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I. — The  Relation  Between  Unsaturation  and  Oj^tical 
Activity.  Part  /.  The  Menthyl  and  Bo  my  I  Esters 
of  /i'Phenylpropuntie,  Cinnamic^  and-  Phenyl- 
propiolic  Acids, 

By  Xbomas  PiBOT  Hilditoh. 

The  connexioii  between  the  degree  of  nnsaturation  and  the  rotatory 

}>ower  of  an  optically  active  compound  was  studied  in  detail  by  Walden 
(Zeitsc/i.  phybikal.  Chem.,  1896,  20,  569),  who  noticed  that  Guye's 
hypothesis  ihaL  the  rotation  of  a  compound  depends  on  the  masries  of 
the  groups  surrounding  the  asymmetric  carbon  atom  does  not  account 
for  the  great  alteration  in  activity  which,  as  a  general  rule,  accompanies 
ring-formation.  He  was  consequently  led  to  investigate  the  effect 
of  changes  in  constitution  on  rotatory  power,  and  commenced  by 
Inking  the  ca.^e  in  which  change  of  constitution  was  associated  with  a 
minimum  alteration  of  molecular  weight,  that  is,  the  change  from  a 
aatuiftted  to  an  etbylenic,  and  from  the  latter  to  anacetylenic  linking* 
Fkfooi  a  oompariwm  of  the  rotatory  powers  of  a  series  of  ^^myl  esters 
of  six  pairs  of  corresponding  saturated  and  ethyleaic  mono-,  di-,  and 
iri-baaic  aliphatic  adds,  it  was  found  that  the  nnsatarated  ester 
poeseMd  in  ail  caaet  a  sUghtly  greater  rotation  than  the  eatofated 
oompoond,  although  in  no  ^aee  wae  the  rotation  large.  Again,  frith 
YOU  XdlL  B 
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the  Tamyl  esters  of  )9-pheD7lproi)ioDic  Aeid,  dnnamic  acid,  and  phenyl* 
propiolic  acid,  the  following  figures  were  obtained : 

ii-Phenylpropionte  estw  ...   CeH,-CH,  CH,-C0,*C5H„    +2-26*  +4-98* 

CinDamic  ester    CeHs'CHiCH'COg'CBUu        7T)1  16-35 

Phenylpropiolic  ester    CeU«*CiO*COt*C»Uii  5'58  12*05 

The  results  for  diamyl  succiniite,  fumarate,  and  acetyleuoJicarbuxyl- 
^  ate  were  of  a  similar  nature,  although  actual  figures  for  the  last  ester 
were  not  given,  as  it  was  not  obtained  quite  pure. 

From  the  above  facts,  Walden  detUiced  that  when  a  single  bond  is 
converted  into  a  double  one  by  the  loss  of  two  hydrogen  atoms,  the 
molecular  rotatory  power  of  the  substance  is  increased  ;  but  that  a 
furtlior  change  to  a  triple  bond  diminishes  it,  although  it  does  not 
cause  it  to  fall  so  low  as  that  of  the  fully  saturated  compound. 
Lately,  however  {Zeitsch.  physikal.  Chem.y  1906,  55,  1),  he  has  stated 
that  the  ^amyl  alcohol  used  in  the  preparation  of  the  estera  was  not 
opticalij  pore)  but  that  this  does  not  aEect  the  value  of  hia  results 
for  purposes  of  comparison.  It  appeared  desirable,  in  view  of  this 
and  also  of  the  fact  that  certain  isolated  observations  have  been  made 
which  do  not  boar  out  Walden's  rule,  to  obtain  more  comprehensive 
data  on  the  subject,  and  the  author  has  therefore  studied  the  meathyl 
and  bornyl  esters  of  the  same  aeries  of  acid.-}.  In  the  present  paper, 
the  reeulta  obtained  with  the  menthyl  and  bornyl  esters  of  ^-phenyl- 
propioDK^  cinnami<^  and  phenylpropiolic  aeids  are  deaoribed,  and  it 
may  be  aaid  that  these  do  not  give  unqualified  oonfirmation  to 
Walden'a  generalisation. 

Before  giving  a  detailed  account  of  these  experimente,  it  ^riU  be 
useful  to  refer  to  ezamplea  of  the  change  of  rotatory  power  aooom- 
panying  this  change  of  ooDBtitution,  which  have  been  obaerved  since 
Walden  published  his  results. 

TkshugaefE  (B$r.,  1898,  31,  360,  1775)  has  measured  the  rotations 
of  a  large  series  of  menthyl  and  bomyl  esters  of  fatty  acids  in  order 
to  detecmine  whether  optical  activity  is  influenced  more  by  the  mass 
or  the  constitution  of  the  optically  active  molecule ;  from  his  results, 
together  with  similar  dtta  on  homdogous  series  of  various  optically 
active  esters,  ethers,  acylaminee,  d^.,  compiled  by  Guye  and  Chavannc 
{Compt.  rend.,  1895,  120,  452),  Frankland  and  MacGregor  (Trans., 
1893,  63,  511,  14ln),  iMankland  (Trans.,  1899,  75,  347),  and  others, 
he  coucluded  that  tlie  molecular  rotation  iu  un  liomologous  series 
increases  to  an  approximately  con.-^tant  value  on  ascending  the  series. 
He  found  that  thia  rule  does  not  liold  if  an  aromatic  group  is  present 
in  the  molecule,  unless  the  aromatic  group  is  situated  at  some  distance 
from  the  asymmetric  carbon  atom.  The  fuiiowiDg  numbem  show  this 
dearly  : 
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Meuthyl  beuzoate    CJIs'CO/CioHjj  -236-3' 

pheuylacetato    Cells-CH^'COj-UjoHig  1907 


•I 


ft 


The  average  value  of  the  molecular  rotation  for  a  menthyl  fatty  acid 
ester  is  -  157*8''.  Hence  the  phenyl  group,  when  in  close  proximity 
to  the  optically  active  part  of  the  mblecale^  exercises  a  diatarbing 
infiueoee  on  the  latter,  but  the  vsariation  depends  entirelj  on  the 
xelative  position  of  the  aromatic  group,  and  almost  disappears  if  the 
groap  in  qneetion  is  not  in  the  immediate  neighbourhood  of  the 
asymmetrio  carbon  atom. 

The  same  author  (j:  Mubs.  P%s.  Chmn.  Soe,f  1902, 34,  606)  prepared 
menthyl /^phsnylpropionate  and  cinnamate^  and  found  a  large  increase 
of  lolation  for  the  latter,  thus : 

(«]•>• 

  -56-21° 

  -  86-65 


Iteotiiyl  ^phflnylpropionate 
cinnaniate   


The  latter  result,  however,  is  not  confirmed  by  the  present  work,  as 
will  be  shown  later. 

Haller  and  Desfontaines  (Com^.  rend,,  1903,  136,  1613}  have 
mentioned  that,  whilst  ethyl  4-methyM-n-propyI-2-<ye/opentanone*2- 

carboxyhite,  ^^^^i^^^^^^^gt^         ^     specific  rotation 

[«1d  +  51'^,theoorre6ponding  ethyl  4'metbyM'«llyl>2-eye2apentanone- 
2-carboxylate  possesses  a  higher  value^  namely,  [a]o  +62*54^  whilst 
Klages  and  Sautter  (Ber,,  1904,  37,  649}  found  that  the  specific 
rotation  of  a-phenyl-ymethylpentane,  CH^Ph'OH^'CHMeEt,  was 
+  17*2°,  whereas  that  of  a-phenyl-y-methyl-A^-pentene  was  +43^. 

Finally,  Minguin  {Compt.  rend.^  1905,  140,  946),  in  discussing  the 
inflaeiice  of  the  ethylenic  linking  in  an  active  molecule,  has  decided 
that  an  increase  in  uusaturation  is  accompanied  by  an  increase  in 
optical  activity  from  a  consideration  of  the  following  iigures  : 


Amyl  neeinata    +  0* 

„    funi.irate    + 15  40 

,,    butyrate   +2  46 

crotouato    +  3  30 


Bornyl  aaocinate   -l"^ 

fuinaratu    -  1  42 

butyrate    -  4  30 

crotouato    -  4  44 


Ho  explains  the  small  difference  in  the  rotation  of  the  correspond- 
ing l»ornyl  esters  as  being  due  to  the  fact  that  these  were  measured  in 
solution,  whereas  the  amyl  cuuipoumls  were  measured  in  the  liquid 
state.  The  rotations  themselves  are  certainly  very  small,  but  the 
minute  iucreaise  surely  cannot  be  safely  ascribed  to  the  intiuence  of  the 
solvent,  for  it  is  an  almost  invariable  rule  that  solution  in  an  inactive 
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non-associating  solvent  has  little  effect  on  the  rotatory  power.  Two 
samples  of  this  may  be  given  from  the  present  work  : 

5%  Bolatiou  in 
In  fused  state.  cmoroform. 
fiotation  of  [o]u.  [ajo. 

/-Menthol   - 49-88°  ( I'.iltz).  -48-40° 

i-Menthyl  i8-i)heuyipropionate...       -5G'21  (Tschugaeflf).  —57  "90 

In  the  first  case,  the  rotatoiy  power  Is  sUgbtly  decreased  in  solution ; 
in  the  aeoond^  it  is  inereased,  but  in  both  instances  the  change  does 
not  materially  affect  the  magnitude  of  the  optical  activity. 


EXPBBIMBNTAL. 

It  was  decided  to  use  menthyl  and  bornyl  esters  for  the  purposes  of 
this  investigation,  since  derivatives  of  these  alcohols  possess,  in  genetal, 
a  fairly  large  rotation,  and,  in  addition,  are  easily  obtained  in  a  pure 
state.    The  esters  were  prepared  by  either  of  two  methods : 

(1)  The  acid  was  treated  with  eansess  of  thionyl  chloride  and  heated 
to  100^  i  the  resulting  add  chloride,  whieh  was  pvactlcaUy  pure  (and 
was  not  contaminated  by  inorganic  impurities  as  would  have  been  the 
case  if  phosphorus  pentachloride  bad  been  used),  was  then  mize^  with 
a  slight  excess  of  the  alcohol  and  heated  at  120^  until  the  evolution 
of  hydrogen  chloride  ceased. 

(2)  The  alcohol  and  acid,  the  former  usually  in  slight  excess,  were 
heated  in  a  stream  of  hydrogen  chloride  at  18(1^140^  for  some  hours. 

After  elimination  of  traces  of  acid  by  dilute  alkali,  the  esters  were 
purified  by  distillation  under  reduced  pressure.  The  high  temperature 
of  distillation  appeared  to  have  little  elYect  on  the  rotation,  and  it  was 
found  that  practically  no  decoajpo.silion  of  the  compounds  occurred 
under  these  conditions,  except  in  the  case  of  the  esters  of  phenyl- 
propiolic  acid.  The  purity  of  each  of  the  compounds  was  checked  by 
analysis  and  by  measurement  of  the  rotation  of  the  menthol  recovered 
from  the  esters  by  hydrolysis. 

The  specific  gravities  were  measured  in  an  Ostwald-Sprengel  pykno- 
meter  maintained  at  constant  temperature  or,  in  the  case  of  the 
solid  esters,  filled  as  near  the  melting  point  as  possible ;  the  values 
obtaiued.were  referred  to  water  at  4°.  The  refractive  indices  of  the  esters 
in  the  liquid  or  superfused  state  were  also  observed  by  means  of  an 
Abb4  refractometer,  and  it  may  be  meottoned  as  indicative  of  the 
degree  of  purity  of  the  specimens  used,  that  in  the  case  of  those  solid 
at  the  ordinary  temperature  it  was  exceedingly  difficult  to  maintain 
them  in  the  superfused  condition  more  than  a  degree  or  two  below 
their  melting  points. 

As  several  experimental  difficulties  stood  in  the  way  of  determining 
the  specific  rotations  of  the  esters  themselves,  it  was  decided  to 


Digui^uu  uy  Google 


UKSATURATION  AND  OITICAL  ACTIVITY.     PART  1. 


5 


examiiiO  them  in  solution.  In  order  to  be  sure  that  the  solvent 
exerted  no  disturVnng  elFect,  the  rotations  were  measured  in  both  of 
two  chemically  dissimilar  solvents,  chloroform  and  acetone,  and  in  both 
cases  the  measurements  were  carried  out  at  three  different  concen- 
trations of  the  dissolved  ester.  The  polariseope  tube  was  surrounded 
by  a  raet^l  jacket  through  which  a  current  of  cold  water  was  passed 
at  a  regular  rate ;  the  temperature  of  each  observation  was  noted, 
and  varied  between  the  extreme  values  of  20°  and  22°  for  the  whole 
seriea  of  ezperimente ;  a  2-dciii.  tube  was  used  throughout.  The 
nmnben  gtTeo  In  the  following  tables  show  that,  in  general,  the 
rotatory  power  vm»  verj  slightly  with  the  solvent,  and  in  a  eorre- 
spending  manner  for  all  the  substances  on  dilution,  so  that  com- 
parisons between  the  optical  rotatory  powers  of  the  various  esters  may 
be  legitlinately  deduced  from  them,  since  it  is  obvious  from  the 
regular  variation  of  the  rotation  with  dilution  that  no  association  of 
the  moleoules  of  any  of  the  esters  occurs. 


Eight  grams  of  yS-phenylpropionic  acid  were  heated  on  the  water- 
bath  with  excess  of  thionyl  chloride  until  no  more  hydrogen  chloride 
was  evolved,  and  the  mixture  was  then  treated  with  a  slight  excess  of 
menthol  and  heated  to  120°  for  some  time.  The  product  was  shaken 
with  dilute  sodium  carbonate  solution,  extracted  with  ether,  dried, 
and,  after  removal  of  the  ether,  fractionated  in  a  vacuum.  The 
fractioa  boiling  from  208^  to  213°  was  collected,  and  it  soliditied  on 
cooling  in  a  freezing  mixture. 

The  rotation  of  this  ester  in  the  superfosed  state  and  also  its 
density  have  been  determined  by  Tschugaeff  {loc.  eit.)f  who,  however, 
gives  no  further  description  of  its  properties.  It  is  a  waxy  solid, 
crystallising  in  short  prisms,  which  melt  at  28°  to  a  colourless  liquid 
boiling  at  210—212**  (25  mm.).  Its  specific  gravity  at  its  fusion 
point  is  c{287i'»- 0*9836  (0*9861:  Tsehugaeff),  and  its  refractive 
index  ttg*- 1-6004: 

0-1376  gave  0-3975  CO^  and  0-1252  II^O.    C  =  78-77  ;  H  =  10  11. 
C,j^28^2  requires  C«  7917  ;  H  =  9*72  jier  cent. 

The  following  table  gives  the  measurements  obtained  for  the  rotatory 
power  of  this  sabstanoe : 

Percentage        SolatioQ  in  chlorofunn.  Solution  in  acetone. 


iets 

Ttnp. 
20* 

tion. 

a. 

[M],. 

Temp. 

a. 

Wo. 

[M].. 

10 

-11  91 

-  171-5 

2r 

-11-29 

-56-45 

-162-6 

5 

20 

6-93 

59  30 

170-8 

22 

679 

67*90 

166-8 

H 

20 

8*04 

60-80 

176-1 

21 

8-00 

00-00 

172-8 
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This  compound  is  mentioued  by  Ck>heii  and  Whitolej  (Trans.,  1901, 
79,  1308),  who  obtained  it  as  a  pale  yellow,  non-crystnllisahle  oil 
from  equivalent  quantities  of  cinnamyl  chloride  and  menthol,  bub  did 
not  investi^^ato  it  further.  TschugaefF  {loc.  cil.)  found  a  valoe 
[a]o  -86*65^  for  the  specific  rotation,  which  is  widely  different  from 
those  defcermined  by  the  author.  The  specimen  used  was  obtained  from 
ciDDamio  acid  by  the  same  method  as  that  by  which  meuthyl  jS-phenyU 
propiouate  was  prepared.  After  two  fractionations  in  a  Taonumy  it 
was  an  almost  colourless,  viscous  oil,  boiling  at  230 — 233^  (27  mm.) ; 
it  did  not  solidify  at  -15%  but  at  that  temperature  became  so 
▼iscous  that  the  vessel  containing  it  could  be  inyerted  without  causing 
the  contents  to  flow  petoeptibly ;  d  IT^i**-"  1*0079  (1-0066 :  Tsohugaeff) ; 
specific  refractiTe  index  nS*  — 1'5433 : 

0  1856  gave  0*5440  COg  and  0  1538  H,0.    0  =  79-89  ;  H«9-21. 

CigUoyO,  requires  0  =  7972  ;  TI  =  9  09  per  cent. 

The  following  rotations  were  observed  with  solutions  of  this 

ester : 


PeTG«ntag«       Solntion  in  oUofoform.  Solalton  in  loetone. 


tration.  Temp. 

a. 

Wo. 

Temp. 

a. 

[MJ.,. 

10  20° 

- 1200 

-60  00 

-171-6 

-21 

-12-89 

-64  45 

-184-3 

5  SO 

5*90 

60-00 

171-8 

SI 

0-SO 

62-00 

170-0 

Si  21 

8-04 

60-80 

1780 

21 

8-18 

68-60 

181-0 

This  was  prepared  by  heating  5  grams  of  phenylpropiolic  acid 
with  a  slight  excess  of  menthol  to  1 40^  in  an  oil-bath  for  about  four 
hours,  a  stream  of  dry  hydrogen  chloride  being  passed  through  the 
mixture  continuously.  By  this  moans,  after  washing  the  product 
with  dilute  sodium  carbonate  solution,  extracting  with  etlier,  drying, 
and  fractionating,  a  yield  of  7^  grains  of  ester,  boiling  at  232 — 240^ 
(30  mm.),  was  obtained. 

This  was  rofractionated  and  the  portion  boiling  at  235 — 238*^ 
(30  mm.)  collected.  This  solidified,  on  cooUng,  to  a  mass  of  slightly 
yellow  crystals,  melting  at  33^  The  specific  gtt^vity  at  the  meltang 
point  of  thecompound  was  d  3374°-"  1  '0595,  and  the  specifie  refraotiye 
index  of  the  superoooled  liquid  was  ng**"  1*6239 : 

0*1123  gave  0*3291  C0«  and  0-0897  H,0.   0-79*92 ;  H-i8*88. 
O^qHj^O^  requires  0  -  80-28 ;  H  -  8-45  per  cent. 

The  following  measurements  o|  the  rotatory  power  were  carried 
out; 
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FBrcfofaj:^        Solution  in  chloroform.  Solution  in  acetone. 


couccn* 

tntion. 

Temp. 

r«v 

-5S-65 

Temp. 

«. 

[Mlo. 

10 

2r 

-n-73 

-166-7 

-11-11 

-  55-55 

-  157-8 

S 

5-70 

57 -00 

161-9 

21 

5-26 

5260 

149-4 

H 

21 

801 

60-20 

171-0 

20 

2-62 

52-10 

HS'8 

This  estar  was  prepared  by  the  thionyl  chloride  method  from  7 
grams  of  the  acid  and  an  equivalent  amount  of  borneol.  After  two 
fractionations  in  a  vacuum,  a  yellow  oil  h>oiling  at  205 — 207'^  (20  ram.) 
resulted,  which  had  a  specific  gravity  d  17°/-^"  =  1'0350  and  a  specifip 
refractive  index  ji^^  =  1'5142.    On  analysis  : 

0-0820  gave  0-2388  CO3  and  0  0668  Bfi.    G  -  79*43  j  9-06. 
Oi^Sffit  nquires  C»  79*72 ;  a»9  09  per  cent 

Tlie  results  obtained  for  the  optical  rotatory  power  were  as  follows  t 


Per<^entage        Solution  in  chloroform.  Solution  in  acetone. 


coDcen< 

EmtioB. 

Trap. 

m. 

[M)„. 

Tmip. 

a. 

[Mil* 

10 

20' 

+  6-05 

+  30-25 

+  86-5 

20' 

+  5-80 

+  29-00 

+  82-0 

20 

2-95 

29-50 

84-4 

22 

2 -SO 

28  00 

80-1 

H 

20 

1-46 

29-20 

83-5 

22 

1-46 

29-20 

83-6 

This  was  obtained  bj  the  hydrooUorio  add  method,  the'oiUbath  being 
maintained  at  about  130^  for  five  hoors.  On  purifioation  and  fiaotiona- 
tioo,  a  pale  yellow  oil  was  collected,  whieh  distilled  at  S26— 280*> 
(37  mm.)  and  did  not  solidify  on  cooling.  Its  specific  gravity  was 
d  17^/40-1*0571,  and  its  rafractiye  index  n!r»  1-5525 : 

0-1374  gave  0  4063  CO,  and  0-1075  H.O.    C  =  80  G3  ;  II«8-70. 
C,gHj^Oj  requires  C  =  80-28 ;  k-8-46  per  cent. 

The  following  polarimetric  observations  were  made : 


Percent«ge         Solution  in  ohloroform.  Solution  in  acetone. 


(MllH 

kftiaa 

,  Tunp. 

a. 

[«].. 

Ttmp. 

a. 

[M].. 

10 

2V 

+  5-81 

>  29-05 

+  82-5 

20° 

+  5-82 

+  29*10 

+  82-6 

S 

22 

2-SO 

28  00 

79-5 

21 

2-63 

26-80 

76  1 

2| 

21 

1-42 

88*40 

80-7 

22 

1*88 

27*60 

78*4 

This  eompoond  was  prepared  by  the  hydrochloric  acid  method  from 
5  gtams  of  the  add  and  a  dight  excess  of  borneol.  In  this  way, 
Marly  4  grams  ef  ester  were  finally  obtained  as  a  pale  yellow,  crystal- 
line MMs,  mdting  at      and  boOing  at  228— 230^  (21  mm.),  Tb« 
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specificgravityof  the  crystals  ai  the  melting  point  was  <j  45^/4'^  =  1  0884, 
and  the  refraotive  index  of  thesnpereooled  liquid  was  nS"  — 1*5500 : 

0a002  fs^Ye  0  S951  00,  and  0*0742  H,0.   0  -  80*38 ;  H  -  8*33. 
CjqHqO,  requires  0-80*85 ;  H-*7'80  per  oent. 

The  optical  rotatory  powers  meamed  were : 


PercentAgo 

Solution  in  chloiofonn. 

Solution  in  aoetona. 

tntion*  Temp^ 
10  21* 

«* 

[H]». 

Temp. 

«. 

[M]o. 

+  6-21 

+  31-05 

+  87-6 

20" 

+  6-34 

+  31-70 

+  89-4 

5  22 

8-13 

31-30 

88-3 

20 

3*10 

81  00 

87-4 

22 

1-57 

31*40 

88-6 

22 

lii 

30-20 

85-2 

The  above  observations  show  that  there  is  no  conspicuous  altera^ 
tion  in  optioal  activity  in  either  series  of  esters,  but  at  the  same  time 
certain  small,  but  wdl-defined,  variations  are  to  be  noted,  and  these 
are  apparently  closely  connected  with  the  degree  of  unsaturation  of 
the  acid  present.  In  order  to  present  these  comparative  differences  more 
clearly,  two  tables  are  given  showing  the  molecular  rotations  of  each 
series  of  esters  at  corresponding  concentrations  (the  specific  rotations, 
it  wOl  be  noticed^  are  related  similarly,  owing  to  the  small  chaoge  of 
molecular  weight  of  the  esters). 


^Solution  in  diloroform. 


^-IMienylpropionio  ... 

Ciunainic   

Fbeuyipropiolio  


T.  MmUhyl  EtiUm. 


5  %.  2i  %. 

-171-5    -  170-8  -  175  1 

171-6      171-3  173-9 

166*7      161*9  171*0 


Solution  in  acetone. 

10  %.  5  %.  2\  %. 

-162-6  -  166-8  -  172-8 

184-3  179*9  181-6 

157-6  140*4  148*8 


/3-r}i<'iiylpruj)i()nic  ... 

Ciuuiiiuic   

Pheaylpropiolio  


II.   Bamyl  Jl^en, 

Solution  in  chlorolonn. 

10%^        5%,  27%?' 

+  86-5  +84-4  +83-5 
82-5  79-6  80*7 
87*6       88*8  88*6 


Solution  in  acetoni;. 

10%.       5°^  2i 

+  82-9  +80  1  +83-5 
82-6  76-1  78  4 
80*4       87*4  85-2 


It  will  now  at  once  be  perceived,  first,  that  with  only  one  exception, 
the  change  of  rotation  is  in  the  same  direction  for  corresponding  con- 
centrations of  the  esters  in  either  solvent ;  and,  further,  that  in  the  case 
of  the  menthyl  esters,  the  ester  containing  a  "  doubly-linked  "  pair  of 
carbon  atoms  has  a  slightly  (numerically)  increased  rotation  compared 
with  the  saturated  ester,  whilst  the  ester  of  the  acetyienic  add  possesses 
less  rotatory  power  than  even  the  saturated  ester :  whsteas  the  converse 
holds  for  the  corresponding  bornyl  esters,  a  change  from  a  saturated 
to  an  ethylenic  linking  being  now  accompanied  by  a  (numerical)  decrease 
of  rotatory  power,  whilst,  on  the  other  hand,  a  further  increase  of 
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vnaatiiMtion  prodoeet  tax  esfcer  tlie  optical  aeftmfcy  of  whidi  is 
nomflrically  greater  tlian  that  of  the  aatinated  ester.   The  only 

exception  to  this  rule  in  the  observations  quoted  above  is  the  rotation 

of  a  '2h  p€;r  cent,  solution  of  menthyl  cinnamate  in  chloroform ; 
this  may  safely  be  attributed  to  errors  of  experiment,  as  at  this 
dilution  the  angle  of  rotation  observed  is  small  enough  to  give  a  large 
discrejmnt  y  in  the  molecular  rotation  for  a  comparatively  small  error 
of  observation.  The  relative  differences  in  optical  activity  appear  to 
be  more  accentuated  in  the  case  of  solutions  in  acetone  of  the  menthyl 
esters  than  in  any  other  instance;  the  precise  reason  for  this  is  not 
obvious. 

The  above  experiments  fomish  further  data  for  discussion  of  the 
following  two  points : 

(1)  The  steady  change  in  optical  activity  which  is  found  to  accompany 
changes  from  saturated  to  ethylenic,  and  from  the  latter  to  acetylenic^ 
UnloDgs  in  a  eomponnd. 

(3)  The  small  relative  ciiange  of  the  rotation  of  the  wioos  esters. 

The  results  obtained  evidently  do  not  agree  entirely  with  Walden's 
statement ;  it  will  therefore  be  necessary  to  examine  them  in  farther 
detail.  In  the  first  place,  Walden  prepared  his  esters  from  {-amyl 
alcohol*  and,  in  accordance  with  the  well-known  mle,  invariably 
obtained  dextrorotatory  esters;  thns  the  influence  of  the  acid  is 
to  change  the  sign  of  the  rotation,  or,  in  other  words,  to  exert  a  pre- 
ponderatingly  positive  influence.  In  the  case  of  the  menthyl  esters 
described  above,  the  specific  rotations  varied  between  the  extremes 
of  -  52-40^  for  a  2^  per  cent,  solution  of  menthyl  phenyl- 
propiolate  in  acetone  and  [a]]l  -64*45°  for  a  10  per  cent,  solution  of 
menthyl  cinnamate  in  acetone.  A  sample  of  the  menthol  used  to 
prepare  the  esters  was  examined  in  the  polariscopo  with  the  following 
result.  A  5  per  cent,  solution  in  chloroform  at  20^  in  a  2-dcm.  tube  gave 
a  rotation,  a-  4-84°  whence  [a]S  -  48  40°,  and  [M]^  -  75-50°.  Again, 
some  of  the  menthyl  cinnamate  on  hydrolysis  with  alcoholic  potash, 
after  dilution  and  extraction  with  ether,  gave  a  specimen  of  menthol 
which  after  recrystal ligation  melted  at  41*5°>  and  a  5  per  cent,  solution 
of  this  in  chloroform  in  a  1-dom.  tube  at  20^  gave  a -2*40°, 
[ajg  and  [M]?  -  74*88^.   This  affords  proof  of  the  optical 

purity  of  theestersy  and  also  shows  that  the  rotation  of  the  esters  was 
always  greater  than  that  of  menthol  itself. 

With  the  bornyl  oompoands,  the  specific  rotations  varied  between 
that  of  a  5  per  cent,  solution  in  acetone  of  bomyl  cinnamate,  [a];,'  -f- 
S6*80^,  and  that  of  a  10  per  cant,  solution  in  acetone  of  bornyl  phenyl- 
propiolate,  [a]^  +31*70,  whereas  the  specific  rotation  of  the  bomeol 
need  was  •|-35'9^  before  esterifioation  and  +  34*8^  after  recovery  from 
one  of  the  esters. 
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Hence,  in  one  case,  the  introduction  of  the  acidic  radicle  causes 
an  increase,  and,  in  the  other,  a  decrease  of  rotatory  power.  Although 
the  direction  of  the  change  is  thus  shown  not  to  be  uniform  in  all  cases, 
it  is  quite  possible  that  the  change  of  rotation  on  esterification  depends 
chiefly  on  the  nature  of  the  optically  active  alcohol;  indeed,  a  difPerenoe 
of  behaviour  between  alcohols  of  widely  varying  structure,  configura* 
tioD,  'and  optical  activity  is  only  to  be  expected  i  this  view  te  borne 
out  by  Guye's  work  on  the  influence  of  mass  on  rotatory  power.  But, 
at  the  Berne  Ume,  one  would  expect  the  change  of  optical  activity 
occasioned  by  nnsatuvation  in  any  aqrmmetrio  compound  to  be 
dependent  solely  on  the  change  from  single  to  double^  or  double 
to  triple  bonds,  and,  granting  that  this  Is  the  only  factor  influencing 
the  alteration  in  rotation,  it  follows  that  the  optical  effects  produced 
should  lie  In  a  corresponding  direction  for  each  stage  of  unsatuiatlon 
with  any  alcohoL  If  this  Is  the  case,  it  is  likely  that  the  change  in 
rotation  will  depend  In  some  way  on  the  influence  whidi  any  addle 
group  exerts  on  the  moleoule. 

To  illustrate  this,  the  following  tebles  have  been  drawn  up,  In 
which  the  numbers  given  represent  the  difference  between  the  specifio 
rotations  observed  above  and  the  specific  rotation  of  menthol 
([a]o  -  48*4°)  and  borneol  ([o]i,  +  37  0°) : 

I.  Menthol  Eiien. 

Solution  in  ohloroform.  Solntion  in  aoeione. 


Aci.l.  10%.  5%.  2i%.  '10%;  5%.  n%/ 

/S-Phenylpropionic   11  "l  10*9  12'4  8*0  9*5  11-6 

Cinnamic    11-6  11-5  12-4  16  0  14  5  15  2 

Phenylpropiolio    10  2  S*6  11*8  7  1  4*2       4  0 


II.  Bomyi  S$Ur$, 

Solution  in  chloroform.         Solution  in  acetone. 


AcM.  10%.  6%.  2i%.  10%.  6%.  24%. 

/B-Pheaylprotiionio   6*7  7*5  7'S  8*0  9*0  7*8 

Cinnamio    7*9  9*0  8<4t  7*9  10*2  .9*4 

Phenylpiopiolio    6*9  5*7  6*6  S'8  Si)  8*8 


In  accordance  with  the  numbers  obtained,  it  will  be  assumed  for  the 
moment  that  the  presence  of  an  ethylenic  linking  causes  a  further  in- 
eresse  in  the  effect  produced  by  the  saturated  aoidio  radicle^  whilst  an 
acetylenio  linking  decreases  this  effect.  It  is  shown  above  that  the 
effect  of  the  entry  of  a  saturated  scidio  group  Into  the  Invo-menthol 
molecule  is  to  increase  the  negative  spedfie  rotetion ;  a  change  from 
such  an  ester  to  the  corresponding  ethylenic  compound  produces  an  In* 
crease  In  the  nigative  speciflc  rotetion,  and  a  further  chfingo  to 
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Ihe  Mif tome  €8tte  ttMtm  ilie  spedfie  fotfttion  to  fall  to  1m  tban  that 
of  Ilia  intomtod  sabstanoe.  Tke  mam  is  ilightly  diifeniifc  for'tlie 
bof&yl  dtfivrntivw,  for  bm  it  will  be  oboomd  tbat  the  acidie  radide 
BxutB  a  dimiiiiihiDg  influenoe  on  the  apedfifi  rotation;  htnoOf  pro- 
eeeding  on  the  ammption  made  abore^  an  alteration  from  a  single  to  a 
ionUe  bond  shonld  increase  tbis  negative  ioflneooe^  whilst*  oonyerselyi 
Ihe  ebange  from  a  single  to  a  triple  linking  shonld  lesnn  the  negative 
influeoce  of  the  acidic  radide  and  so  increase  the  poeitive  rotation : 
thin  is  exuctly  what  has  been  observeil  to  take  place. 

liearii>g  in  mind,  then,  that  in  the  case  of  esters  a  change  of  rotation 
is  to  be  con^sidered  with  reference  to  the  direction  of  the  change  of 
rotation  which  occurs  on  esterification  of  the  active  alcohol  by  any 
inactive  acid  whatever,  the  results  obtained  indicate  that  the  presence 
of  an  ethylenic  bond  in  a  compound  increases  the  optical  activity, 
whereas  that  of  an  acetylenic  bond  cauces  the  rotation  to  be  leas  than 
that  of  the  saturated  compound. 

The  question  now  arises,  how  far  does  this  conception  agree  with 
other  work  which  has  been  done  on  the  subject  t   So  far  as  the  effect 
of  the  ethylenic  b'nking  is  concerned,  the  resnlts  now  put  forward 
■erve  to  eorroborate  all  the  oheervations  quoted  in  an  earlier  part  of 
this  paper;  in  the  case  of  oomponnds  such  aa  those  prepared  by 
Haller  and  Desfontasnes,  and  by  Klages  and  Santter  {U>e,  oil.),  there  is 
no  question  of  the  okange  which  the  group  containing  the  nnaatnrated 
part  of  the  moleoole  exerts  on  the  rotation  of  the  moleenle  as  a  wboloi 
and  ibsfefore  a  simple  increase  of  rotation  takes  pkoe.  Mingnin's 
sad  Walden's  resnlts  for  esters  of  tenyl  alcohol  also  show  that  aa  tn- 
cwase  of  optical  activity  aceompanies  the  change  from  a  single  to 
a  doable  bond,  and  Hartwall  {Dim.,  Hddngfors,  1904)  has  obtained 
nmilar  results  with  aetiye  hydrosiomatic  esters  of  aliphatio  adds, 
but  if  the  above  assumption  is  extended  to  Walden's  results  for  the 
active  amyl  esters  of  phenylpropiolic  and  acetylenedfcarboxylic  acids 
(the  actual  numbers  for  the  latter  substance  are  not  givou),  it  is 
obvious  that  a  decrease  in  rotation  should  be  found,  whereas  this 
author  states  that  the  numerical  value  of  the  optical,  activity  lies 
between  those  of  the  corresponding  saturated  and  ethylenic  compounds. 
Since  Walden  has  himself  admitted  that  the  alcohol  used  was  not 
optically  pure,  it  would  appear  probable  that  these  results  are  in- 
a^urate,  and  that  the  change  to  a  triple  bond  causes  decrease  in 
optical  rotatory  power.    It  may  here  be  mentioned  that  Stewart 
(Trans.^  1907,  91,  199),  in  dealing  with  the  relation  between  absorp- 
tion spectra  and  optical  rotatory  power,  observed  that  neither  the 
order  of  the  persistence  of  the  absorption  bonds  nor  of  the  frequencies 
at  thdr  heads  appeared  to  be  connected  with  the  order  in  which  the 
rotatioiis  (according  to  Walden)  stood  \  but  it  will  b®  poted  that  the 
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order  of  both  of  tliMo  coincides  with  that  now  determined  for  the  effect  • 
of  unefttnration,  so  tliAt  the  order  of  the  variation  of  rotatum  with 
onsatnration  does  not  present  any  obstacle  to  the  deduction  of  relations 
between  the  two  series  of  phenomena. 

It  would  seem  that  some  explaoation  is  desirable  of  the  notably 
small,  although  regular,  changes  experienced  in  the  rotations  of  these 
esters.  Many  investigations  have  served  to  give  prominence  to 
the  fact  that  optical  activity  is  not,  as  Guye  at  first  supposed, 
simply  a  function  of  the  masses  surrounding  the  asymmetric  carbon 
atom,  but  depends  also  on  the  constitution  of  the  molecule  j  it  appears 
to  the  author  that  tlie  present  research  serves  especially  well  to 
display  the  influence  both  of  the- mass  and  of  the  constitution  of  the 
molecule ;  for,  whilst  the  effect  of  unsaturation  is  shown  to  produce 
perfectly  definite  changes  in  the  rotatory  power,  the  mass  of  the  ester 
is  in  all  cases  so  great  that  these  changes  are  quite  small  in  com- 
parison with  the  average  specific  rotation.  Now,  if  the  structntal 
formnia)  adopted  tcr  menthol  and  bomeol  are  considered,  it  at  once 
becomes  evident  that  the  three  asymmetric  carbon  atoms  are  similarly 
situated  in  each  molecule,  thus : 


CHs*CH*CH2  OH, 

OH,     \h  0H  CH2  I  ^H-OH 

I     -  I  I  CHa'C-CII;!  I 


CH  CH 
OH, 

Menthol.  Boroool. 

it  is  therefore  natural,  according  to  Guye's  view,  that  the  effect  of  a 
small  change  in  the  weight  of  the  molecule  should  be  approximately 
the  same  in  each  case,  and  also  that  in  neither  case  should  a  very 
marked  change  of  optical  activity  occur.  Further,  it  has  been 
observed  (Guye  and  Babel,  Arek  SeL  phya.  not,,  1899,  [iiij,  7,  lU ; 
Guye,  Tnns.,  1901,  79,  476)  that  substitution  in  an  optically 
active  compound  effected  at  a  point  sufficiently  far  removed  from  the 
asymmetrio  carbon  atom  scarcely  modifies  the  rotatory  power.  This 
fact  may  be  illustrated  by  McOrae's  work  on  ethyl  octjl  tartrate 
(Trans.,  1901,  79,  1106),  in  which  the  following  results  for  dsriv- 
atives  of  this  subst moe  were  obtained  : 
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Dkthjl  tartmto   15*78*  Btbyl  oetyl  tartrate    +22'55' 

„      diacctyl tartrate    +9  9         „       „    diacetyltartrate  ...  +15*8 

dibeazojltartrat«          -.iil  l         „      „   dibenzojltartrate .  -246*8 

It  will  be  noied  that  the  difference  between  the  values  for  oorre- 
spondiDg  derirataTes  of  ethyl  octyl  and  diethyl  tartrate  (which  are  also 
given  in  the  table)  is  relatively  small  in  e.ich  case.  Equally  iiisii  active 
is  the  case  of  the  menthyl  esters  of  benzoic,  phenylacetic,  auJ  /i-phenyl- 
propionic  acids,  which,  as  has  been  mentioned  (p.  2),  has  been 
investigated  by  Tschugaeff. 

Again,  Haller  and  Deafontaines  (loc.  cit.)  observed  a  comparatively 
small  increase  of  activity  in  corresponding  saturated  and  unsaturated 
derivatives  of  cyc/opentanone  containing  two  asymmetric  carbon  atoms, 
of  which  only  one  was  situated  close  to  that  part  of  the  molecule 
where  change  of  constitution  was  effected.  These  instances  show  that 
with  many  compounds  of  fairly  high  molecular  weight  a  slight  change 
in  constitution  is  not  usually  accompanied  by  any  great  alteration  in 
optical  activity. 

Rape  (Annalenf  1903,  327, 157)  has  made  an  extensive  study  of  a 
eue  which,  however,  is  even  more  closely  related  to  the  nature  of  the 
present  work,  namely,  the  effect  of  the  position  of  the  double  bond  on 
the  optical  activity  of  a  large  series  of  menthyl  esters.  His  most 
inlefestiiig  results  &re  collected  in  the  following  tables : 


Menthyl  esters 

of 

[«]». 

[MI,.. 

Crotonic  acid  . 

-90-6r 

-203  r 

74-41 

177-1 

Afly-Penteuoic 

It  »••-«• 

72-51 

172-5 

AT^-Peutenoic 

67-32 

160-2 

A«3-Hexonoic 

68-38 

172-4 

^^Y-Hexenoio 

65-11 

1641 

Ay*  Hfxenoic 

60-98 

153-5 

4a<<-Uexeuoic 

81-26 

154-4 

86-03 

175-5 

Thus  in  the  case  of  aUpbatic  unsaturated  adds,  the  double  bond 
eierts  less  and  less  influence  the  further  it  is  away  from  the  asymmetric 
carbon  atom.  He  shows,  moreover,  that  a  similar  state  of  affairs 
prevails  with  the  reduced  benzoic  adds,  thus : 


Menthyl  esten  of  [a]„. 

Benzoic  acid   -83-53" 

A'-eydoHexeneearbozylio  Mid    74*64 

A^-q/'r/oH«.xoiK'Carb(ixylic  acid    50 '4 4 

qre^Uexaaecarboxy lie  acid    59 '11 


It  will  be  especially  noted  in  this  connexion  that  the  A'^-cyc^ohexene- 
carboxylic  acid  has  much  less  effect  tha9  the  A^-aeid«  the  double  linfc- 

# 
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iog  being  further  removed  from  the  asymmetrical  part  of  the 

molecule. 

Tlieso  instances,  then,  show  clearly  that  a  large  alteration  of  rotation 
is  not  to  be  looked  for  in  the  case  of  esters,  such  as  those  of  menthol 
and  borneol,  containing  no  less  than  three  asymmetric  carbon  atoms, 
two  of  which  at  least  are  relatively  distantly  situated  with  respect  to 
the  point  where  change  in  constitution  takes  place,  and  it  may  bo  lield 
that  the  behaviour  of  these  esters  is  quite  in  accordance  with  what 
might  have  been  expected  from  due  oonsideration  of  previous 
obioivations. 

Attention  may  be  drawn  to  the  fact  that  other  physical  properties 
of  the  esters  appear  to  be  influenced  in  a  regular  manner  by  increase 
of  unsaturation  ;  thus  tbe  boiling  points  and  specific  gravities  appear 
to  increase  with  increasing  unsaturation,  whilst  the  refractive  index 
increases  for  a  change  from  single  to  double,  but  decreases  to  an  inter- 
mediate value  for  the  farther  change  to  a  triple,  bond.  The  following 
table  illustratee  these  properties,  together  with  the  values  for  a  typical 
corresponding  set  of  polartmetric  measurements : 


10  per  cent,  solution. 


Refractive 


Chlorofoim.  Aoetone. 


SfUr.  fi.  p.      8p.  gr.  index.    [a]».      [M]».      [a]o.  [M]b. 

*'!f^'^?L^;£^^M?9?7:mT)0  9S36    1-5001  -59-55-  -171-r  -56-46»  -162-6* 
propionate   ^  (25  mm. )  j 

Mentfiyl   cinuam.|230-233'Jj.j^yj   ^.^^^  ^j^j^  .^g^.^ 

"^^S^^^  -^•••^  -^""-^ 

^;;2io,2;t^!l'{  1-6142  +  30  25    +  86-6  +^<)0  +82-9 

Boniyl«toiiwnate.|^2y~|^j  J}  1-0671  1-6626  +29-06    +82*6  +29-10  +82-6 
J5oUte^^?[!??!!A(21lI^o)^  ^^^^^  +31  05    +87-6  +81-70    +89  4 

The  author  is  at  present  engaged  in  an  inyestigation  of  the  menthyl 
and  bomyl  esters  of  soocittio^  fumaric,  and  acetylenedicarbozylio  acids, 
and  by  comparing  the  optical  rotatory  powers  of  these  under  similar 
conditions  it  is  hoped  to  obtain  still  further  data  on  which  to  base 

some  generalisation  of  tlie  relation  between  unsaturation  and  optical 
activity.  In  the  raeaDtime,  the  following  summary  may  be  given  of 
the  conclusions  so  far  arrived  at : 

(1)  The  effect  of  change  from  a  saturated  to  a  correspotuling 
unsaturated  compound  produces  a  relatively  small  change  in  the  case 
of  the  rotation  of  esters  of  menthol  and  boriieol, 

(2)  Tiiese  alterations  aio  nevertheless  perfectly  detiuito,  and  exhibit 
quite  regular  fluctuations  de[>ending  on  the  change  of  constitution. 

(3)  The  conversion  of  a  saturated  to  an  ethyieuic  linking  is 
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accompanied  by  an  increase  in  rotatory  power,  whilst  the  change  from 
a  satarat^  to  an  acet yleoic  bond  is  apparently  coxmected  with  a 
decrease  in  rotatory  power. 

(4)  In  the  case  of  esters,  the  change  in  rotation  mu.st  be  measured 
with  i*espect  to  the  influence  which  any  acidic  group  exerts  on  the 
Baolecttle,  or,  in  other  words,  with  reference  to  the  difference  between 
the  specific  rotation  of  the  estar  and  that  of  the  active  alcohol  from 
ivhich  it  was  formed. 

(5)  Walden's  results  are  thus  confirmed  so  far  as  the  chiuige  to  an 
ethylenic  linking  is  concerned,  but  there  is  a  discrepancy  as  regards 
the  inflnnnfie  of  the  triple  bond  on  the  optical  activity  ;  he  does  not, 
however,  appear  to  have  recognised  the  necessity  of  observing  the 
isst-mentumed  distinction  with  regard  to  esters. 

In  coDclusioD)  the  author  desires  to  thank  Prof.  Collie  and  Dr. 
Bmiles  for  the  interest  they  have  shown  in  this  research,  and  to 
edknowledge  his  indebtedness  to  Dr.  A.  W.  Stewart  for  much  valuable 
sswstonce  in  the  ooone  of  the  work. 

ThB  OSOiittO  CHBMXSniT  Labobatobt,- 
Umivehsity  Oollxox, 

IjOKDOH. 


II. — Note  on  the  lodates  and  Penodates  of  tlie  Alkali 

Metals  and  tAe  Ammonium  Radicle. 

By  Tbomab'  ViPoiiD  Babksb,  B.A.,  B.Se.(Oj[on.). 

TirE  present  communication  deals  with  the  chemical  part  of  an 
investigation  of  certain  iodates  and  periodatos  which  were  chiefly  pre- 
pared for  a  crystaliographic  examination ;  the  results  of  the  latter 
will  appear  shortly  in  the  Zeilschrift  fur  JCryatallographie. 

Of  the  analyses,  the  halogen  estimations  were  eff^ted  by  the  Carius 
method,  which  the  author  had  previously  found  to  answer  well  for  the 
perciilorates  ;  the  heating  was  carried  out  in  two  operations,  each 
lasting  four  hours,  the  first  to  150'^  and  the  second  to  260°.  The 
metal  was  estimated  by  the  usual  sulphate  method. 

The  specific  gravity  determinations  were  made  in  capped  specific 
gravity  bottles  with  carbon  tetrachloride  as  displacing  liquid ; 
ike  solubility  detenntnationB  were  carried  oat  with  20  c.c.  of  the 
saturated  solutions. 

JimbkUum  JodaU,  BbIOf.>^This  salt,  as  well  as  the  corresponding 
caesium  ODOipeand,  was  first  prepared  by  Wheeler  (Amer.  J.  Set.,  1902, 
[iiijf  44, 123)  by  adding  iodic  anhydride  to  solutions  of  the  carbonates. 
A  good  yield  is  obtained  by  passing  chlorine  into  a  hot  concentrated 
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solution  of  a  mixture  of  rubidium  iodide  and  hydvoacidOi  whereby 

the  sparingly  soluble  iudaio  id  precipitated  : 

Specific  gravity  at  U'^;!^  =  4'659.    Mol.  vol.  =57-14. 

Solubility :  100  parts  of  water  dissolve  2*1  parts  at  23°  (Wheeler). 

Caesium  lodaU,  CelOg. — ^Thia  salt  was  prepared  io  the  same  way  as 
the  rubidium  compound : 

Specific  giavity  at  Wli""  -  4*831.   Mol.  vol «  63*68. 

Solubility :  100  parts  of  water  dissolve  2*6  parts  at  24^  (Wheeler). 

The  iodates  of  potassium,  rnbidiumi  and  osaeium  form  an 
isomorphotts  group,  crystallising  in  what  appear  to  be  cubeS)  but 
which  are  really  made  up  of  four  monoclinic  sub-individualsi  iuter- 
peuetratingly  twinned. 

FotassiuNL  periodaU,  KIO^,  is  readily  prepared  by  oxidising  the 
iodate ;  a  suitable  method  is  to  pass  chlorine  into  a  hot,  strougly 
alkaline  solution  of  the  iodate  (Rammelsberg,  Ann.  Phya.  Chem.j 
[ii],  134,  368) ;  the  very  sparingly  soluble  pehodate  separates 
in  tetragonal  bipyramids  *  : 

0-3080  gave  0*310G  Agl.    I  =  54-5. 

KIO^  requires  I »  55*1  per  cent. 

Specific  gravity  at  1574^'  -  3*618.   Mol.  vol. »  63*60. 

Solubility :  100  parts  of  water  dissolve  0*66  part  at  13^,  and  the 
specific  gravity  of  the  saturated  solution  at  13**/4**  is  1*0061. 

Rubidium  periudate,  RblO^,  has  not  previously  been  obtained.  It 
was  prepared  by  the  method  mentioned  above  for  the  potassium 
compound.  The  precipitated  crystals  were  washed  and  recrystaliised 
twice : 

0  3090  gave  0  2664  Agl.    1  =  46  6. 

0-4045    „    0  1930  RbaSO^.    Rb  =  30-54. 

BblOf  requires  I »  45*9 ;  Kb»30*di  per  cent. 

The  high  value  for  iodine  and  the  low  value  for  rubidium  point  to 
the  presence  of  a  small  amount  of  potassium.  The  salt  forms 
beautiful,  colourless,  tetragonal  crystals,  strictly  isomorphous  with  the 
potassium  compound : 

Specific  gravity  at  1674°=  3-918.    Mol.  vol  =  70  5G. 

Holubility  :  100  parts  of  water  dissolve  0*65  part  at  13^,  and  the 
specilic  gravity  of  the  saturated  solution  at  16  /4^  is  1*0052. 

*  Potassium  prriodate  was  stutcd  by  Banimelsberg  to  be  orthorhonibic  and  isO' 
inorjthous  with  the  perchlorate,  but,  in  spite  of  all  elTorts,  the  luitlior  did  not 
siucf.ed  in  obtaiiiitij,'  an  oithorhoml.io  modification,  so  ho  comTuuiiicated  with  Piof. 
Groth,  oi  Munich,  who  furtunatuiy  had  in  his  possession  the  preparation  originally 
meuored  by  Bammelsbvrg.  Prof.  Groth  kindly  liad  the  crystaU  aualyaed,  and  they 
were  foond  to  contalo  no  tnwo  of  iodtno^  being,  in  fact,  pnctically  poro  potaninm 
perohloiate. 
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CaitUm,  pmodaU,  CbIO^  was  first  prepared  by  Wells  (^msr. 
Cilsm.  J,t  1901,  26,  278)  by  neatralisiDg  periodic  acid  with  cnsiom 
carbonate.  Tbesalt  may  also  be  prepared  by  the  chlorine  method, 
bat  the  yield  is^by  no  means  good,  madi  iodate  precipitating  with  the 
crystals  of  the  periodate ;  the  balk  of  the  author's  salt  was  therefore 
obtained  by  Wells's  method  : 

0-4601  gave  0-3321  AgT.    I  =  39  02. 

CsIO^  requires  Is 39 '20  per  cent. 

Ctesium  periodate  is  fairly  soluble  in  water,  and  crystallises  in  well- 
de&oed  plates  belonging  to  the  orthorhombic  system,  and  is  therefore 
not  isomorphons  with  the  potassium  and  rabidiam  compounds  : 

Speeiilc  giavity  at  ISP/i"^ »  4*259.   MoL  vol. »  76*04. 

Solubility :  100  parte  of  water  dissolve  2*15  parts  at  15^,  and  the 
spedfie  gravity  of  the  saturated  solution  at  15^/4^  is  1*0166. 

Ammonium  periodate,  NH^IO^,  was  obtained  by  neutralising  a 
solution  of  periodic  iitid  prepared  by  Wells's  method  {loc.  cit.)  with 
aqueous  ammonia;  the  salt  is  isomorphous  with  the  potassium  and 
rubidium  compounds: 

Specific  gravity  at  1874^  =  3*056.    Mol.  vol.  =  68-39. 

Solubility:  100  parts  of  water  dissolve  2  70  parts  at  16°,  and  the 
specific  gravity  of  the  saturated  solution  at  16^4°  is  1-0178. 

^SsdNuisiwrtodlalSyKalO^,  crystallises  in  two  forma :  one  anhydrous, 
isomoiphons  with  the  ammonium  salt;  the  other  with  3  molecules  of 
water,  in  the  rhombohedral  system : 

Spedfie  gravities :  KalO^  at  1 674°  -  3*865.   Mol.  vol.  -  55*37. 

NaI0„3aq.  at  1874°-3*219.    Mol.  vol. - 83*28. 

The  periodatea  of  potassium,  rubidium,  ammonium,  sodium,  as  well 
as  of  silver  and  lithium  (according  to  Rammelsberg)  form  therefore  an 
i>omorphous  group,  crystallising  in  the  tetragonal  system.  The  group 
is  interesting,  not  only  because  the  majority  of  the  elements  iu  the 
first  group  of  the  periodic  classification  are  represented,  but  also 
because  the  crystalline  form  is  extraordinarily  similar  to  that  of  the 
minerals  of  the  scheelite  group.  The  cause  of  this  if,  no  doubt,  to  be 
found  in  the  similarity  of  the  type  of  composition,  KlOfyCaWO^,  just 
as  it  is  in  certain  other  pairs  of  compounds,  for  example,  calcium 
esrbonate  and  sodium  nitrate,  and  potassium  perehlorate  and  barium 
sulphatOb 

The  author's  thanks  are  due  to  Prof.  H.  A.  MierF,  in  whose 
laboratory  the  above  work  wae  carried  out. 

KnntBALoeioAii  DarARTMSKT, 
(TiiivrauuTr  Mussim,  • 
Oxroan. 

VOL,  XCllI. 


0 

Digitized  by  Google 


18    DIXON  AND  TAYLOa ;  ACYLOQElS^S  AND  THIOOAI^AMIDES. 


III. — Acylogens  and  Tkiocarhamides* 
AvousTO  BowAU>  Dizov  and  Jobh  Tatlob. 

It  has  been  shown  in  previous  communifsations  (Dixon  and  Taylor, 
Trans.,  1^07,  91^  912;  tee  also  X)izon  and  Hawthorne,  HM,,  122) 
that  the  reaefeion  between  certain  well-defined  acylogens  and  thio- 
carbamide,  or  its  aryl  monosubstitution  derivatives,*  leads  to  the 
production  of  halogen  salts  derived  from  iminothiocarbamio  acid> 
thus: 

(i)  NHs*0S*NH,+K*0OCl=HCa+NHj-C(NH)-S*COE ; 

(ii)  ArNH*OS*NHj + R-OOOl  -  HOI  +  ArNH*C(NH)-S-0OR. 

As  a  rule,  salts  of  class  (i)  are  easily  hydroly.sed  witli  le^'eneration 
of  thiocarbamide,  but  undergo  molecular  change  when  heated,  the  acyl 
group  becoming  associated  with  one  of  the  nitrogen  atoms  to  form  an 
acyl-flubstituted  thiocarbamide  : 

NH/C(Nn)-S-0OR,HCl       HOl  +  RCO-NH'CS-NHj. 
Those  of  class  (ii)  are  distinctly  more  stable,  yielding,  by  cautious 
withdrawal  of  the  combined  halogen  acid  in  the  cold,  a  substance  having 
the  empirical  formula  of  the  corresponding  basci  namelji 

ArNH*C(KH)S*COR. 
llhis  substance,  however,  is  not  the  base,  but  an  isomeride, 

RCO-NAr'CS-NU.^; 
the  acyl  group,  as  soon  as  the  halogen  acid  is  neutralised,  parting  from 
the  sulphur  to  become  associated  with  that  nitrogen  atom  which 
already  holds  in  combination  a  Iiydrocarbon  radicle. 
Under  the  influence  of  heat,  or  of  a  dilute  alkali  (compare  Hugers- 

*  Although  in  many  reactions  tliiocarbamide  behaves,  not  as  CSINII,)^,  but  as 
iminothiocsrlNunic  add,  NH:C(SH)*XU2,  and  the  like  is  true  as  regards  a  large 
number  of  its  snbttittttlon  dtriYfttiyes,  yet  in  the  pnaent  paper  (eave  when  a 
definitely  establiihed  stmotnre  forbids)  they  are  all  represented  on  the  tbiocarb- 
amide  type,  and  named  accordingly.  This  usage  is  adopted,  however,  not  to 
express  any  view  as  to  their  respective  constitutions,  but  solely  to  avoid  the  clutiisi* 
Uf'ss  of  nttaehing  two  or  more  names  and  loimul.t'  to  a  sin<:^le  compound.  For 
insUnco,  the  so-called  phenylthiocarbaniiJe,  PuNlI'CS'NHj,  may  react  as 
PbK:C(8Il)*NH3,  ora8PhNU*C(SU):NH  ;  possibly,  ako,  as  a  true  thiocarbamide; 
or  it  may  be  a  thiocaibamide  in  the  static  condition.  The  od^dienbotitnted  thio* 
earbamide*,  it  wonld  seem,  are  capable  of  reeotiog  In  three  different  forms,  aooovding 
to  ciroomstances ;  if "  the  constitation  of  a  compound"  is  to  be  infenod  from  ita 
chemical  behaviour,  it  is  nnt  easy  to  jud^,  in  a  oaae  like  this»  how  any  MTO  a 
conventional  nonjcnclature  i.s  to  be  applied. 

The  present  bein<{  principally  a  descriptive  ]»apor,  the  authors  desire  to  confine 
themadroi  to  tho  experimental  results,  uud  to  the  above  statement  of  the  conveu* 
tion  reepecting  names  and  formnbe. 
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hoff,  JBw.,  1899,  32, 3649),  the  first  iotramolecolar  movement  of  the 
acyl  groap  is  followed  by  a  seoond;  thif  time  to  tlie  remeining 
nitrogen  ttUnn,  where^  in  the  configuration : 

ArNH-CS-NH-COR, 
the  acyl  radicle  appears  to  have  reached  a  position  of  ma-yimnm 
stabilitT. 

These  statemcDts  outline  in  a  merely  approximate  way  the  main 
results  hitherto  obeerved.  Deviations  of  Tarioos  Boris  occur;  for 
eiample,  in  eerlain  cases,  the  bensoyl  group,  when  liberated  from  the 
eolpliar,  moves  so  readily  to  the  non-substituted  nitrogen  atom  (to 
fonn  an  a6-disabttitated  thiocerbamide)  that,  although  the  ezistenoe 
of  an  oa-form  was  recognisable  {he,  eU.)  through  the  ohanusteristtc 
rseetion  whersby  thioejanic  acid  is  produced, 

ArKAc-CS'Naj  +  KOH-.KSON+ ArNHAc  +  HgO, 
liie  movement  could  not  be  arrested  at  the  substituted  nitrogen  atom 
long  enough  to  {)ermit  of  the  isolation  of  the  aa-compound. 

On  the  other  hand,  in  the  case  of  the  acyl  groups,  -CO^Me  and 
•CO_Et,  the  electronegative  character  of  which  is  somewhat  feeble, 
the  hrat  tran.sfer  from  sulphur  to  nitrogen, 

PhNH  C(NH)*S*(X)sMe  ^  PhN(00^e)*CS*NH9 
is  hionght  about  Tory  readily,  whilst  the  second,  to  produoe 

PhNH-CS-NH(C02Me), 

could  not  be  accomplished;  a  failure  the  more  remarkable,  con- 
sideiing  that  by  other  means  the  synthesis  of  the  adnsompound  presents 
no  difficulty. 

It  may  be  noted,  too,  regarding  the  behaviour  of  compounds  such  as 
PhNH'0(KH)«8*00AH0I,  that  it  is  not  a  matter  of  indifference 
wheiher  Uie  radide,  R,  be  fat^jor  benzenoid ;  for,  in  the  ktter  case, 
on  the  withdrawal  by  alkali  of  the  combined  hydrogen  chloride,  no 
eo-thiocarbemide,  PhK(00,Ar)-GS*NHg,  is  formed,  but^  instead, 
dsoompoaition  ooours  with  produetioli  of  carbon  dioxide,  the  phenol, 
ArOH,  and  phenylthiocarbimide. 

Beyond  the  facts  here  roughly  indicatsd,  our  knowledge  of  the 
behaviour  of  acylogens  with  thiocarbamides  does  not  extend  very  far  ; 
interesting  work  has  lately  been  earned  out  on  the  alkyl-i/r-thio- 
carljamides,  derivatives  of  the  type  ]Slij-C(Nll)'SAlk,  but,  for  the 
preseut  purpose,  it  ia  uuncxehsai'y  to  particularise  the  coaclusiuiis. 

In  this  cammunication,  the  writers  give  the  results  of  au  inquiry 
directed  mainly  in  order  to  learn  (i)  the  effect  of  using  an  acylogen 
the  acid  radicle  of  which  contains  a  second  halogen  element,  and  (ii) 
the  behaviour  of  certain  acylogens  towards  thiocarbamides  containing 
non-aromaUc  substituting  radicles. 

c  2 

■ 
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EXPKKIMBJNTAL. 

a-Bromopropumyl  Bmmide  and  FhmtyUhioeairhamitk, 

If  tho  reaction  between  these  substances  is  analogous  to  that 
wliere  ordinary  alkylogens  are  concerned,  it  must  proceed  primariiy  as 
follows : 

PbNH«qNH)-S*00*OHfir*OH„HBr. 

On  the  other  liand,  when  halogeuised  radicles  are  presented  for 
combination  with  the  nitrogen  of  a  thiocarbamide,  ring-closing 
frequently  occurs  with  elimination  of  halogen  acid  ;  thus,  for  example, 
Hirsch  has  shown  (Ber.t  1890,  23,  971)  that  methylthiocarbimido 
yields  with  ^-bromopropylamine,  not  the  expected  methylbromo- 
propylthiocarbamide,  CTIp-NH-CS-NH-CH./CHBr'CH,,  but,  instead, 
the  hjdrobromide  of  an  isomeric  ring-compound, 


CH3-NH- 


This  action  may  obviously  be  represented  by  supposing  the 
thiocarbamide  first  to  be  produced,  and  then  to  be  changed  into 

■j^  CH 

the  labUe  or  tautomeric  form,  CH-'NH'C^^,^.  X.A,  «  *  whence,  by 

loes  of  the  elements  of  hydrogen  bromide,  the  above  ring-oompoaQd 
would  result. 

In  like  manner,  if  phenylthiocarbamide  were  first  to  yield  with 
a-bromopropionyl  brcMnide  the  product  already  formulated,  this  might 
easily  transform  itself  into  a  ring-form,  thus : 

Experiment  gave  the  results  described  below. 

Vigorous  action  took  place  on  mixing  the  constituents,  dissolved  in 
molecular  proportions,  in  warm  acetone,  and,  on  cooling,  small,  white, 
glistening  plates  were  deposited,  giving  with  water  a  clear  acid 
solution.  When  heated  in  a  narrow  tube,  the  solid  darkened  slightly 
at  215^,  shrank  at  230^,  and  melted  with  efEervescenoe  and  charring 
at  238—239^  (uncorr.)* 

From  the  solution  in  water  or  alcohol,  no  picrate  could  be  obtained, 
from  whidi  it  seemed  improbable  that  a-bromopropionyl-^-phenyl- 
thiourea  hydrobromide,  FhKH*C(NH)*S-CX>«OHBr*CH„HBr,  had 
been  formed ;  neither  did  the  solution  in  concentrated  alkali  yield  any 
trace  of  red  coloration  when  acidified  and  treated  with  ferric  chloride ; 
hence  there  was  uo  reason  to  suppose  that  inigration  of  the  aoyl 
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group  bad  occurred  with  production  of  oa-bromopropiony] phenyl- 
thKMsarbumide,  CHs  CHBr^CO-NFh^CS'KH,. 

A  bfomine  determinatioDy  however,  gave  figures  oonoordant  with 
the  latter  formula : 

0  366  required  IS-TS  c.c.  N/IO  silver  nitrate.    Br  =  27-75. 
C^oHj^ONoBrS  requires  Br  =  27*87  per  cent. 

Bnt  on  further  examination  the  compound  proved  to  be  a  hydro- 
bromide,  and,  since  it  was  not  desulphurised  by  boiling  with  an  alkaline 
solution  of  lead,  the  sulphur  must  evidently  be  held  in  a  dosed-ring, 
which  could  have  only  the  oonstitution  figured  above,  namelj, 

•0^^^^^  or,  the  alternative  form,  '^-^^Cg,^^*  latter  of 

theee  is  eoiroet  was  shown  by  the  fact  that  the  substance*  when 
boiM  with  baryta  water,  gave  with  hydrocUotic  add,  ferric  chloride, 
and  ammonia  the  purple  reaction  characteriitic  of  the  tMoglycolUc 
adds,  and  hence  contains  the  typical  linking :  'S'OH^'OO*. 

Ko  indication  was  observed  of  the  presence  of  any  other  product 
than  that  described,  which  was  obvlonsly  the  hydrobromide  of  one 
of  the  various  forms  of  so-called  phenylmethylthiohydantoin,  probably 

FliNIC<^l£.^Q     f  otherwise,  itT-phenyl-a-methyltbiounntoin  (see 

Dixon,  Trans.,  1897,  71,  629,  639). 

Therefore,  in  the  circumstances  given,  when  two  halogens  (one 
being  connected  with  the  CO  group  of  an  acyl  radicle,  and  the  other 
a  substituent  in  its  hydrocarbon  nucleus)  are  presented  simultaneously 
to  the  SH  group  of  PhN:C(NH2)-SH,  the  hydrogen  of  this  combines 
preponderantly,  if  not  exclusivdy,  with  the  substituent  halogen; 
hence  the  ring-formation  which  occurs  also  must  depend  mainly, 
if  not  altogether,  on  the  union  of  the  halogen  of  the  *COBr  with' 
the  hydrogen  of  an  amino-  or  imino-gronp. 

To  ascertain  whether  temperature  may  influence  dther  the  direction 
«f  the  primavy  combination  (that  is,  which  halogen  unites  with  the 
8H4iydrogen)  or  the  fact  of  ring-dosing,  the  experiment  was  repeated 
in  a  freesing  mixture  at  about  -  8^  No  substantial  difierence  of  any 
sort  was  noticed,  the  sulphur  of  the  product  appearing,  just  as  before 
to  be  linked.Boldy  as  •S«CHMe% 

Cfdwoacetyl  Chloride  and  Phenylthiocwhcmid^. 

Although,  in  view  of  the  results  deecribed  above,  there  could 
be  little  doubt  as  to  how  these  substances  would  interact,  the  experi- 
ment was  tried,  the  constituents  being  mixed  in  cooled  acetone. 
The  white  prodoet^  a  hydrochloride^  decomposed  at  230"^  with 
and  intumMoence ;  from  its  aqueous  solution,  when 
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neutralised,  a  white  solid  crystalHeed  out,  having  the  melting  point 
(177 — ITS'')  of  "  phenylthiohydautoiu,"  and  giving  the  reactiong  of 
this  compound. 

Aeeiyl  Cldoride  and  AUylihioearbamide, 

These  suluitanoea  combined  vigorously  in  presenoe  of  acetone,  the 
producti  a  white,  apparently  crystalline  powder,  melting  at  103 — 104® 
with  decompoaition  and  effervescence.  Analysis  showed  it  to  be  a 

molecular  additive  oompoimd  ? 

0'389,  dissolved  in  hot  ammonia,  gave  0*499  AggS,  and  the  filtrate 
contained  0-2822  AgCl.    S=16-55;  CI  =  17-95. 
C^HjoONgSjHCl  requires  S=  16-45  ;  Cl«  18  25  per  cent. 

The  interaction  may  be  represented  as  follows : 

(i)  C.H,.NH-CS-NH,  +  CH.-C0C1  -  ^°»^>C<^.'oO.OH,' 
and  then 

or 

(ii)  OgH5*KH*0(NH)*SH'f  CH,*0001- 

C3H5NH-C(NH)*S<IO'CH„Ha. 
Water  dissolved  the  substance  very  freely,  but  with  considerable 

decomposition,  so  that  the  corresponding  picrate,  an  orange-yellow, 
crystalline  solid,  could  be  obUined  only  in  poor  yield. 

Aclio7i  of  Caustic  Alkali. — Twelve  grams  of  the  hydrochloride  were 
dinsolvod  in  water,  and  to  the  i^olution,  without  delay,  there  was  run 
in  something  less  than  one  equivalent  of  iV73  alkali;  the  white  pre- 
cipitate was  then  collected  by  the  aid  of  the  pump.  The  filtrate, 
which  was  ntrongly  acid,  required  for  neutralisation  about  half  an 
equivalent  more  of  alkali,  and  now  contained  both  chloride  and 
acetate ;  consequently,  about  one-half  of  the  hydrochloride  had  under* 
gone  hydrolysia  with  regeneration  of  allylthiooarbamide ;  no  thio* 
eyanate  was  present. 

The  crystidline  precipitate,  free  from  chlorine,  melted  at  95 — 96"^, 
and,  when  lecrystallised  from  dilute  alcohol,  formed  brilliant  needles, 
showing  the  same  melting  point  as  before.  It  was  now  practically 
insoluble  in  hydrochloric  add,  and  its  solution  in  dilute  alcohol 
yielded  no  picrate  \  hence  the  product  did  not  ecnsist  of  the  base ; 
C3H5ira-C(NH)-8-CO-OH,. 

It  was  soluble,  however,  in  dilute  alkali,  the  solution  being  de- 
sulphurised by  heating  with  a  lead  salt;  on  the  other  hand,  when 
heated  with  s^ng  (30  per  cent.)  potassium  hydroxide,  it  gave  at  first 
a  clear  solution,  which  presently  became  turbid  owing  to  the  separation 
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of  an  oil ;  the  mixture,  whiht  reacting  intensely  for  thiocyanic  acid, 
was  but  slightly  darkened  by  boiling  with  a  lead  salt,  and  hence 
practically  all  the  contained  sulphur  had  been  eliminated  as  thio- 
cyanate,  the  oil  being  doubtless  allylacetamide.  From  the  above 
result,  it  appears  that  this  form  of  decomposition,  so  characteristic  of 
the  oa- acylarylthiocarbam ides  (see  HugershofP,  Ber.^  1899,  32,  36  tO  ; 
compare  also  Dixon  and  Hawthorne,  Trans.,  1907,  91,  133;  Dixon 
and  Taylor,  ibid,,  916),  holds  equally  in  the  oo-aoylalkyl  oUas : 

C,H5N(00-0H,)'0B*NH, + KOH- 

KSON + H,0  +  CjH^-NH-OO-CH,. 

The  above  formula  was  checked  by  analysis : 

0-316  required  40*2  e.OL  NflO  barium  dibride.  8-20*4. 
GeHjtjONgS  requires      20*25  per  cent 

It  had  now  to  be  learned  whether  this  second  form  of  acetylallyl- 
thiocarbamide  could  be  transformed,  through  migration  of  the  acyl 
group,  into  the  third,  or  symmetrical,  variety ;  that  such  is  the  case  is 
proved  by  the  result  of  the  following  experiment* 

Action  of  Heat. — A  quantity  of  the  ao-compound  was  maintained 
For  some  time  at  a  temperature  between  100^  and  105*^.  After  half  an 
boor,  the  liquidi  when  treated  with  caustic  alkali,  still  reacted  very 
atrangly  for  tbiocyanio  acid,  bat  after  lome  two  boors'  further  beating 
responded  but  feebly  to  the  test  .On  codling,  the  brown  melt 
•olidified,  and  tbe  solid,  when  twice  reerystallised  from  boiling,  dilute 
akchol,  fonned  long,  silky  needles  melting  at  73 — 74^  With  hot 
water,  the  product  yielded  an  almost  neutral  solution,  giving  no  pre- 
cipitate with  excess  of  picric  acid ;  it  was  soluble  also  in  cold  strong 
alkali,  the  eolation  being  desulphorised  by  boiling  with  a  lead  salt, 
bat  giying  with  hydrochloric  add  and  ferric  chloride  no  trace  of  red 
coloration.    On  analysis : 

0-158  gave  0  230  BaSO^.   S»  20  0. 

CeHxoON^  requires  S»  20-25  per  cent. 

This  product,  accordingly,  was  isomeric  with  the  last  described,  and 
consisted  of  «i  acetylallylthiocarbamide.  The  series  of  changes, 
starting  from  the  compound  of  aUyithiocarbamide  and  acetyl  chloride, 
may  be  summed  up  as  follows : 

C^4*NH«qNH)-S-CO-CH3,HCl  C3H5-N(CO-CH^«CS-NH, 

CjHj-NH'CSS-NH'CO-OHa. 

When  a5«oetylallylthiocarbanUde  was  cautiously  heated  somewhat 

above  its  melting  point,  the  pungent  odour  of  acetyl thiocarbimide 
became  perceptible,  and  the  iusioii,  when  treated  witii  water  and 
ferric  chloride,  gave  an  intense  blood-red  coloration.    This  behaviour 
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of  aoylated  thiooarbunideB  has  already  been  pointed  out  and  disisuflfled 
(Dizon,  TnioM.,  1906,  89,  905). 

From  the  f ovegoing  ezperimente,  it  may  be  condoded  that  when  a 
fatty  acylogen  reaots  with  a  monosnbatitated  thiocarbamide  the 
general  behavionr  of  the  prodnot,  as  regards  intramolecular  move-, 
ment  of  the  contained  add  radide,  is  independent  of  whether  the 
Bubetitnting  group  of  the  thiocarbamide  is  cydie  or  otherwise.  It 
remained  for  experiment  to  show  how  acetyl  chloride  wotdd  bdiave 
with  a  disubstituted  thiocarbamide  containing  the  allyl  group. 

Ae$lyl  CMoride  and  sib-PhenyUUljflthiaoarbamids. 

When  acetyl  chloride  was  added  in  slight  excess  to  phenylallyl- 
thiocarbamide  dissolved  in  waiiu  benzene,  a  clear,  yellow  oil  was 
precipitated,  showing  even  after  long  keeping  no  tendency  to  become 
solid.  The  product,  a  hydrochloride  (containing  a  trace  of  phenyl- 
thiocarbimide),  was  rather  sparingly  soluble  in  water,  but  easily 
so  in  alcohol,  the  latter  solution  yielding  with  alcoholic  picric 
acid  a  picrate,  crystallising  in  long,  transparent  needles,  resembling 
monoclinic  sulphur  in  colour  and  appearance,  and  melting  at 
164—155°  (corr.). 

With  dilute  caustic  alkali,  the  aqueous  solution  of  the  hydrochloride 
gave  an  oil,  soon  changing  to  a  crystalline  solid  ;  the  latter,  after  two 
recrystallisations  from  boiling  dilute  aloohd,  separated  in  needles 
mdting  at  117 — 118°  (corr.).  The  product  was  slightly  alkaline; 
when  treated  with  hydrochloric  add,  it  yielded  again  the  oily 
hydrochloride,  and  then  in  turn  the  picrate :  hence  it  was  plain  that 
the  acetyl  group,  if  united  originally  to  sulphur,  had  not  undergone 
the  usual  movement  to  a  nitrogen  atom,  since  in  that  case  the  bade 
character  would  have  been  lost.  Moreoyer,  that  the  acetyl  group  had 
not  remained  attaehed  to  sulphur  was  evident  from  the  facts^  that  on 
boiling  the  base  with  eaustic  alkali  and  a  lead  salt  the  mixture  was 
not  darkened,  and  that  the  alcoholic  solution  gave  with  diver 
nitrate  a  white  precipitate,  sparingly  soluble  in  ammonia  and  showing 
no  sign  of  desulphurisation  when  boiled  with  it. 

Boiling  with  concentrated  nitric  acid  failed  to  produce  aiiy  detecbiibie 
amount  of  sulphuric  acid ;  nevertheless  the  compound  contained 
sulphur,  for  on  ignition  with  zinc  filings,  metallic  sulphide  was 
obtained,  and  by  fusion  with  caustic  alkali  and  nitre,  alkali  sulphate. 
The  sulphur  therefore  must  form  part  of  a  ringj  from  which  it  was 
inferred  that  the  acetyl  group  had  probably  gone  to  saturate  the 
allyl  group,  in  which  case,  ring  formation  could  easily  occur  in  either 
of  the  following  ways : 
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(t)  PiiNfi-OS-NH-OH/CH:CH,+  AcCl« 

PbKH-OS*NH-OH,*OHAc-GH,Cl, 
if  now,  M  usual,  the  chlorine  and  tbe  SH-hydrogen  interact^ 

(ii)  PhNK-CS-NH-CH,-du:Cja,  +  AcCl  = 

PliNH-QS-NH-CHj-CHCl-CHjAc ; 

whence,  as  before, 

PhNH-0<^~"^^!,,       .    -  HCl+PhNH-C<rV"2 

oH  GfiCrCHjAc  o-vIi*CJS|Ac 

AaalpoB,  however,  failed  to  snbstantiate  this  yiew,  for : 

0*30  gave  24*6  ce.  moist  nitrogen  at  IS^  and  748  mm.  N«14*7> 

whilst  the  compoonds  jost  formnlated  would  require  N»  11*97  per 

oent. 

The  percentage  of  nitrogen  found  agrees  closely  with  that  calculated 
for  phenylallylthiocarbamide  itself,  namely,  14'58,  and  a  comparison 
of  the  properties  of  the  product  with  those  of  the  isomeride  of  phenyl- 
&UylUiiocarbaimde»  "  A^-phenylpropylene-i/r-thiourea/' 

PhNH-C<g.^g;^g^, 

obtained  by  Ptager  {Ser.f  1889,  22, 2993)  from  the  first-named  and 
eoncentrated  bydrochlorio  acid  at  100^,  shows  them  to  be  the  one 
compound.  Fnger  gives  for  the  melting  points  of  base  and  picrate, 
117^  and  154^  respectively ;  the  authors'  figures,  as  stated  above,  were 
117— 118^  and  154— 155<>. 

If  the  meebamsm  of  this  unexpected  change  operates  as  supposed, 
the  chlorine  of  the  acetyl  chloride  must  have  united  primarily  with  the 
middle  carbon  atom  of  the  alljl  group  as  represented  in  case  (ii) 
above  ;  here,  by  the  simple  exchange  of  hydrogen  for  acetyl,  however 
this  be  couditioned,  the  propylene  coutiguratiou  would  result : 

PhHH-C<^*V^2  PhNH-Cf<^'5"- 

Considering  that  allylthiooarbamide  reacts  with  hydrochloric  acid 
at  lOO^in  predsely  the  same  way  as  does  phenylallylthiocarbamide  (that 

N*CH 

is,  propylene-^tbiourea  is  formed,  KHa'C<^^_^jj^^jj    see  Gabriel, 

Ar.,  1889,  22,  2985),  it  seems  curious  that  the  two  should  behave  bo 
differently  with  acetyl  chloride. 

The  question  naturally  arising  whether  an  acylogen  less  electro- 
negative than  acetyl  chloride  would  behave  similarly  to  the  latter,  the 
alkyl  chiorocarbooates  were  selected  for  the  purpose  of  experiment. 
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Slight  excoss  of  methyl  chlorocarbonate  was  added  to  a  gently 
warmed  solution  of  phenjlallylthiooarbamidc  in  acetone.  No  heat 
was  evolved,  nor  did  the  mixture  bocome  turbid,  but  on  evaporation  at 
the  ordinary  temperature,  beautiful,  large,  vitreous  prisms  were  ob- 
tained ;  after  being  well  washed  with  ether  and  driedi  they  melted 
with  copious  effervescence  at  about  87^ 

The  product  diaaoWed  in  sulphurio  acid  with  frothing  and  evolution 
of  hydrogen  ohloride.  On  analysis : 

0*3006  required  10*6  e.e.  iV/10  silver  nitmto.  01-12-4. 

Cig^H^s^aSjHOl  requires  01-13*39  per  cent. 

About  88  per  cent,  of  the  theoretical  yield  was  obtained.  The  gas 
expelled  by  heating  the  hydrochloride  proved  to  be  carbon  dioxide  ; 
by  maintaining  the  heat  cautiously  until  the  effervescence  ceased,  an 
oily  residue  was  obtained,  the  solution  of  which  in  water  gave  with 
caustic  alkali  a  white,  oily  precipitate  having  a  strong  odour  of 
mercaptan  and  yielding  with  a  lead  salt  the  yellow  lead  mercaptide. 
The  chlorocarbonate  residue  therefore  had  become  attached  to  the 
sulphur  atom  (and  not  to  the  allyl  group),  the  change  by  heat  pro- 
ceeding thus  : 

CgH5-NH«C(N'CeH4)-8*CO,-CH3,HCl  = 

CO, + 0,Hj-NH-C(N-C,Hg)-S-0H„H01. 

Jeltdn  of  WaUr  m  ih$  ffydroMmde, — ^When  added  to  water,  the 
hydrochloride  yielded  a  very  acid  solution,  which,  if  treated  at  once 
with  piorio  acid,  gave  the  bright  yellow  picrate ;  with  caustic  alkali, 
it  furnished  a  white  precipitate,  soluble  in  ezcees,  the  solution  having 
a  distinct  odour  of  mercaptan,  and  undergoing  desulphurisation  when 
heated  with  a  lead  salt.  On  the  other  hand,  the  aqueous  solution, 
when  kept  for  a  short  time,  became  turbid  (the  same  change  occurred 
at  once  on  warming),  owing  to  the'separation  of  an  oil,  soon  changing 
to  a  crystalline  solid  ;  the  li(|uor  from  this,  when  treated  with  picric 
acid,  yielded  no  precipitate,  neither  did  caustic  alkali  give  any  pre- 
cipitate or  ''produce  the  odour  of  mercaptan ;  when  the  alkaline 
mixture  was  treated  with  a  lead  salt,  no  mercaptide  was  formed,  but 
desulphtirisation  occurred  on  warming  : 

The  material  precipitated  by  the  action  of  water  on  the  dissolved 
hydrochloride  contained  no  clilorino  and  had  lost  all  basic  propertieis ; 
it  was  now  insoluble  in  dilute  hydrochloric  "  acid,  and  did  not  yield  a 
picrate.  When  recrystallised^  from  dilute^  alcohol,  it  formed  long, 
colourless  prisms,  melting  at  62 — 83°  without  effervescence.  The 
solution  in  caustic  alkali  gave  no  mercaptan  on  heating,  and  when 
miaced  with  a  lead  salt  was  slowly  desulphurised  by  boiling. 
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Tbeee  pbenomeiui  are  so  nearly  in  accordance  with  fchose  observed 

for  the  compounds  of  ethyl  chlorocarbonate  with  phenylthiocarbamide 
and  its  congeners  (Dixon  and  Taylor,  loc,  cii.)  ag  to  leave  no  doubt 
that  all  belong  to  the  samo  class. 

What  occurs  therefore  in  the  attack  by  water  may  be  explained  as 
follows.  Dissociation  of  the  hydrochloride  takes  place,  the  hydro- 
chloric acid  passing  into  solution]  with  liberation  of  the  free  basCi 
either  carbox7methyl-^-n-phen7i-i^>aUylthiourea, 

C,Hs-NH«C(NFh)«S-00tM6, 

or  its  tautomeride,  carboxymethyl-K-phenyl-^-n-ailyltluourea, 

PhNH*C(N*0,H5)*S-0Oj|Mek 

wldoh  is  nniUtble  in  presence  of  water,  probably  by  reason  of  the  feeble 
attraction  between  sulphur  and  the  acidic  group.    In  a  case  snch  as 

this,  at  least  so  far  as  we  yet  know,  if  neither  of  the  nitrogen  atoms 
of  the  thiourea  be  substituted,  the  acid  group  simply  leaves  the 
molecule  by  hydrolysis,  whereupon  the  corresponding  thiocarbamide 
is  regenerated  ;  but  if  one  be  substituted,  the  acyl  group  now  moves 
to  it,  and  there  becomes  attached,  so  as  to  produce  an  aa-disubstituted 
thiocarbamide.  In  this  particular  instance,  where  both  nitrogen 
atoms  are  substituted  by  different  radicle?,  the  acyl  group  might 
become  attached  to  either,  or  distributively  to  both  ;  it  was  observed, 
however^  that  in  the  attack  by  caustic  alkalii  phenylthiocarbimide 
WIS  slwajs  produced,  a  fact  which  gives  some  clue  to  the  position  of 
the  phenyl  group.  For,  when  caustic  alkali  decomposes  an  ckx-di- 
Bobstitnted  acidic  thioearbamide,  t^o  intenustion  takes  place  almost 
qouititatively  as  follows : 

AcArN-CS-NHj-  AcArNH  +  HSCN. 

That  is,  of  the  two  hydrogen  atoms  available,  one  goes  to  form  sub- 
itiiated  amide,  the  other  3rielding  H'NCS,  a  compound  which  does 
not  exist  as  such  in  contact  with  water,  but  passes  rapidly  into  the 
form,  H*SCN.  If  the  behaviour  of  a  trisubstitated  derivative  is 
similar,  then,  when  the  one  remaining  hydrogen  atom  has  passed  over 
to  the  disnbstitiited  nitrogen  atom  to  form  the  oorresponding  amide, 
there  remains  only  OSK'R,  a  thiocarbimide,  the  radlde,  B,  being 
that  originally  associated  with  the  hydrogenised  nitrogen.  Since,  then, 
in  the  above  decomposition,  phenylthioearbimide  is  produced  (no 
thiocyanie  acid  eoold  be  detected),  there  is  at  least  some  groond  for 
supposing  the  composition  of  the  parent  compound  to  be  i 

OgH5-N(CO,Me)-CS-NH-CoHj, 

unless  it  be  the  isomerie  (or  tmttomsrto)  thiourea,  from  which  at 
pWBBBt  there  Is  no  means  of  distinguishing  it. 
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To  cheek  the  compontion  of  the  supposed  trisubetituted  derivative, 
it  was  analysed : 

0-250  gave  0  239  BaSO^.    S=  13-1. 

CjjHj^OjN^  requires  S  =  1 2  80  per  cent. 

Etkffl  Chlaroeafhonate  tmd  Phsnj/taUyUhioearhamida, 

By  operating  as  described  in  the  last  case,  precisely  similar  results 
were  obtained,  the  end  product  being  a  crystalline,  white  hydro- 
chloride, Tnelting  with  eServescence  (due  to  the  escape  of  carbon 
dioxide)  at  96"^ ; 

0*601  required  19-7  c.c.  iV710  silver  nitrate.    01 » 11*6. 
Oi^Hi^OgNsSfHOl  reqoires  a  - 11*81  per  cent. 

In  all  respeots  save  one,  the  properties  of  this  hydrochloride 
resembled  those  of  the  preceding,  and  hence  need  not  be  deseribed  in 
detail.  The  one  point  oi  difference  was  that  the  oily  precipitate,  which 
separated  from  the  aqneous  eolation  of  the  hydrochloride,  did  not 
solidify,  even  after  remaining  for  some  time  at  —  8°  and  then  for  six 
months  in  a  vacuum  desiccator.  Otherwise  it  resembled  the  methylic 
homologuc,  being  gradually  desulphurised,  for  example,  by  hoi 
alkaline  lead  tartrate,  without  yielding  any  odour  of  mercaptan. 
Trisubstituted  thiocarbamides,  containing  hydrocarbon  groups,  are 
not  desulphurised  readily,  if  at  all,  by  this  treatment ;  it  is  probable 
therefore  that  the  change  mentioned,  which  is  markedly  slower 
than  in  the  case  of  the  parent  phenylallylthiocarbamide,  is  due  to  the 
withdrawal  of  the  contained  acyl  group  by  means  of  the  alkali. 

On  analysis,  the  oil  gave  the  following  result: 

0*2664  yielded  0*232  BaSO^.    S  - 12*0. 

Oifiifi^fi  requires  8- 12*12  per  cent. 

Hence  it  was  a  form  of  carboxyethylphenylallyltbioearbamide. 

In  addition  to  the  above,  a  number  of  eaqseriments  were  oonducted 
with  the  view  of  learning  whether  union  could  be  effected  off  (1)  benzyl 
chloride  with  acetylthiocarbamide,  and  (2)  acetyl  chloride  with  benzyl- 

^-thiourea,  thus : 

AcNH-CS-NHo  +  aH-Cl  =  AcNH-C(NH)-S-C7H-,HCl ; 
NH,-C(Nn)-S-cX  +  ^cCl  =  AcNH-C(NH)-SC,H7,HCl, 

and  if  so,  whether  the  products  would  be  identical  or  would  differ 
from  one  another,  owing  to  the  occurrence  of  tautomeric  forms. 

Both  these  combinations,  it  was  found,  could  easiiy  be  effected, 
the  latter  occurring  vigorously  when  the  constituents,  dissolved  in 
cold  acetone,  were  mixed  together ;  in  each  case^  a  white,  crystalline 
hydrochloride  was  isolated,  and  shown  by  analysis  to  be  an  additive 
oompound.  From  each  hydrochloride,  too,  ^  corresponding  base  wa9 
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libeittted»  tlia  salphnr  oontento  of  which  agreed  closely  with  the  figures 
ealcnlated. 

KeffvrtlieleeSy  eoeh  oooeiderable  wiatfons  oi  melting  point  were 
eoeoantered  amongst  the  hydrochlorides  that  no  definite  oondiuion 
could  be  drawn  as  to  their  identity  or  otherwise,  and  the  same  was  true 

regarding  the  b^i^es.  The  melting  points  of  tho  latter  were  generally 
wanting  in  sharpness,  overlapping  one  another  somewhere  in  the  neigh- 
bourhood of  140°;  by  recrystallisation  (during  which  benzyl  mercaptan 
was  freely  evolved),  they  could  bo  made  to  coincide  at  210 — 211^,  the 
product,  acetylcarbamide, resulting,  no  doubt^from  the  acetylcjanamide 
formed  by  loss  of  benzyl  mercaptan : 

AcNH*C(NH)«S«C7H7 »  C^H^-SH  +  AcKH«ON« 

The  compounds  being  so  unstable  that  there  seemed  little  prospect 
of  isolating  them  in  a  really  pure  condition,  the  experiments  in  this 
direction  were  uot  pursued  ^  it  may  perhaps  be  added  that  continued 
work  with  benzyl  mercaptan  is  very  disagreeable. 

With  benzyl thiocarbamide  in  acetone,  acetyl  chloride  gave  a  white 
hydrochloride,  which  became  pasty  even  when  kept  in  a  desiccator, 
and  had  an  odour  of  acetyl  chloride.  Ferric  chloride  gave  with  the 
aqoeoos  aolution  no  trace  of  red  coloration;  but  on  treatment  with 
strong  alkali,  thiocyanic  acid  was  produced  in  abundance^  ahowing 
that  the  acetyl  groap  had  migrated  to  the  beasylated  nitrogen  atom. 
The  amount  of  material  being  amaU,  no  attempt  was  made  to  isolate 
the  flu-acetylbenaylthiocarbamide.  The  isomeric  oft-compound, 
produced  by  Werner  (Tkaas.,  1891, 69, 662)  from  benzylthiocarbamide 
and  acetic  anhydride^  gives  no  thiocyanio  acid  when  treated  with 

Summary  and  ConcltMwn. 

Briefly  pat,  the  main  results  of  the  present  inquiry  are  as  follows : 

(1)  Wlmn  an  ordinary  acylogen,  B«00«X  (X>- halogen),  unites 
with  phenylthiocarbamide^  the  product  is  a  derivative  of  phenyl- 
thiourea,  PhNH*0(NH)*SH,  having  the  form : 

PhNH-C(NH)-S-C01i. 

If,  however,  the  acylogen  contains  a  second  halogen  as  substituent  in 
the  aliphatic  nucleus,  B,  the  interaction  takes  place  differently,  the 
sulphur  atom  now  beconung  engaged,  not  with  the  carbon  of  the  CO 
groups  but  with  the  other  carbon  atom  which  originally  was  halogen- 
ised;  cooeurrently,  the  halogen  of  the  group  'CO-X  withdraws 
hydrogen  from  the  non-phenylated  nitrogen,  and  ring-dosing  ooours 
with  production  of  a  substituted  **  thiohydantoin." 

(2)  Acetyl  chloride  behaves  with  .allylthiocarbamide  precisely  as 
with  monosulMtitnted  arylthiocarbamides,  yielding  a  hydroehloride, 
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OgU^*NEl*C(NH)*SAc,H01,  the  acetyl  group  of  which  nuty  be  caueed 
to  migfftte  within  the  molecule  00  as  to  yields  first, 

and  then  0,H5*NH*OS*NHAo ;  the  latter  oompoimds  melt  at  06^  and 

74**  respectively. 

(3)  With  oi-phenylallylthiocarbamide,  acetyl  chloride  yields 
**  if-]^ylpropylene>-thioni«a;' PhNfl-0<g  1^^        the  acetyl 

group  being  eliminated. 

(4)  a6-Phenylaliylthio€arbamide  unites  with  metbyl  chloro^' 
carbonate  to  form  a  hydrochloride,  probably 

p,H,*NH'C(NPh)-S-00^Me,H01 ; 

by  mere  dissoltitton  in  water,  this  substance  loses  hydrogen  chloride, 
the  carbozymethyl  group  thereupon  oiigrating  to  yield  a  trisubatituted 
thiooarbamide^  probably  0,H5*N(0O,Me)-0S-NHPh.  With  ethyl 
chlorocarbonate,  similar  combinations  are  obtained. 

ClIBMICAL  DEPAUTilRMT, 
QURSN'S  Ck>LLKOB| 
COKK. 


IV. — Condensation  of  Ketones  Containing  the  Group 
•CIIa'CO'CH:  with  Esier^  in  Fresence  of  iSodiuni 
Ethoodde. 

By  Keuxnald  W.  L.  Clarke,  Autiiuu  Lapwo&th,  and  Elk  an 

Wecuslse. 

Thb  acetoacetic  eater  condensation,  in  its  most  general  form,  is  that 
which  occurs  when  a  carbozylic,  nitrous,  or  nitric  ester  (class  E) 
is  brought  into  contact  with  a  ketone^  carbozylic  ester,  or  nitrile 
(class  K)  containing  the  group  :OH«CO-,  or  lOH'CK,  in  presence  of 
Rodium  ethozide,  sodamide^  sodium,  or  similar  agent.  The  question 
of  its  mechanism  has  been  the  subject  of  much  controversy  and  is 
associated  with  numerous  inTestigations.* 

♦  Geuther,  Jahrc^her.,  18G3,  823  ;  ZriUsrh.  Clam.,  1868,11,  652;  Frniikland 
and  Dui.pa,  Phil  Trans.,  1866,  156,  87  j  Annaicn,  1866,  138,  204,  328;  Koll*, 
ZcitscK  f.  Clum.,  1867,  10,  637  ;  Wislic^nus,  Annalen,  1877,  186,  163;  iia«yer, 
Bcr,,  1885,  18,  3610  ;  Duisberg,  ^«r.,  1863,  16,  133  ;  Claisen  and  Lowmati,  Btr., 
1887,  aO,  061 ;  1888,  2t  1164  \  Briimms  and  Claisen,  ibid.,  1888,  21,  1182 ; 
Claisen,  ibid,,  1894,  27.  114;  1905,  88,  708;  also  Awnatmh  1893,  277,  184; 
1396,  291,  25;  1897,  297,  02;  Michael,  J.  pr.  Chcm.,  1888,  [ii],  87,  507  ;  Bcr., 
1900,  33,  3731;  1905,  81,  1922;  Ncf,  Annaicn,  1897,  298,  319;  Dicckmaiin, 
Ber.,  1900,  83,  2670;  Lapworth,  Traus.,  1901,79,  1269  ;  1902,  81,  1512;  Proc., 
1903,  19,  190. 
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In  of  all  evidence  against   it,   Claisen's  theory  of  the 

mechanism  of  the  ooadenfiatioD  {B$r.,  1887,  20,  646 ;  1888,  21, 
1154)  is  sfeiU  the  one  most  frequently  eited.  The  theory  was 
•dvmneed  at  a  time  when  the  general  rule  appeared  to  obtain  that  the 
snbetanoes  of  elass  K  (above)  must  contain  the  group  *0H|*00*|  or 
CH^'CN,  and  fell  to  the  ground  when  Dieokmann  explained  the 
apparent  abeence  of  reactivity  in  oomponnds  containing  the  group 
:GH«00%  or  :OH*CN  {Bit,,  1900,  33,  2670),  and  Perkin  and  Thorpe 
discovered  a  case  which  could  not  possibly  be  explained  by  daisen's 
proposition  (Trans.,  1900,  79,  736  and  737). 

In  the  work  described  in  the  latter  part  of  the  present  paper,  it  is 
shown  that  certain  simple  ketones  containing  the  group 

XH-CO-CHg', 

when  submitted  to  the  action  of  an  alkyl  nitrite  under  the  conditions 
which  with  other  esters  lead,  as  usual,  to  attack  at  the  'OHg'  group, 
are  affected  only  at  the  ICU*  group,  and  an  explanation  of  this  is 
afforded  readily  enough  on  general  grounds  and  in  the  light  of 
Diedunann's  experiments.  Claisen's  theory,  however,  is  not  appli- 
cable^ and  in  this  connexion  his  own  words  may  be  quoted :  Zu 
verwerf en  sand  natHrlich  alle  VorsteUungen,  mit  denen  nur  einselne, 
nicht  alio  dieser  Eeteroondensationen  erkllirt  werden "  (Bar.,  1905, 
38,  715). 

Other  views  at  the  aoetoaoetic  ester  condensation  have  assumed  a 
preliminary  conversion  of  the  compounds  of  class  K  into  their 

C-sodium  derivatives,  Na'C'CO*,  or  Na'C'CN  (Frankland  and  Duppa, 

AnnaUn,  1883,  219,  123;  Baeyer,  Ber.,  1885,  18,  36i0;  compare 
also  Michael  in  numerous  papers  already  cited),  but  recently  the 
tendency  has  grown  among  chemists  to  suppose  that  the  metallic  deriv- 
atives of  ketones,  nitriles,  iso.,  when  they  exists  are  derived  solely  from  . 
the  eoolic  forms,  and  such  is  doubtless  the  esse  with  the  solid  com- 
pounds; consequently,  efforts  have  been  made  to  explain  the  apparently 
anomalous  reactions  of  these  O-sodium  derivatives  as  involving 
additions  at  the  double  linkbg,  for  example : 

>0:d*ONa+CH,I  ~>  >OMe  (ji-ONa  — >CMe  UO  +  NaI 

I 

(Michael,  /.  pr.  Ckm.,  1868,  [ii],  27,  487 ;  1892,  [ii].  46,  205 ;  1899, 
[li],  60,  316),  or,  as  the  result  of  isomeric  change  in  pre-formed 
(^betituted  compounds : 

>c:c-o*CH3  >CMe-c:o 

(compsre  Olaieen,  Jto-.,  1905,  36,  7U,  where  such  a  change  is 
assumed  as  a  part  of  the  meohanism  of  the  acetoaoeUc  ester 
^nthens). 
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Serious  objections  can  be  urged  against  such  explanations,  and  we 
venture  here  to  draw  attention  once  more  to  what  appears  likely  to 
pioTe  the  most  satisfactory  view,  namely,  that  isomeric  change  is 
involved,  but  that  it  is  to  be  looked  for  in  the  ions  of  the  metal 
derivative  (Wislicenup^  "Tautomerie"  Ahrens'  Vcrlrdge,  897  et  teg  ; 
Knorr,  Amuilenj  1896,  293,  38;  Lapworth  and  Hann,  Trans.,  1902, 
81,  1512;  1001,  85,  48;  Lapworth,  Proc,  1903,  19,  190)  or  in 
the  sodium  derivative  itself  (Lander,  Trans.,  1903,  83,  420).  It 
may  here  be  noted  that  Brulil  has  brought  forward  some  evidence  that 
metallic  derivalives  of  camphor  cau  actually  be  isolated  in  both  the 
C-  and  O-foi  ins  {Ber.,  1904,  37,  2170). 

Apart  altogether  from  the  conception  of  electrolytic  dissociation,  the 
exceptional  lability  of  metals,  and  especially  those  of  the  alkalis  and 
alkaline  earths  as  exemplified  by  the  almost  universal  and  instanta- 
neous reactivity  of  the  metallic  salts  and  even  organo-metallic  com- 
pounds, is  sufficient  to  render  it  likely  that  they  must  be  more  labile 
than  any  other  types  of  atoms  or  groups.  Lander's  proposition  may 
usefully  be  employed  as  an  alternative  to  the  earlier  ionic  one,  being 
especially  attractive,  since  Kahlenberg's  experiments  with  the  oleates 
in  which  the  metals  exhibit  their  instantaneous  lability  in  spite  of 
the  absence  of  noticeable  dissociation. 

From  this  standpoint,  there  is,  in  solutions  of  the  sodium  deriv- 
atives of  ^ketonic  esters  and  allied  compounds,  a  virtual  or  real 
equilibrium  between  the  0-  and  (7-sodium  derivative : 

;c;coNa  :CNa-CO, 

and  this  may  be  at  once  extended  to  the  metallic  derivatives  of  other 
compounds  containiDg  the  groups  lOH'OO*,  COH*ON,  ZGH'NO],  Ac*, 
and,  where  amines  are  employed  as  catalytic  agents  in  promoting 
condensations  with  such  compounds,  then  the  ammonium  radide, 

NRgH',  may  be  supposed  to  functionate  as  a  metal.  For  convenience, 
however,  in  the  following  lines,  i\\6  univalent  metal  or  ammonium 
radicle  functionating  as  the  positive,  labile,  *'  polar  "  portion  (compare 
Abegg,  JJer.f  1905,  38,  4112  ei  seq.)  will  be  represented  by  the 
symbol  M. 

The  real  or  virtual  existence  of  C-metallic  derivatives  of  the 
compounds  of  class  K  (see  p.  30)  having  been  postulated,  a  satis- 
factory explanation  of  the  acetoacetic  ester  condensation,  a.s  well 
as  of  a  large  number  of  other  reactions  which  occur  with  the 
compounds  of  class  K  in  alkaline  media,  follows  without  difficulty. 
The  6'-metaiUc  derivatives  should  exhibit  the  characters  of  organo- 
metallic  compounds  proper,  and  a  little  consideration  of  the  facts 
shows  this  to  be  the  case,  for  the  reactions  of  the  metallic  derivatives 
of  ketones,  and  class  K  generaliy,  are  either  those  of  phenols  (enols) 
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or  of  organo-metailic  compounds,  although,  iu  the  latter  instance, 
developed  to  a  less  marked  degree*  owing  to  their  lower  potential 
consequent  on  the  moTO  "negatiTe"  ohan^ter  of  the  orgmno- 
radicle  (Michael). 

In  the  present  instance,  the  question  under  consideration  is  that  of 
the  raactiona  of  the  isomerio  ifnlorivativee  with  oarbonyl  and  cyano- 
gimi^.  Qigano-metallic  compounds  proper  are  characteriBed  by  the 
eztraordiiiary  facility  with  which  they  form  additive  oompoands  with 
sobsttnees  oontaining  the  earhonyl  group : 

>C:0  +  M- Alk  — ^  >c<2^. 

and  aaalogpQs  eompounds  are  fonned  by  addition  to  •CfS,  *S0|%  'NIO 
gnmpe. 

The  g^metelHo  deviTatme  of  ketonesy  mttn,  nitrilesi  and  nitro* 
farafline  behave  in  the  same  way : 

.OM 

>c:o+M  c-co  ^  >c<o.do. 

the  change,  when  it  ceases  here,  being  known  as  the  aldol  condcDsa- 
tion,  and  being  to  .some  extent  reversible.  The  carbonyl  compound 
3><J10  Virtually  selects  the  C-metallic  derivative  ratlier  than  the 
O-derivative,  but  merely  because  the  products  of  its  condensation  with 
the  latter : 

>c:o  +  Mo  u:c  ^-^  >^'^o-c:6 

are  of  a  type  eminently  nnptable  and  revert  at  once  to  their  generators. 
Hie  aldol  condensation  when  brought  about  by  beses  may  thus  itself 

be  regarded  as  an  instance  of  the  general  reaction  between  organo- 
metallic  compounds  and  substances  of  class  K,  and^  moreover,  is 

recugnised  ivs  a  neces.sary  stage  in  a  very  large  number  of  reactions 
to  which  t-pecial  name.s  have  been  attached,  such  as  the  croton- 
aldehyde  condciisation,  the  Perkin  syiiLhesis,  and  others. 

Tho  acetoacctic  ester  condensation  is  also  clearly  only  a  particular 
case  of  the  interaction  of  esters  and  organo-metailic  compounds. 
Thus  one  of  the  latter  acting  on  ethyl  formate  yields  an  aldehyde : 

0^>C:0+M-[Alk]        0Et>^<[Afk]        H-CO-[Alk]-f  M-OEt, 

whilst  with  the  C-metallic  derivative  of  a  carbonyl  compound  precisely 
tbe  seiBe  type  of  change  occurs :  - 

X  .  X  OM 

X-CO-IC-0:01  +  M'OEt, 

a  jMikeUme  or  /9-ketonis  osier  beiog  formed. 

VOU  XCIU.  I> 
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• 

Gooffuncni  has  probably  arisea  fdmply  beeaaw  the  product  in 
the  latter  instance  is,  from  its  yerj  nature,  prone  to  further  change^ 
hut  the  substances  isolated  aro  exactly  those  which  the  eonipound 

X'CO'C'CiO  would  yield  under  the  experimental  conditions.  With 

the  latter  point,  Dieckmaun  has  already  dealt  (loc,  cU.)^  and  reference 
may  be  made  to  his  paper,  but  the  following  forms  a  very  brief 
summary  of  the  possibilities. 
Bepresenting  the  above  condensation  product  as 

W 

X-OO-6-OO'Z, 
Y 

then 

1.  (a)  If  X,  W,  Y,  and  Z  aro  all  alkyl  groups,  the  compound 
is  unstable  under  the  experimental  conditions,  and  falls  into  its 
generators ; 

W 

X-CX)-0£t+H*6*CO-2, 
Y 

by  reversal,  or  [h)  might  break  up  into  two  new  compounds : 

W 

X-CO-U-H  +  OEt-CO-Z. 

y 

2.  If  either  W  or  Y  is  a  hydrogen  atom,  then  the  substance  is 
converted  by  the  metallio  alkyl  oxide  into  a  stable  metallic  derivative 
of  the  enolic  form,  roversal  thus  being  obviated. 

3.  If  Z  (or  Xf)  has  the  structoro  •CHR-CO-B'  or  'OHR-CN,  then, 
even  if  W  and  Y  are  both  alkyl  groups,  a  stable  metal  enolic 
derivative  may  be  formed  and  roversal  inhibited. 

CSase  1  (a)  has  been  dealt  with  by  IMeckmann  (loe,  cil,),  but  case 
1  (6)  has  not  yet  been  observed.  Case  2  is  the  ordinary  acetoacetic 
ester  type  of  synthesis  so  fully  elaborated  by  Claisen.  Oase  3  is  that 
noticed  by  Perkin  and  Thorpe  (Trans.,  1900,  79,  736  and  737). 

The  condensations  dealt  with  in  the  present  paper  were  made  with 

•  •  • 

ketones  containing  the  groups  "Cii^'OO'UH  and  CUj,*0O*CX  respect- 
ively, the  ester  with  which  they  wero  made  to  react  being  a  nitrous 
and  not  a  carbozylic  ester.  It  has  usually  been  supposed  that^  as  with 
other  esters,  these  condense  only  with  ketones  which  contain  the 
group  -OH^-GO*,  but  such  is,  in  reality,  not  the  case  In  the 
instances  we  have  examined,  attack  appears  to  be  directed  almost 
exclusively  at  the  •CH*GO*  group. 
The  behaviour  of  menthooe  with  alkyl  formates,  on  the  one  haad| 
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Aod  9Xkyl  nitrites,  cm  Uie  oQm,  is  very  inttruotive.  In  ths  forsMr 
instenoe,  the  initial  produeto  maj  be  either 

CHg — C(CHMeg)-CHO  CH^ — CU(CHMej) 
CHj     CO  or  CH,     CO  ♦ 

CHMe-CH,  CHMe'CH'CHO 
Of  tfaese^  the  former  is  perhaps  formed  more  rapidly  than  the  other 
at  fint»  Imt  beioiigs  to  a  highly  unstable  type  and  readily  falls  into  its 
generators,  ykAding,  by  absorption  of  alcohol,  alkyl  formate  and 
■entiions.  The  latter,  howew,  is  rendered  stable  by  oonverdon  into 
the  sodium  derivative  of  the  enolic  form,  whieh  the  former  oannot 
yield. 

With  alk  jl  nitrite,  the  corresponding  forms  are : 

Ciig — C(CHM€g*2^0  CH^ — CH(CHMo,)  " 

CHj     CO  and   CHj     CO  , 

CHMeCfit  CHMe^OHNO 
and  here  tiw  former  type  does  not  revert  to  xte  generators,  owing 

no  doubt  to  the  greater  stability  of  the  linking  *C*NO  compared 

with  *C*00*.  As  a  result,  it  is  at  Uie  grouping  *0*00*  that  re-absorp- 

tion  of  the  elements  of  alcohol  occurs,  and  the  next  products  in  succes- 
sion are : 

CH2 — CH(CllMeg)-J!JO  CH3 — C(CHMe8):N-0H 

UH,    CO^Et  ->   OH,    COJ&t  » 

CHMe'CH,  OHMe'CH, 

The  eompoand  obtained  as  the  product  of  the  reaction,  on  removing 

alcohol,  neutralising,  and  extracting,  has  the  properties  of  an  ester,  and 

this,  if  boiled  with  alkalis,  is  converted  into  the  bame  hydroximino-acid 
ajs  L?  ublained  by  treutiiieiit  of  menthone  with  amyl  nitrite  and  liydro- 
chloric  acid,  but  the  yield  in  the  latter  instance  is  comparatively  very 
poor. 

The  first  observation  of  this  apparently  anomalous  behaviour  of 
nitrous  esters  when  used  in  conjunction  with  sodium  ethoxide  was 
made  by  liantzsch  (Btr.,  1887,  20,  579  ;  compare  also  Dieckmann, 
Ber.y  1900,  33,  579),  but  referred  to  a-monoaubstituted  /i-ketouic 
esters,  and  he  does  not  attribute  any  special  significance  to  his  rcr^ultS) 
probably  because  such  compounds  are  resolved  in  so  many  different 
ways  at  the  point  between  the  a-  and  ^-carbon  atoms.  The  compounds 
dealt  with  in  the  present  paper  are  simple  ketoneSi  and  the  investiga- 
tioB  was  undertaken  with  the  object  of  finding  an  explanation  of  the 
results  obtained  when  an  attempt  was  made  to  prepare  Monitroso- 
cyaaodihydrocsrvone  (Lapworth  and  Wechsler^  Trans.,  1907,  91, 978 
and  1919).    Here  we  were  feroed  to  the  oondosion  that  attack  took 

D  2 
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place,  not  at  the  'OH^'OO*  gnmp,  but  exdusively  at  the  ICH"CSO* 
Comdex. 

Flrom  pulegone  (I),  by  similar  treatineiit»  we  obtained  an  ester 
having  the  stracture  (II) : 

•  Nun  COjEt 

(H.) 

so  that  a  migration  of  a  hydrogen  atom  from  tho  side-chain  to  the 
a-carbon  atom  must  liave  occurred  at  an  intermediate  stage;  in  other 
words,  a  partial  conversion  of  pulegone  into  tsopulegoue  seems  to 
have  taken  place. 

The  constitution  of  the  product  was  determined  by  oxidising  the 
acid  with  permanganate,  when  it  was  found  to  be  converted  into 
formic,  acetic,  nitrous,  and  ^-methjladipic  acids  : 

NOH  CO,H 

OO^H 

CH,-CX),H  +  0H,0,  +  HNOji  +  <^0,H\^^.^jj2>cH-  CH,. 

Other  compounds  examined  in  respect  to  their  behaviour  with  nitrous 

CHBr 

esters  and  sodium  ethoxide  were  a-bromocamphor,  C^i^<^^^  , 

which  reacted  readily,  but  yielded  ordinary  tsouitrosocamphor,  and 
fenchone  which  was  unchanj^'ed,  althougli  a  variety  of  conditions  was 
imposed,  and  thus  further  support  is  offered  to  the  contention  of 
iSemmler  (Ber.,  1906,  39,  2581)  that  fenchone  contains  the  grouping 

c~C'CO-c>r-a 

£XP£RIMEMTAL. 

Action       Amyl  J^Urite  cn  MmOkoM  in  PrtMnM  of  Sodivm 

B^hooeidc. 

In  the  first  experiments  on  this  reaction,  it  was  found  that  an  oily 
substance  only  ,was  obtained  if  the  product  was  isolated  merely  by 
dilution  and  extraction  with  solvents.  This  oily  material,  it  was 
noticed,  evolved  a  considerable  quantity  of  amyl  alcohol  when  treated 
with  alkalis  or  acidst  and  this  led  to  the  surmise  that  esters  were 
present^  so  that  the  following  process  was  adopted. 
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Menthone  was  added  to  an  ice-cold  solution  of  slightly  more  than 
one  atomic  pxoporfcion  of  sodium  in  absolute  alcohol,  and  subsequently 
a  molecular  proportion  of  amyl  nitrite  was  introdnoed  at  each  a  mte 
that  the  temperature  did  not  rise  more  than  one  or  two  degrees 
above  zero.  After  <^tanding  in  the  cold  for  some  hours,  the  whole 
was  distilled  with  the  aid  of  a  current  of  steam  until  the  distillate 
was  odourless^  the  resulting  liquid  being  then  agitated  with  a  little 
animal  eharooal  and  61tered.  Hydrochloric  acid  was  next  added  to 
the  cooled  solution  until  no  further  precipitate  formed,  the  oily  sub- 
stanee  which  separated  bsing  allowed  to  solidify,  when  it  was  removed 
and  crystallised  from  methyl  aloohoL  In  this  way,  75  grams  were 
obtained  in  a  nearly  pure  state  from  85  grams  of  menthone : 

0-3102  gave  0-67.38  CO.  and  0-26  U  ll.fl.    C  =  50  3  ;  H  =  9-5. 
0-2153    „     15-45  c.c.  moist  nitrogen  at       and  746  mm.    N  =  7*1. 
Cj^Hj^OgN  requires  0  =  59  7;  H  =  9  5  ;  N  =  7  0  per  cent. 

0*961  required  471  cc.  IVj  10  NaOH  for  neutralisation,  whence  the 
equivalents  204  (calculated -201). 
As  the  properties  of  the  add  agreed  closely  with  those  of  the 
csime  of  /3t-dimethyloetan-eonoio  add,  obtained  by  the  action  of 
amyl  nitrite  on  menthone  in  presence  of  add  as  catalyst^  some  of  that 
oztme  was  prepared  by  the  latter  process.  No  difference  between  the 
two  substances  could  be  detected,  and  their  melting  points  were 
unaltered  on  admixture.  The  following  new  derivatives  of  the  add 
were  prepared. 

The  p-7iitropheni/?hydrazone  formed  a   bright  yellow,  crystalline 

powder  melting  at  130°: 

0-1059  gave  11-9  cc.  moist  nitrogen  at  16*^  and  758  mm.  N-lS'l. 
Cj^H^O^N,  requires  N  =  13'l  per  cent. 

The  eraMOOfi&asofis  was  obtained  in  small,  white  crystals : 

0-1208  gave  18*1  cc.  9M»8t  nitrogen  at  15^  and  773  mm.  17*8. 

CjiHgjOjNg  requires  K- 17'3  per  cent. 
These  compounds  were  formed  on  warming  the  ozime  with  aqueous 
solution,  p-nitrophenylhydrazine  acetate,  and  semicarbazide  acetate 
respectively,  the  bydroxylamine  being  eliminated  with  great  ease. 

AcUon  4/  Amifl  Jfitriie  on  Fidegaw  in  Fruenee  of  Sodium  Ethoonde, 

This  reaction  was  carried  out  in  a  manner  similar  to  that  described 
in  the  case  of  menthone,  but,  as  the  esters  formed  appeared  to  be  more 
stable,  the  product,  some  hours  l>efore  the  steam  distillation,  was  mixed 
with  an  excess  of  strong  aqueous  potassium  hydroxide.  The  material 
which  separated  on  acidifying  the  aqueous  residue  at  the  end  of  the 
steam  distillation  was  very  gummy,  and  it  was  found  necessary  to 
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piuifj  it  by  dissolving  it  in  ether  and  eztraeting  the  acidic  matter 
frM  this  by  ihakiDg  it  with  sodium  carbonate  solution.  After 
difBolvsd  ether  was  tcmoyed  from  the  alkaline  liqciid>  hydrochloric  acid 
predpitated  a  yiseid  mass,  whieh  slowly  beeame  eemlerystalline  alter 
tritiiratlon  with  aoetie  aeid.  The  solid  portion  was  the  osduim  of  a  new 
aeid,  whieh  we  propose  to  term  *'laopult0onio  ooi^"  In  order  to  indi- 
cate its  near  relationship  to  itopnlegonei  It  was  finally  purified  by 
crystallisation  from  dilate  methyl  aleohol : 

0-2070  gave  0*4601  CO^  and  0-1646  H^O.    0  =  60-7;  H  =  8-8. 

0*1538    „    9-9  c.c.  moist  nitrogen  at  18°  and  738  mm.    N  =  7*2. 
CioHi^OgN  requires  C  =  60*3  ;  H  =  8  5  ;  N  =  7  0  per  cent. 

0*4115  required  20*5  c.c  3710  NaOII  for  neutralisation,  whence  the 
equivalent  =  201  (calculated  =  199). 

The  compound  is  readily  soluble  in  methyl  or  ethyl  alcohol,  ether, 
benzene,  cbloroForm,  ethyl  acetate,  or  -earbon  disalphide,  but  dissolves 
only  spariogly  in  light  petroleum  or  hot  water.  It  melts  at  S&^, 
When  heated  above  its  melting  point,  the  oompoand  decomposed, 
ammonia  and  an  nnpleasant  smelling  vaponr  bttng  OToWed.  It  rednces 
a  hot  ammoniacal  solution  of  silver  nitrate,  but  has  no  effect  on 
Fehling's  solution  unless  it  has  been  previously  heated  with  a  mineral 
add,  when  the  product  reduees  this  solution  in  the  cold,  a  behaviour 
whieh  indicates  that  the  substance  is  the  oxime  of  a  ketonie  aeid. 
The  compound  gave  no  erystallisable  compound  on  aoetylation. 
Attempts  to  obtain  a  specimen  of  the  pure  ketonie  acid  in  a  state 
suiUablG  for  analysis  were  unsuccessful.  When  it  was  warmed  with 
hydrochloric  acid,  the  product  cooled,  and  extracted  with  ether,  an  oil 
was  removed  in  small  quantity  in  which  the  presence  of  a  ketonie  acid 
wa,s  proved  by  warming  it  with  aqueous  semicarbazide  acetate.  The 
semicarhazone  separated  as  a  white  solid,  and,  after  repeated  crystal- 
lisation from  alcohol,  melted  at  160^  : 

0-1060  gave  15*2  c.c.  moist  nitrogen  at  9°  and  757  mm.  N«17-2. 
OuHi«0^*NH-aO*J^H,  requires  N  « 17*4  per  cent. 

Unlike  the  allied  oxime  of  j9(<dimethyloetan-cK>noic  aoid,  the 
hydrozimino^d  from  pul^one  is  too  stable  to  yield  the  eemioarb* 
axone  or  p-nitn^henylbydrasone  when  merely  warmed  with  the 
acetates  of  the  corresponding -bases. 

OMalbuin  of  ih/s  Oasms  4/  iaoPvllegonio  AM, 

As  it  was  found  impracticable  to  isolate  pure  pulegonic  acid,  the 
experiment  of  oxidising  the  pure  oxime  itself  was  i^udertaken.  Twelve 
grams  of  that  compound  were  dissolved  in  a  Rolution  of  sodium 
carbonate,  and  to  the  ice-cold  f^ohition  was  added  very  gradually  a 
2  per  oent.  solution  of  potassium  permanganate,   The  oolour  of  t)ie 
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latter  at  first  disappeared  instantaneously,  and  the  addition  of  the 
oxidising  agent  was  continued  until  an  appceoiablo  interval  elapsed 
between  it8  intvoduction  and  the  disappearance  of  tbe  pink  colour, 
wkich  was  the  case  wbenaboat  l\  litres  had  been  used.  The  liquid 
wms  then  freed  from  manganeee  dioxide  in  the  usual  manner,  evaporated 
to  a  bulk  of  abont  100  cc,  miirad  with- carbamide,  acidified  with 
solphinie  wead,  and  distilled  in  a  eiinent  of  steam. 

(«).  VUmHUAdd  iVodiMia— The  odoor  of  fattj  acids  being  pereep- 
tiUe^  tlme-fbortbs  of  the  distillate  was  neatfalieed  with  normal  sodium 
hjdrozidet  mixed  with  the  remaining  fourth^  and  the  whole  evapomted. 
The  reeidiie  had  the  appearance  of  sodium  acetate^  and  gave  an  ester 
having  the  odour  of  ethyl  acetate  on  treatment  with  sulphuric  add  and 
aloohol;  it  was  therefore  tedissolved  in  water,  mixed  with  silver 
nitrate  solntiooi  and  the  silver  salt  which  separated  was  washed,  dried, 
and  analysed: 

0*3066  gave  0*1981  Ag,  whence  tlio  equivalent  of  the  volatile  acid 
was  60' 1,  the  equivalent  of  acetic  acid  being  62. 

The  eolation  from  which  the  silver  salt  had  been  removed  blackened 
considerably  on  standing,  a  fact  indicating  the  presence  of  a  snoall 
quantity  of  formic  acid. 

(6).  N«m-voliUUe  Pr^dmUa. — The  liquid  from  which  the  volatile  adds 
had  been  removed  was  addified,  extracted  repeatedly  with  ether, 
iHiieh  was  afterwards  washed  with  a  HtUe  water,  dried,  and 
evaporated,  the  residue  being  freed  from  alcohol  by  frequent  evapcra- 
ticns  with  water.  A  semi-solid  mass  was  finally  left  which  was  found 
to  yield  a  considerable  quantity  of  a  sparingly  soluble  copper  salt,  and 
the  whole  was  therefore  dissolved  in  water,  neutralised  with  ammonia, 
and  mixed  with  copper  acetate,  the  precipitated  copper  salt  being 
removed,  washed  with  water,  and  decomposed  with  hydrogen  sulphide 
in  the  usual  way.  In  this  manner,  a  semicrystalline  material  was 
obtained  which  was  freed  from  adherent  oil  and  crystaliibed  repeatedly 
from  ethyl  chloride  and  light  petroleum  : 

0-1611  gave  0*2920  CO2  and  0*1017  H.O.    0  =  52*7  ;  H-7-7. 

CyHj^O^  requires  0  =  525;  H  =  7*5  per  cent. 

0*1232  required  15*7  cc.  ^/lO  NaOH  for  neutralisation,  whence  the 
eqniv8lent>B78*i,  whilst  a  dibasic  add,  Q^'Bifi^^  has  the 
equivalent  80-0. 

The  substance  was  readily  soluble  in  most  of  the  organic  solvents 
with  the  exception  of  light  petroleuui,  and  separated  in  slender  needles 
melting  at  84 — 85°.  It  did  not  yield  an  anhydride  when  heated  at 
200^,  and  had  all  the  characters  of  ^-methyladipic  acid. 

To  confirm  the  production  of  formic  ac  id  during  the  above  oxidation 
a  specimen  of  the  pure  ozimeof  i^opulegonic  acid  ^as  boiled  with  dilute 
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sulphuric  acid  and  potassium  dirhromate,  and  the  distillate,  which  had 
a  faint  odour  of  formaldehyde,  collected.  The  presence  of  form- 
aldehyde was  confirmed  by  adding  hydrochloric  acid  and  phloroglucinol 
to  a  portion  of  the  liquid,  when  a  pink  colour  developed.  The 
remainder  of  the  distillate  was  neutralised  with  sodium  carbonate, 
eyaporated,  and  tested  for  formate  with  ammoniacal  silver  nitrate  and 
withmerettrtc  chloride,  and  in  both  cases  a  positive  result  was  obtained. 

No  appreciable  quantities  of  products  other  than  nitrous,  formic, 
acetic  and  /3-methyladipio  acids  oonld  be  detected  as  oaddation 
products. 

Action  of  Amyl  NilriU  on  a-Bromocampftor  in  rrueno$  qf  i6Wtum 

JSthoxitU. 

When  a-bromocamphor  was  subjected  to  treatment  in  the  manner 

descriUf  d  in  the  case  of  menthone,  rapid  action  occurred,  and  potassium 
bromide  separated  in  considerable  quantities.  The  product  was  dis- 
tilled in  a  current  of  steam,  when  much  unchanged  bi  omocamphor 
passed  over,  and  the  residue,  which  was  yellow,  gave  a  solid  pre- 
cipitate on  neutralisation.  This  was  collected  and  crystallised  from 
alcohol,  when  it  was  found  to  melt  at  152 — 154^ ;  it  was  insoluble  in 
solutions  of  alkali  carbonates,  although  freely  soluble  in  sodium 
hydroxide,  and  was  therefore  not  a  carboxylic  acid.  It  contained 
nitrogen,  gave  camphorquinone  when  boiled  with  formaldehyde  and 
hydrochloric  acid,  and  had  all  the  other  chai'acteristics  of  ordinary 
Monitrosocaniphor. 

Fenchone  did  not  react  with  alkyl  nitrites  under  the  conditions 
adopted  in  any  of  the  experiments  above  described. 

Huch  of  the  cost  of  the  investigation  was  defrayed  by  a  grant 
awarded  by  the  Research  Fund  Committee  of  the  Ohsmioal  Sodetj* 
for  which  we  wish  to  esqiress  our  indebtedness. 

Chbhical  Df.pautmbnt, 

Goldsmiths'  Collkuk, 

Nsw  Osoas,  S.E. 
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V. — The  Electrometric  Determination  of  the  Hydrolysis 

of  Salts, 

By  Hkkrt  Geobge  Denham,  31. A.,  M.Sc,  Exhibition  Scholar, 

University  of  New  Zealand. 

Inl/rodiielim, 

Numerous  methods  have  been  employed  for  measuring  the  amount  of 
hydrolysU  in  salt  solutions.  Amongst  the  most  important  of  these 
may  be  mentioiied  those  depending  on  the  determination  of  the 
iiiTeraioii  of  sucrose,  the  hydrolysis  of  methyl  acetate,  electrical 
conduelxvifgr,  lowering  of  freezing  point,  and  distribation  between 
two  •  solvents.  These  methods  have  been  employed  in  the  researches 
off  Ley  {MImA.  phytikaL  Chmn,,  1899,  30,  193);  Bmner  (I^eUtdk, 
jHlyjftioL  CAsm.,  1900,  32,  133) ;  Walker  and  Aston  (Trans.,  1895, 
67,  57e) ;  Bredig  (Zeiitt^  ph^tUM,  CA«m.,  1894,  13,  289)  ;  Eahlen- 
besg,  Davis,  and  Fowler  (7.  Aim&r.  Chm.  Soe.f  1899,  21,  1),  and 
Omaia  and  Tespignani  {GantUa,  1900,  30,  ii,  35. 

Nona  of  these  methods  is  really  satisfactory  for  the  measurement 
of  very  small  concentrations  of  hydrogen  ions,  and,  although  Bredig 
and  Fraenkel  {Zettsch.  ElektrocJiem.^  1905,  11,  525)  have  recently 
described  a  new  method  whereby  concentrations  of  hydrogen  ions 
down  to  iV710C0  can  be  accurately  determined,  nevertheless  the 
presence  of  neutral  salts  produces  a  disturbing  eflecfc,  thus  rendering 
the  practical  applicability  of  the  method  rather  difficult. 

In  the  present  paper,  the  hydrogen  electrode  has  been  used  for  the 
purpose  of  determining  the  concentration  of  the  hydrogen  ions  in 
aqueous  salt  solutions.  This  method  is  particularly  suitable  when 
we  are  dealing  with  very  small  concentrations,  and  it  therefore 
promised  to  he  very  useful  in  many  cases  when  the  methods  hitherto 
employed  become  difficult  of  application.  It  suffers^  however,  from 
tha  disadvantage  that  it  cannot  be  employed  in  the  case  of  the  salts 
of  metals  less  noble"  than  hydrogen,  nor  in  the  esse  of  multiTalent 
estions  (sooh  as  Fe***)  which  are  reduced  by  hydrogen  to  cations  of 
smaller  eleetrovalency,  nor  is  the  method  admissible  in  the  case  of 
sbHs  with  'Fsdiieible  anions  as  KO3 ,  ClOg'.  During  the  course  of 
this  work,  papers  bare  been  pnbUshed  by  Bjerrum,  in  wbieh  the  same 
method  has  been  employed  in  the  study  of  solutions  of  chromium 
chkrida   Beference  will  be  made  to  these  later. 
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Thi^  jSquUibrium  MgwUiom  of  Frogremw  SaU  Hyd/nlytk. 

In  dealing  with  the  nJts  of  mvlti^eiit  eaticuiey  the  hjdrolysis  maj 

oeenr  progressively  in  several  stages,  to  each  of  whieh  correspond 
definite  equilibria.  If  aluminium  chloride  is  taken  as  an  example,  tho 
progressive  stages  of  the  hydrolysis  may  be  representod  by  the  three 


following  purely  stoichiometric  equations  : 

AlClg  +  n.O  =A1C1,(0H)+  HCl  (1) 

AlCl3  +  2n()  =  Alcr(0H)j+2HCl  (2) 

A101,+3H,0«A1(OH),    +3HCi  (3) 

Tho  mechanism  of  equation  (1)  may  be  represented  by  the  twu 
ionic  equilibria : 

(AlClar+OH'::^^  AlCl2(0H)  .  (la) 
H*+0H'5:iH,0  (4) 

which  may  be  combined  in  the  simple  equilibrium  equation  ; 

(AlCl,)*  +  H,0  5:::A10i,(0H)+H-  (16) 

Denoting  molar  oonoentrations  by  square  braekets,  we  have  from 

(la)  and  (4) : 

[A1CV].[0H']  =  A;^,[A1C1,(0H)]  (5) 

[H-].[OH'i.ir«  •  •  W 

and.  therefore 

[AlCl,-l-|!.t^C1^0H)]tU-J  (7). 


If  we  now  make  the  simplifying  assumptions  that  alomtnitun 
chloride  and  hydrochloric  acid  are  completely  ionised  aocording  to 
the  equations: 

Alci,  Aici3-+cr, 

and  if  v  denotes  the  molar  dilution  of  the  "  total "  aluminium 
chloride  (hydrolyscd  and  non-hydrolysed),  and  x  the  fractional 
amount  liydrolysed,  it  follows  from  the  above  equations  and  assump- 
tions that 

[AlCl.-]  - 1^,  [H-]  =  [AICI,(OH)]  =  2, 

whence  from  (7)  we  have 

—     s=  /8\ 

Jt  most  be  observed  that  m  denotes  the  fractional  amount  of 
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bydroljFiis  MoerdiDg  to  the  first  sUge  (equation  1),  and  that  the 

viUdity  of  the  equations,   L-^*]  =  L^^^^zl^^)]    ^'  ti^pends  on  the 

nnanj  made  aesnmption  that  the  valne  of  [H*]  is  very  oonaiderably 
gnatcrthanilie  valae  corresponding  to  the  diasocifttion  of  pure  water. 

This  "fint-stage"  hydrolyeia  is  dne  to  the  formation  of  the 
xditiTQlj  nodiaaociated  basic  aalt^  Ald^OH),  which  may  be  regarded 
as  tlie  hydroxide  of  the  oomplez  cation  (AlCI j*). 

Let  01  now  imagine  a  state  of  afiaira  wherein  the  b ydrolyaia  corre- 
ipondt  to  the  atoiehiometrio  equation  (2),  that  is  to  say,  to  the  forma- 
tioD  of  the  idatiTfll  J  undiasoeiated  baidc  salt,  A]C1(0H),. 

Ki  garding  the  hotter  as  the  hydroxide  of  the  complex  cation  AlCl**, 
we  migbt  sappose  that  the  second-stage  hydrolysis  would  correspond 
to  more  dilate  solutions,  wherein  the  dissociation  of  the  aluminium 
chloride  would  proceed  chiefly  or  largely  according  to  the  equation  : 

AlCl,  ^  AlCl"  +  20r. 

AsnuniDg  that  the  dissociation  of  the  aluminium  ehloride  acoordiDg 
to  this  equation  is  ccnnplex,  and  denoting  by  m  the  fraotlonal  amount 

of  hydrolysis  according  to  equation  (2),  we  obtain 

[A1C1^  -  ir    [A1C1{0H)J  =  5,  [H  ]  =  ^. 

The  second-stage  liydrolysis  being  controlled  by  the  equilibrium : 

AlCr  +  2{0H)'  ^  AiCl(OH^  (9) 

together  with  (6),  yields  the  equations : 

[A10r][0H'J2-ifc4A101(0H)J  and 

[AiCrj  -  ^ .  [AlCl(OH)  J .  |:H*j2, 
■*w 

which,  on  the  above  assumptions,  gives 

(T:^=S=^'  ■  •  • 

The  third-stage  hydrolysis  corresponding  to  the  stoichiomctrio 
equation  (3)  may  be  dealt  with  in  a  similar  way.  Assuming  complete 
disoocistion  of  aluminium  chloride  according  to  the  equation 

AICI3  zr  Ai*"+3cr, 

and  a  hydrolysiB  controlled  by  the  dissociation  equilibrium ; 

A1-+30H'  A1(0H)3, 
we  have  [AT] .  [ORJ  =  it4Al(0H),] 

[A1-]«|^'X^(0H)J.[H?, 
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and  thewfow,  unce  [Ar]  « I"  ^.  [ A1(0H)J  =  *  and  [H  ]  = 


3 


For  a  chloride  of  a  bivalent  cation,  the  firat-stago  bydrolysia  oorre- 
aponds  to  equation  (8),  and  the  second  stage  to  equation  (10). 

In  the  case  off  a  sulphate  of  a  terralent  cation,  such  as  aluminium, 
the  stoichiometric  equations  reprosenting  the  progressiTO  hydrolysis 
are : 

Al2(SO,)3  +  2H.p  =  Al2(SO,).^(OU)2  +  n.SO,, 
xM,(S0j3  4-  4}r,()  =  Al2(SO.,)(On),  V  SH^SO^, 

Corresponding  to  the  first  of  these  equations,  we  have  the  dissociation 
equilibrium : 

Al,{S0^r  +  2(m'  A1,(S0J,(0H)„ 

which  leads  to 

[Al^SO^n  •  [OH'P  -  l»,[Ay  80,W0H),T. 

Assuming  complete  dissociation  according  to  the  equations  : 

H..S0^=2H'  +  S0;' 

Ai,(s'o,),  -  A     V + so;', 

and  putting  x  ^  fractional  degree  of  liydrolysis,  we  obtain  as  the 
equation  for  the  first-stage  hydrolysis : 

It  might  be  possible  to  write  the  dissociation  equilibria)  also,  as 
follows : 

AU(so,)3     2Aiso;  +  so;' 

AISO^'  +  OH'  A1(S0J(0H), 

leading  thus  to  the  equations : 

[AlbO/J .  [0H']-ifc6,[AlS0^0H] 

[Also/]  =     [ AISO4OH] .  [H-]. 

In  this  case,  [AISO/]  """'^  [AISO^OH]  =  HiH,  [H*]-— ,  and 
thus  the  equation  corresponding  to  the  first-stage  hydrolysis  would  be 


{\-x)v  2ifcfr, 

On  Uus  view,  the  corresponding  stoichiometric  equation  would  be: 
Al^SO^)^ + 2H,0  -  2A1(S0J(0H)  +  H^^. 
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Corresponding  to  the  secood-sUge  iiydrolysiB,  we  get  by  aimiiar 
nasnning  the  equatioii : 

wiiere  kk^  is  tbe  dissociation  constant  of  the  basic  salt, 

A1,(S0,)(0H),. 

dissociating  into  the  ions  A1.>S0^*"*  and  40H'. 

In  the  case  of  the  third-stage  hjdroljsis,  it  is  possible  ;to  write  the 
stoichiometric  equation : 

Al^SO^).  4*  6H,0  -  3 Al(OH)t  -I-  ZBjSO^. 

The  hydrolysis  in  this  case  may  be  buppo&ed  to  be  controlled  by  the 
dissociation  equilibrium, 

[A1-I0H7«A4A1(0H)J, 

ARRinning  a  complete  dissociation  of  A1,(S0 J,  'according  to  the 
equation : 

Al^(S0Jg=2Al-  +3S0/, 
we  arhve  at  the  equation  : 

(r:i5i^  "  e4,  ■  "'^»  ^^^^ 

where  x  Ls  tbe  fractional  degree  of  hydrolysis  according  to  the  above 
equation. 

In  the  caiie  of  a  sulphate  of  a  bivalent  cation,  there  is  only  one  stage 
of  hydrolysis  possible,  and  to  tiiis  corresponds  a  cubic  equation  in  x  of 
the  same  form  as  e<| nation  (10)  or  (12).  Similarly,  for  the  sulphate  of 
a  univalent  cation,  the  equation  of  hydrolytic  dissociation  is  the  same 
as  (8). 

In  attempting  to  tost  any  of  the  equations  given  in  the  preceding 
paragraphs,  three  points  must  be  borne  in  mind.  In  the  first  place, 
certain  simplifying  assumptions  have  been  made  with  respect  to  the 
nature  and  degree  of  the  ionisation  of  the  salts  and  acids  involved. 
In  the  second  place,  the  stages  of  the  progressive  hydrolysis  considered 
may  not  be  .sharply  m«!^rVtd  off,  with  the  result  that  a  superposition  of 
the  di^erent  equilibria  may  ooeor.  Finally,  the  solubilities  of  the 
basic  salts  or  hydrozides  may  be  overstepped,  so  that  heterogeneous 
equilibria  are  produced,  furthermore,  if,  as  very  often  happens,  the 
ImsIc  salts  or  hydroxides  separate  in  the  form  of  colloidal  pseudo- 
solutions  or  suspensums,  it  may  be  ezpeeted  that  no  definite  equilibria 
will  be  obtained. 

The  second  and  third  of  these  difficulties  reside  in  the  nature  of  the 
tbsmseWes,  and  cannot  be  surmounted.  The  first  difficulty 
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metttMmed  may,  howem,  he  obviAted  to  *  oertaia  extent  bj  iniro- 
dudng  suitable  conectioiuu  Tbus  in  tbe  preceding  theory  the  total 
oonoentration  of  tbe  add  that  must  be  produced  according  to  the 
stoichiometrto  maes-relationahip  has  been  identified  with  the  conoentra- 
tion  of  the  hydrogen  ion.  This  will,  howeveri  not  in  general  be  true, 
even  for  the  highly  dissociated  mineral  adds.  In  the  case  of  the 
chlorides  of  chromium  and  aluminium  dealt  with  below,  a  correction  has 
been  made  for  the  undissodated  hydrochloric  add  on  the  assumption  that 
the  percentage  amount  of  undissodated  add  would  be  the  aame  as  in 
a  pure  hydrochlorio  acid  solution  of  the  aame  total  concentration  of 
chlorine  ions.  In  the  case  of  the  sulphate  of  aluminium,  it  has  not 
been  possible  to  apply  a  dmilar  oorreotion,  owing  to  the  want  of 
suffidently  secure  data  conceroing  the  dissociation  of  the  ion  HSO^'. 

Aj)parcUu8  and  Method  oj  MtasuremenU 

The  hydrogen  electrode  employed  was  cons*ructe<l  ifter  the  fcype 
described  by  WUsmore  {Z^iUch,  ph^faihU.  Chmn.,  1900,  35,  296).  The 
other  half-dement  consisted  of  a  normal  mercurous  chloride  dectrode. 
The  hydrogen  and  mercurous  chloride  electrodes  were  connected  by  a 
saturated  solution  of  ammonium  nitrate^  which  Abegg  and  Onmming 
{ZaiUeh,  Elektroehtm,,  1907,  13,  17)  have  recently  shown  to  annul  the 
Uquid  potential  difference.  The  rest  of  the  apparatus  consisted  of  a 
dide-wire  bridge,  accumulator,  cadmium  cdl,  and  Lippmann  dectro- 
meter.  The  temperature  at  which  the  experiments  were  carried  out 
was  25®,  constancy  of  temperature  being  secured  by  a  suitable  waters 
thermostat.  The  hydrogen  used  for  saturating  the  electrode  was 
prepared  from  deotrolytic  zinc  and  pure  dilute  sulphuric  add,  and 
passed  through  a  washbottle  containing  an  alkaline  solution  of  potasdum 
permanganate. 

The  solutions  were  always  prepared  from  conductivity  water 
(1*2  X  10" to  2*5  X  10"'^')  by  siphoning  the  required  quantity  on  to  a 
weighed  amount  of  the  salt.  The  solutions  were  kept  in  steamed- 
uut  Jtiiia  flasks,  and  wln'iiever  they  were  kept  for  moro  thnu  a  day 
thuy  were  protected  with  a  soda-lime  tube  to  guard  against  the  entry 
of  carbon  dioxide. 

The  potential  of  the  hydrogen  electrode  is  given  by  the  formula: 

where  ir^  —  the  potential  of  a  solution  of  oonoentration  [H*] ; 
itq  =  potential  for  a  solution  normal  in  respeot  to  H*-ion,  and 
Jif  T,  F  have  thdr  usual  dgnifioationa    In  aocordanoe  with  the 

agreement  of  the  Commission  on  Electrode  Potentials  of  the  German 
Bunsen  Society,  under  electrode  potential  is  here  understood  positive 
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potoBlkl  flf  tiw  «leetood«— poBUiw  poientkl  of  wcAMm.  U  wo  take 
lh«  abnliite  potaoUal  ot  the  normal  calomel  elootrode  as  -i-0'56  Tolt, 
maj  (Wikmora^  loo.  cU.)  put  iro=  +  0*877  volt  The  method  of 
Oiiwhiioti  employed  may,  for  the  edce  of  dearness,  be  hrieij 
ilhtttimted  by  two  ezamplw : 

(a)  Table  I,  p.  48. 


OaD  aeaeared,      |  n/32CeH^-NH3Cl  |  NH,N03  |  Ilg.Cl,  oleetrode^ 

Observed  E.M.F.  =  0-4655  volt  (in  direction  indicated  by  the 
arrow).   Hence  potential  of  the  hydrogen  electrotie  =»  0*56 — 0*4655 

(H)945   yolt,  and   therafora  ^loge[H']  —  00945^0«277  - 

-O-MSS*    AmT    373  4-  26  «  898,  we  have  ^  x  8*3086  «  0059, 

and  therefm  log[H']  »  -  ^1^,  wheiioe  [H  ]  »  0  000807.  Since 

cx>mplete  hydrolysis  would  produce  a  value  of  [H']  equal  to  1/82 
(assuming  complete  dissociation  of  the  hydrochloric  acid),  the  per- 
centage hydrolysis  is  given   by  the  equation  100a;  =«  0*000807  X 
32  X  100,  whence  lOOx  «  2*58  (««fraetionaI  hydrolysis). 

(6)  Table  (XII),  p.  67. 

OeU  measured,      |  n/4Al,(S0J,  |  NH^NO,  |  HgsOl,  electrode* 
Obsemd  B.M.F.  -0*a54  volt. 

Potential  of  H.^^leotrode  »  0-56— 0<4354  -  0  1846  volt. 
Hence  0-069  log[H'J  =  0-1246—0-277  -  -  01524,  whence  [H*]  - 
0*00861. 

Since  the  solution  is  one-fourth  molecular  normal  with  raspect  to 
aluminium  sulphate,  complete  hydrolysis  according  to  the  stoichio- 
metric equation : 

Al^SO + 2H,0  -  AI,(SO^),(OH),  +  HjSO^, 

would  yield  a  one-fourth  molecular  normal  solution  of  sulphuric  acid. 
If  one  assnmes  complete  dissociation  of  the  aulphurte  acid  into  the 
iona  H*  and  SO/',  the  molar  concentration  of  the  hydrogen  ion 
would  be  0*6.  Hence  the  percentage  hydrolysis  according  to  the 
above  reaction  is  given  by  the  equation  : 

05 

AntUne  Hffdroehloride, 

The  hydrolysis  of  this  salt  has  been  very  carefully  determined  by 
Bredig  {Zeititch.  ^ty^ikal.  C/mjw.,  13,  289)  and  by  Walker  and 
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Aston  (TraiiB.,  ISdd^  67,  576).  Bredig  lued  the  conductivity  method, 
and  found  2'61  per  cent,  hydrolysed  for  v^^  Walker  used  the 

inversion  method,  and  found  4*5  per  cent,  for  v^q  at  60°.  A  re- 
determination of  the  hydrolysis  of  this  salt  appeared  to  be  a  ttseful 
test  of  the  method  employed  in  this  paper. 

The  salt  used  was  purified  by  recrystallisation  from  a  saturated 
solution  in  acetone,  the  solvent  being  removed  hj  repeated  washing 
with  ether.  It  was  finally  dried  over  potassium  hydroxide  and  oon- 
oentrated  sulphurio  acid  in  a  vacuum  desioeator. 

In  the  table  below,  as  well  as  in  all  following  tables,  v  denotes  the 
molecular  dilution,  S,Ii*F.  the  measured  electromotive  force  of  the 
cell  in  volts,  wj  the  absolute  potential  of  the  hydrogen  electrode 
for  that  flolution,  [H*]  is  the  bydrogen-ion  concentration  in  gram- 
mols.  per  litre,  and  IQOx  is  the  percentage  hydrolysis  calculated  for 
a  first-stage  hydrolysis,  unless  the  contrary  is  stated. 


Table  L 
Aniliiu  SffdroM>rid», 


CeU,      I  O0H^-NH,a  |  NH^NO,  |  Hg,a,  electrode. 


V, 

E.M.F. 

H-xlO-. 

IOOjb. 

A',  X  10*. 

16 

0*4667 

0*1038 

0*1188 

1-82 

0*81 

24 

0-4609 

0  0991 

0  0966 

2-32 

0-23 

32 

0-4655 

0  0945 

00607 

2-68 

0-21 

Mean   0*816 


Under  JT^  are  tabulated  the  values  of  the  constant  calculated  from 

e(^uatiou  (8),  —  ^  s  iT^,  as  deduced  for  a  first-stage  hydrolysis  of  a 

salt  of  this  type.  The  hydrolysis  for  v^.^  amounts  to  2*58  per  cent,  a 
value  agreeing  extiemely  well  with  that  found  by  Bredig  at  the  same 
temperature  and  dilution,  2*61  per  cent. 


» 


The  Apparent  Heat  of  Disaociation  of*  Anilinium  ffydrwnde. 

The  hydrolytic  constant  of  aoiline  hydrochloride  is  calculated  from 

^2  Mr 

equation  (8),      — If  the  dissociation  of  a  normal  electrolyte 
(1  —  x)v  jxb 

is  measured  over  a  range  of  temperature  not  too  great,  it  is  generally 
found  to  be  practically  independent  of  the  temperature.  Therefore, 
knowing  Ki,  at  25°  and  the  variation  of  with  the  temperature,  one 
should  be  able  to  calculate  x  for  any  other  temperature.  But  au 
at  6(P  is  nine  times  as  great  as  at  25%  it  follows  that  the  hydrolysis 
of  aoiline  hydrochloride  for  e^  at  60^  would  be  7*5  per  cent.,  whilst 
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Walker  and  AsUm  (Ami  eU,)  foood  only  4*5  per  oent  The  oondnaioii 
Boai  be  diawn  that  the  diaeooiatum  oonstant  of  afiilininin  hy div 
oadde  "  is  not  ind^iendeat  of  (he  tenip«mtiiie.  An  applioafebn  of 
van'i  Holf  s  eqna^on, 

dt  q  ' 

should  therefore  give  information  regarding  7,  the  apparent  heat  of 
dissociation.    On  integrating  between  the  limits  2\,  T^f  we  get  ' 

where  K^j  Kb  are  the  dissociation  constants  of  "  anilinium  hydroxide  " 
at  the  temperatures  T*  and  T. 

If       is  oalenUted  from  (he  percentage  hydrolysis  obtained  by 

Walker  and  Aston  at  6(P,  the  valae  ^  -  0-707  x  10-«  resolts;  at 

A* 

25%  ^  »  0*216  X  lO'-S  and  from  these  resnlto  q  is  calonlated  to  be 

2860  cilorios  ;  q  here  refers  to  the  heat  absorbed  in  the  dissociation 
of  amlinium  hydroxide"  pLm  the  heat  absorbed  in  the  hydration  of 
the  anhydrous  aniline. 

Ammonium  CJdoride, 

The  hydrKdyais  of  this  salt  was  recently  measoied  by  Veley  (Tcans., 
1905,  87,  26).  The  method  he  used  was  to  boil  the  solution  for  an 
hour,  and  then  determine  the  loss  of  ammonia  by  titratiqii.  The  oon- 
dnsion  ivas  drawn  that  the  hydrdysis  of  ammonium  chloride  most  be 
very  small  indeed. 

As  usual,  the  salt  was  freed  from  any  traces  of  add  by  repeated 
rtcrystallisation  from  conductivity  water.  A  normal  solution  was 
tinrt  used,  and  the  potential  registered  by  the  hydrogen  elect lotlo 
amounted  to  -  0*0049  volt  after  thirty  minutes,  but  in  an  hour  it  had 
risen  to  0  0066  volt.  This  steady  increase  in  potential,  and  therefore 
in  hydrogen-ion  concentration,  pointed  to  the  loss  of  ammonia,  and 
this*  was  conclusively  proved  by  passing  the  escaping  gas  into  a  solu- 
tion of  red  litmus.  It  very  quickly  turned  a  decided  blue.  In  order 
to  overcome  this  loss  of  ammonia,  three  washbottles  were  inserted 
befoBO  the  hydrogen  electrode^  all  containing  a  solution  of  the  same 
attengtii  as  was  being  measured.  One  washbottle  was  outside  the 
thennoetat^  and  two  within.  Thus  when  the  hydrogen  reached  the 
adotion  containing  the  eleetcode^  it  was  already  in  equilibrium  with 
'™'*'^«*^  at  that  temperature  and  conoentratioo. 

One  other  diiBcnlty  still  remained.  The  observed  potential  was 

TOL.  XCUI.  £  ^ 
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found  to  £aU  to  a  minimmn,  and  then  rise  a  little  to  a  fixed,  but  higher^ 
value.   The  steadj  fall  to  a  minimum  is  due  to  the  gxadnal  flatvnUao& 
of  the  electrode  with  liydrogen,  and  Uie  eubiequent  rise  can  onlj  be 
due  either  to  the  eleotrode  having  been  saperaatuiated  or  to  an 
increase  in  the  hydrogen-ion  concentration.   The  first  possibility  may 
be  left  out  of  consideration,  for  in  no  other  salt  used  did  this  ocoor. 
The  increase  in  the  hydrogen-ion  concentration  can  be  readily 
explained  as  bein^  dne  to  the  adsorption  of  ammonia  by  the  electrode 
from  the  film  of  liquid  in  contact  with  it   The  potential  registered 
would  be  that  of  the  surrounding  film,  and  would  consequently  be  too 
high.  The  hydrogen  and  ammonia  gases  are  occluded  by  the  platinum, 
the  former  probably  with  a  much  greater  velocity,  and  hence  the 
lowest  potential  registered  would,  on  this  assumption,  correspond 
very  nearly  to  the  true  potential.    Slight  evidence  in  support  of  this 
is  furni.-lit'd  by  tho  fact  that  tho  hydrogen-ion  concentrations  calcu- 
lated from  the  higher  potentials  are  practically  the  same,  although 
the  concentration  of  the  solution  has  changed  from  jVj^  to  j\'/3'2  ;  but 
the  hydrogen-ion  concentrations  calculated  from  the  lower  potentials 
show  differences  much  more  in  accord  with  the  behaviour  of  all 
known  hydrolysed  salts,  that  is,  with  increasing  concentration  of  the 
salt  there  is  an  increasing  hydrogen-ion  concentration,  but  a  decreasing 
percentage  hydrolysis.    As  it  was  a  matter  of  very  great  difficulty  to 
obtain  values  for  the  minimum  potential  when  it  clianges  so  quickly,  a 
number  of  independent  experimente  were  carried  out,  and  the  mean 
minimum  potential  recorded. 


Tablb  U. 
Ammomum  Ckhride* 


IT,. 

tH-]xlO« 

lOOx. 

2 

0  5732 

-  0-0l;J2 

1  -23:3 

0-00246 

8 

0-5911 

-uoau 

0-604 

0*00479 

16 

0*6998 

-0*0808 

0*427 

0-0068 

SS 

0-e066 

-0*0466 

0*340 

0'0108 

Cell,  H,  I  NH^Ol  i  NH^NO,  |  ilgfil^  electrode. 

JT,  X  10». 
0-30 
0-29 
0*29 
0*86 

Mean   0-31 

I 

The  constant     is  calculated  from  equation  (8),  — -  -vsiTi^  for  a 

first-stage  hydrolysis  of  a  salt  witli  univalent  anion.  The  experimental 
error  arising  from  the  adsorption  mentioned  has  prevented  more 
dilute  solutions  being  examined,  but  enough  has  been  done  to  show 
how  small  is  the  hydrolysis  of  this  salt. 
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The  itttio  for  the  hydrolTiic  oonstanto  of  aniline  hydrochloride  end 
ammoniam  chloride  is  seventy  thoasand,  that  is,  aDiline  is  seventy 
tboosand  times  as  weak  a  base  as  ammoninm.  Bndig{Mi9eh.  phjfmkal, 
Cktm.,  1895, 13, 288)  hee  fdiuid  the  diwocietm-oonstent  ef  ammoiiiiim 
hydradde.  to  be  0*0023,  end  Abegg  {1H§  Md.  JDiuoeiatUM-tiieme, 
Aiamuf  ^  Yortrige,"  8, 188)  given  the  diaeooiation-oonetant  of  amline 
ee  4*9  X  10*i^.  The  ntio  of  the  ooneteat  of  ammonia  to  that  of 
"aafflnmnt  Jhydiojdde  *'  is  60,000.  Sinoe  the  hydrolytio  constant  of 
aniline  hydroeliloride  agrees  so  well  with  that  found  by  Bredig,  we 
are  jostified  in  conoloding  that  the  hydrolytie  constant  ammonium 
dikride  is  tolerably  comfet. 

Ifoteoiver,  Kojes,  in  his  report,  *<The  Electrioel  Condnetivity  of 
AqoeoQS  Solntioiis  "  (p.  346),  has  caleiUated  the  per  cent,  hydrolysis  of 
ammoninm  ohloride  (e-100)  to  be  0*02  at  18<*,  whilst  eztrapoktion 
from  the  above  values  (Table  II)  gives  0  018  for  this  dilation  at  25*'. 

Chromium  CMorida. 

A  great  deal  of  work  has  been  done  on  the  green  and  blue 
modifications  of  chromiom  chloride.  Amongst  others,  the  work  of 
Godefioy  (Compt.  rend.,  1886,  100,  105) ;  Peligot  {Campt.  rend,,  1885, 
100, 105);  Recoura  {Ann,  Ckkn.  Phya.,  1887,  [vi],  10,  3D) ;  Werner 
and  Onbser  {Bet.,  1901,  34,  1570),  and  Gabser  (Inaiug,  Viat.,  Zurich, 
1900)  may  be  mentioned.  The  work  of  these  goes  to  show  that  the 
formala  of  both  varieties  is  OrClg.G  U^O,  but  in  the  green  chloride  two 
atoms  of  chloriue  cannot  be  precipitated  by  silver  nitrate,  as  they  form 
j)art  of  a  complex  cation.  Recently,  Bjerrum  {Zeitach,  phi/aikai.  Ckem.^ 
1907,  59,  336)  ha^  bhowu  that  the  biuo  chloride,  when  dissolved  in 
water,  is  hydrolysed,  thus  : 

CrClj,  +  H.p  -  CrCl,(OH)  +  HCl. 
The  bydrolytic  constant  of  tho  green  salt  is  only  about  one  four^ 
hundredth  that  of  the  blue.    The  method  used  by  hiia  to  measure 
the  hydrolysis  was  the  determination  of  the  potential  of  the  hydrogen 
electrode  and  conductivity  measurements. 

MffdroiifeU  9f  the  Oreen^  Chloride, — This  chloride  was  prepared 
according  to  the  method  described  by  Becoura  {he,  eii,)  and  Werner 
and  Gnbeer(lb&ct(.). 

Bjermm  has  very  carefully  examined  the  solution  of  the  green 
ddoride,  using  an  appsaratos  whereby  he  was  enabled  to  obtain  a  poten- 
tisl  within  two  minutes,  and  a  eonductivity  measurement  in  even  less 
timai  He  has  found  that  the  hydrolysis  as  indicated  by  the  potential 
obewwd  ie  at  first  much  less  than  for  the  blue  chloride,  but  that 
these  is  a  rspid  increese  of  hydrolysis  in  the  first  few  hours. 
Unfortunately,  the  appevatus  used  in  the  preeent  work  was  unsuitable 
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for  obtAining  readings  in  radii  a  abort  time,  lor  it  roquired  at  least 
ten  minntOB  to  obtain  a  oonstant  potential.  A  more  or  lees  qoalita- 
tive  eeriee  of  experiments  witb  the  green  solution  has  therefore  been 
carried  out  in  order  to  check  Bjerram's  results. 

A  solution  of  the  green  chloride  was  prepared  and  divided  into  two 
parts,  and  to  one  was  added  a  few  drops  of  concentrated  hydrochloric 
add. .  These  two  samples  were  allowed  to  stand  at  the  ordinary  tein* 
perature.  In  sixteen  hours,  that  which  had  not  been  acidified  was 
bluish-green,  whilst  the  other  remained  green.  In  three  days,  the 
latter  was  still  unchanged,  but  the  unacidified  sample  Was  blue.  The 
addition  of  the  add  had  eyidently  retarded  the  formation  of  the  Uue 
salt  from  the  green,  consequently  the  change  of  the  green  into  the 
blue  must  be  attended  by  the  increase  of  acid  concentration  through 
an  increase  of  hydrolysis, 

A  solution  of  concentration  v^^  Avas  then  prepared,  and  readings 
were  taken  for  two  hours  j  t  denotes  the  time  in  minutes  since  the 
solution  was  made. 

Tablb  III. 

Cdl,  H,  I  GrCl,  (green)  |  NH^NO.  i^gj^k  dectrode. 


E.M.F. 

[U*J  X  ItfJ. 

20 

0*4545 

0*1055 

0*124 

40 

0-4526 

0-1074 

0133 

120 

0-4458 

0  1142 

0*174 

Table  IY. 

L 

E.M.F, 

tll*]xl0'^. 

20 

0-4355 

0-1245 

0*260 

S5 

0-4268 

0  •1:^32 

0-317 

45 

0-4220 

O'lXSO 

0-441 

76 

0-4180 

0-H20 

0-514 

106 

0*4180 

0*1420 

0*514 

Table  Y. 

L 

B.U.F. 

[H*]  X  10« 

15 

0-4559 

0-1041 

0-117 

82 

0-4471 

0  1129 

016a 

55 

0^4368 

0-1282 

0*247 

These  experiments  all  show  that  there  is  a  rapd  rise  in  the  hydrogen* 
ion  concentration,  and,  as  the  hydrdytic  constant  found  by  Bjerrum 
and  by  me  for  the  blue  diloride  is  very  much  larger  than  the 
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mgpnahnaltB  eonstant  found  by  hun  for  the  gK«n  ohlorideh  he  is  quite 
jurtified  in  Mb  ocmeliuion  that  the  npid  inoreese  in  hjdroljsie  is  due 
to  a  progiesrive  oonverBion  of  the  green  chloride  into  the  bloei 

Chromium  Chloride  (blue). 

The  eelt  wm  prepered  ae  described  by  Higley  Am§r.  Chum*  Soe,, 
1904,  26,  613). 

Table  VI. 


Cell,        1   CrCI,   |  J^^H^N03   |   Hg,Cl 2  electrode. 


Total 

9, 

E.if.F, 

[H-]xl0= 

[H*]xlO«. 

lOOr. 

4 

0-4234 

0-1366 

0-417 

0-510 

2  02 

8 

0-4382 

0-1278 

0-296 

0*851 

2-81 

le 

0'1382 

0-1218 

0-231 

0-269 

4-30 

32 

0-4455 

0-1145 

0  1 76 

0197 

6-30 

64 

0*452S 

01077 

0*186 

0-148 

0*47 

In  Tkble  VI,  total  [H'J "  refers  to  the  conoentration  of  the 
hydrogen  ion  after  a  oonection  has  been  made  for  the  undisioeiated 

hydrochloric  acid,  as  already  explained.     Figure  1  shows  x  plotted 

as  a  function  oi  v. 

Tabls  YIL 


100k. 

r,xio*. 

jr,xio». 

4 

2-02 

0-10 

0-65 

8 

2-81 

0-10 

0-13 

16 

4-30 

0-12 

0-40 

Si 

6-30 

0-18 

0*81 

64 

0*47 

0-15 

0*87 

Here  iTj  refers  to  the  constant  calculated  for  a  first-stage 
hydrolysis  from  equation  (8),  ^ — ^  —     ;  and  JT,  has  been  oalca- 

lated  for  a  fleoond-stage  reaction  according  to  equation  (10),  ^  - 

X  here  being,  alao,  calculated  for  a  second-stage  reaction,  that  is, 
half  the  values  tabulated  above.  Although  varies  somewhat,  its 
variation  is  much  less  than  that  of  K^.  Undoubtedly,  therefore,  the 
main  reaction  must  be  represented  by  the  ionic  equation  : 

OrO  V + H,0     CW3I,(0H) + H', 

but  probably  the  basic  salt,  Cr01(0H)2,  is  also  produced  in  the  dilute 
solutions  as  in  the  equation  : 

Ora" + 2H,0     OrCl(OH),  +  2H'. 
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At  aiijnid,Bj«mtm  {loo.  oil)  bai  ako  nolMI  tlM  vIm  ift  th«  MMtaa* 
in  the  dilate  eolutioiii.  The  peroeatafee  of  hjdroljili  giw  in 
TftbU  YI  ere  iliflilly  krger  then  BjemiM  fasadi  to  liie  oooeteal 
amoonti  to  0*98  x  10**^  as  oompared  with  1*2  x  10 but  ooiiaideriDg 
the  great  inflnenoe  a  eligfat  error  in  the  JS,M»F.  exertei  the  agreement 
muet  be  oonsidered  quite  eatisffaotory. 


Fio.  1. 
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il/umtmum  Chloride. 

This  f^alt  was  prepared  from  a  speoimen  obtained  from  Merek  by 
precipibatiDg  it  from  a  saturated  solution  with  hydrogen  chloride. 
The  gait  waa  left  for  a  month  in  a  vacuum  desiccator  OTer  potassiam 
hydroxide  to  remove  any  traces  of  adhering  add. 

Preliminary  experiments  with  zinc  sulphate,  which  will  be  described 
later,  had  already  shown  that  a  solution  off  this  salt  does  not  give  the 
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nine  lijdxpgeii-ion  potential  from  daj  to  day,  but  that  an  extra* 
ovdiiuury  change  in  the  hydrogen-ion  concentration  of  the  solutioa 
oeems.  Thus  it  was  important  to  determine  whether  the  solution 
of  each  salt  ezamined  gave  a  constant  potential  over  a  0(maiderable 
number  of  days,  proTing  that  the  eolation  was  in  a  etate  of  equili* 
briom.  This  waft  done  in  a  "time"  ezperiment,  wherein  a  qnantitj 
of  a  floliition  was  siphoned  from  the  main  stock  into  the  appaiatus 
97wry  daj,  and  its  potential  ascertained  for  a  sufficient  nnmber  of 
days  to  show  that  eqnilibriam  had  set  in.  It  was  not  necessary  to  do 
tids  in  the  case  of  the  ehromiwk  salts,  because  it  is  known  from  the 
work  of  lUchard  and  Bonnet  (/be.  eUJ)  and  Bjerrum  that  the  solutions 
slowlj  change  their  hydrogen-ion  oofleentrations  unMl  equilibrium  is 
reached  ;  nor  were  "  time  "  experiments  carried  out  with  aniline  hydro- 
chloride or  ammonium  chloride,  for  here  there  is  no  posbibilily  of  bolid 
basic  Hiilts  or  hydrates  complicating  the  ionic  reactions. 

The  '*time"  experiment  for  aluminium  chloride  showed  that  within 
twenty-four  hours  a  state  of  equilibrium  is  reached,  as  is  shown  in  the 
following  table, 

Tab«  VIIL 

OeU,H^  I  AlOl,  I  NH^No/l  Hg,01,  electroda 

Day.  S,M.F.  Day.  E.M.F. 

April  a«   0*4486  April  27   0  4607 

„    Se   0*4537  „    29   0'in05 

„    27    0-4607  „   29   0*4606 

All  solutions  in  the  following  experiments  were  therefore  allowed 
to  stand  in  the  thermostat  for  twenty-four  hours  before  measure- 
ments  were  made. 

Tablb  IX. 
Alwmnium  Chloride, 

OeU,      I  AlClg  I  NH^NOg  |  Hg,01,  electrode. 


Total 


a 

[H-]xl0^ 

[H-J  X  10^ 

100^:. 

16 

0-4492 

0*1108 

0  1520 

01750 

2-8 

32 

0*4567 

01023 

0*1140 

01270 

4-06 

&i 

0-4655 

0-0945 

0*0807 

0-0886 

6-66 

100 

0-17  20 

0-0880 

0  0026 

0-0679 

6-79 

128 

0-4741 

0-0860 

00677 

o*o6:io 

7-98 

figore  1  shows  x  plotted  as  a  function  of  v. 
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Table  X. 

16  2-80  0-50  , 

32  4-06  0-53 

64  5-66  0*53 

100  6*79  0-49 

128  7-98  0*68 

Mean   0*51 

A\  ii»  calculated  from  equation  (8)  for  a  iir^t-stage  hydrolysis, 

(1  -  x)v  ^  '  ^  obtained  dearly  shows  that  the  hydrolysis 
proceeds  according  to  the  iouic  equation  : 

AlCl/  +  H,0  AlClgCOH)  +  H*. 
A  comparison  of  the  percentage  hydrolysis  of  ohromiam  and 
aluminium  chlorides  at  similar  dilutions  shows  that  the  chromium 
chloride  is,  on  the  average,  hydrolysed  1*6  times  as  much  as  the 
aluminium  chloride.  From  these  experiments,  it  would  appear  that 
chromium  is  about  1*6  times  as  weak  a  base  as  aluminium. 


Compamiton  of  BnndJUfor  AlwmkMmk  Chloride, 

Kahlenberg,  Davis  and  Fowlor  {loc.  cit.)  have  found  2 '2  per  cent, 
hydrolysed  in  a  sixth-molecular  normal  solution  at  55  o^.  Ley  {loc. 
cit.),  working  at  99*7^,  where  the  hydrolysis  is  much  greater,  obtained 
the  following  results. 

Table  XI. 


9,  100 J- .  if,  xlO*. 
82                       8  04  2-2 

64  18-20  8*1 

128  19-70  3-8 

256  28-20  4-3 

512  41-40  5  7 


Here  x  and  JTj  refer  to  a  first-stage  hydrolysis,  the  latter  being 

calculated  from  equation (8),  jiZT^^ * -^i* 

His  results  at  99*7^  are  roughly  about  twice  those  observed  by  the 
author  at  a  lower  temperature. 

J/ey  has  made  one  determination  of  the  hydrolysis  of  aluminium 
chloride  by  cooductivity  methods  at  26°.  He  found  13*5  per  cent, 
hydrolysed  at  ?',,,oj. 

Bruner  (loc.  cit.)  worked  at  40°  and  found  at  \\  3  3  per  cent.,  at 
2*9  per  cent.,  and  at  0^,2*9  per  cent,  hydrolysed.   He  is  the  only 
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worker  who  haft  not  found  incrdasing  hydrolysis  of  this  salt  on 
dilation. 

Becently,  Bjerrum  {loc.  cit.^  p.  349)  carried  out  a  series  of  experi- 
ments on  the  hydrolysis  of  alominium  chloride  at  25°,  using  con- 
ductivity measurements.  He  says  "  Ley  hat  firoher  die  Hydrolysedes 
Aluminiomehlorids  in  3/1024-molarer  Losiing  sa  4*5  pro  cent, 
(alle  Saln&m  frei  »  lOO  piro  cent,)  bereehneit.  Dieses  entspricht 
13*5  pro  oenl.  Hydrolyae  naiili  der  Qleiehong  AIOI3  H^O « 
A]C1/>H-|>H0L  leh  finde  16*6  pro  oent."  Two  misstatements 
oooor  here.  Ley  norked  throogfaoot  ifoo.  eti.)  with  molecular  solu- 
tkmsy  and  it  was  in  a  sdlntion  l/1024-mo{seiito  nofmal  that  he 
obtained  15-5  per  cent,  hydrolysis ;  secondly,  the  eolation  in  which 
Bjermm  records  16*6  per  oent^  hydrolysis  is,  according  to  his  own 
tahle^  one  oontaining  0*000336  of  a  gramrmoleenle,  that  is,  «  »  3069. 
Theee  misstatements  both  appear  to  be  dne  to  confusion  between 
molecular  normality  and  equivalent  normality.  Further  comparison 
of  Bjerrum's  results  must  be  left  over  until  tiie  errors  mentioned 
i^ave  been  corrected. 

AlmMmvm  JSkUphaie. 

The  salt  was  obtained  from  Merck,  and  was  freed  from  any  traces 
of  add  by  precipitating  it  from  a  saturated  solution  by  the  addition 
of  aleohol. 

Just  as  in  the  case  of  aluminium  chloride,  there  was  a  slight 

change  of  hydrolysis  in  the  "  time  "  experiment  during  the  first  day, 
but  after  that  time  the  potential  registered  remained  quite  constant 
for  the  next  three  days.  In  the  following  experiments,  the  solutions 
were  kept  twenty-four  hours  in  the  thermostat  before  measurements 
were  made. 

Tablb  XII. 

Alu7ninium  SiUp/uUe. 


 > 

Oell,      {  A1|(S04).  I  NH^NO.  |  Hg,Clt  electrode. 


e. 

[H-]x40». 

lOOu 

jr,xio*. 

iTx  10». 

4 

0*4354 

01246 

0-261 

0-522 

0-88 

0-68 

8 

0-4439 

0-1161 

0-l*<7 

0-748 

0-71 

16 

0-4605 

0-1095 

0145 

1160 

0  62 

0-85 

n 

0*4541 

0*1050 

0-126 

2016 

0-82 

1*80 

H 

0-4585 

0-1016 

0-106 

8-492 

0-08 

1*86 

M 

0-4672 

0-0028 

0076 

9*600 

1-48 

4*00 

Fignre  (1 )  shows  the  variation  of  x  with  v.  In  the  above  table,  ifj 
is  calcolated  from  eqoation  (12),  ^y^^  =  AT, ,  for  a  first4tage  hydro* 
lysis  of  a  salt  of  this  type.   The  rise  in  the  value  of  iT^  from 
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points  to  the  probubility  that  with  increasing  dilution  the  Fccond- 
stagc  hydrolysis  is  becoming  inerensingiy  important.  Tho  reaoUon 
from     to  Vq^  is  represented  by  the  stoichiometric  equation  s 

and  by  the  icnlc  equation : 

Alo(SO,),-  +  2H50  Al3(SO,),(OH)2+2H-, 

but  iu  more  dilute  solutions  we  have  also  : 

A\^(m,\  +  iK.,0  =  AU(SO,)(OH),  +  2H2SO4 

The  oonetant  iTin  fche  aboTe  taUe  iiae  been  ealeolatod  from  eqoatiofi 

(13),  ^""■^j^-    This  equation  has  been  deduced  on  tho  asbumption 

tbat  the  reaction  ia  repronented  hj  the  atoicdiiometric  equation : 

Al^SO^),  -f  2H^  -  2  A1(S04)(0H)  H^«, 
and  the  ionio  equation : 

AISO^*  +0H'  :^  A1{S0^)(0H). 

The  constant  £  shows  considerably  more  variation  than  does  JTj, 
although  in  the  oonoentrated  solutions  iT  is  as  eonatant  as  can  be 
expeeted  for  sooh  ooncentiationa* 


CmnpaHion     Rmuka  for  Alwrnrnkim  £kJp&ed$, 

Bruner  (loe.  eit.)  at  40°  found  1'3  per  cent,  hydroljsed  at      1*4  per 

cent,  at  v^q^  and  1  '7  per  cent,  at  v^q. 

Ley  {loc.  cU.)  at  99*7^  found  8"9  per  cent,  at  and  5  4  per  cent, 
at  t;i28- 

Kahlenberg,  Davis  and  Fowler  {loc.  eit,)  at  55*5^  found  a  hydrolysis 
of  1*56  per  cent,  for  v^^ 

Finally,  Carrara  and  Vespignani  {loc.  cU.)  measured  the  hydrolysis 
of  this  salt  at  25°  by  the  inversion  of  methyl  acetate.  The  basis  of 
this  method  is  to  compare  tho  constant  of  tho  reaction  for  a  salt  with 
that  obtained  for  a  dilute  solution  of  an  acid  where  tho  dissociation  is 
complete,  that  is,  where  the  hydrogen-ion  concentration  can  be 
identified  with  the  total  acid  concentration.  Now  these  workers  have 
compared  their  constant  for  aluminium  sulphate  with  that  of  aulphurio 
acid,  both  fifth-molecular  normal,  and  thus  obtained  a  percentage 
hydrolysis  of  2*6.  It  is  obviously  incorrect  to  identify  the  hydrogen- 
ion  concentration  of  a  fifth-molar  solution  of  sulphurio  aoid  with  that 
ef  the  total  acid,  and  any  such  aasomptioin  must  cause  a  very  large 
error  in  the  calculation.  If  the  percentage  hydrolysis  is  calculated 
from  the  constant  of  aluminium  sulphate  and  that  obtained  by 
them  for  hydfooUorie  aeid  {9^%  aeeording  to  tho  eqnvkiony  psmnt- 
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age  -    ^      ,  tha  mult  is  0*81.  But  a  fifth-molar  solutioiiof  hydrogen 

chloride  18  only  dinoeiated  to  the  extent  ol  80  per  oent.,  and  on  ooc^ 
feefeiDg  for  thle  the  percentage  is  found  to  be  0*65.  This  agrees 
extremely  well  with  the  valae  0-52  given  in  TaUe  XII  for 

TkaUoua  SulphaH, 

The  salt  was  supplied  by  Kahlbaum,  and  was  not  further  purified. 
The  solntions  were  all  acid  towards  litmus,  aud  owing  to  the  sparing 
solubility  of  the  sulphate  only  a  few  solutions  wore  examined. 
Although  the  solution  Vj^'^was  observed  for  several  days,  no  change 
in  the  amount  of  hydrolysis  was  detected.  Apparently  the  hydrolytic 
eqaiiibriom  is  established  immediately  on  preparing  the  solution. 

Table  XIII. 
CeU,  H,  I  Tl^O^  I  NH^No/l  Hg,Cl,  electrode. 


S3 


RM.F. 

0-4137 
0-4213 
0-1300 


0-1387 

0-1201 


[H-JxlO*. 

0-609 
0-448 
0-311 

Mean 


lOOx. 

4-87 
7-16 
9-95 


0-15 
017 
017 

0-ie 


Itbe  ooDstant  iT,  is  calculated  from  equation  (8),        — ,  for  a 

(l-«)e 

first-stage  hydrolysis  of  a  salt  with  nnivalent  cation;  the  Talue  of 
is  pnctically  constant,  and  this  shows  that  the  hydrolysis  mnst 
(meed  aoooKding  to  the  ionio  eqnation : 

Tl*  +  OH'  :^  Tl(Oli). 

The  salt  was  prepared  from  a  specimen  of  Kahlbaum's  by  careful 
recrystallisatioD.  The  "  time  "  experiment  agsin  showed  a  variation 
in  the  hydrogen-ion  concentration,  although  much  less  than  ohseihred 
in  Ihe  sake  ef  me,  aagaesinm,  thoviom,  and  eerium. 
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Table  XIV. 

Nickel  Kiulj/haU -y  v  =  32. 


Cell,  H,  1  NiSO^  I  2^H^N0,  T^gjClj  electiodu. 


Days. 

E.M.F, 

IT,. 

[H-]xlO». 

0 

0-6031 

0  0569 

0-186 

1 

0-4969 

0  0634 

0-230 

3 

0-4962 

0-244 

4 

0-5023 

0  0577 

0-192 

5 

0*5003 

0  0597 

0  207 

6 

0-4998 

0-OdOS 

0*211 

The  first  eolamn  denotes  the  age  of  the  eolutSon  in  days. 

In  the  following  series  of  experiments,  in  order  to  make  the  resalts 
comparable,  the  potentials  were  measnred  ten  minates  after  the  sola- 
tions  were  made;  but  as  the  "time'*  experiment  shows  a  slight 
yariation  in  the  hjdrogen-ion  ooncentration,  one  cannot  expect  to 
obtain  a  satisfactory  constant. 

Table  XV. 


Cell,  Hj  I  NiSO^  |  NH.NOg  |  HgaCl.^  electrode.  " 


E.M.F, 

[H-]  X  10*. 

lOOjr. 

A",  X  10'2 

4 

0-5S02 

0-0298 

0-647 

0-018 

0-14 

0-42 

8 

0-5882 

0-0Sd8 

0-512 

0-020 

0-18 

0*52 

16 

0-5400 

0-0200 

0  440 

0  036 

0-17 

0-77 

32 

0-5518 

0-0082 

0-278 

0  014 

0  09 

0-62 

64 

0-5637 

-0  0037 

o-i;5 

0  056 

004 

0-49 

Mean   0*11 


if,  has  heen  calculated  from  equaUon  (12), , ,     ,  ,  =  iT,,  for  a  first- 

*  (1  -  x)v^ 

stage  hydrolysis  of  a  salt  of  this  type K     the  constant  calculated 

from  equation  (13),   « 

(1  -  x)v 

The  iirst  constant  AT^  is  sufficiently  satisfactory  to  show  that  the 
hydrolysis  proceeds  according  to  tho  i  !uc  equation: 

Ni  *  +  20H'  ^  Ni(OH)^ 

The  oonstant  K  is  again  satisfactory,  although  the  equation  from 
which  it  is  calculated  lacks  the  possible  theoretical  foundation  that  it 
has  in  the  case  of  aluminium  and  chromium  sulphates. 

Eahlenhurg,  Davis  and  Fowler  {foe,  ctl.)  have  measured  the 
hydrolysis  of  nickel  sulphate  (o^)  at  65*5°,  and  found  0*045  per  cent, 
hydrolysed.  This  compares  well  with  that  quoted  in  the  above  table 
for  the  same  dilution,  namely,  0*013  per  cent,  at  25°« 
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Colxdi  SidphaU, 

Hub  salt  wis  pfrepared  from  a  flpeetmen  of  oobalt  oarbonate  (free 
firom  nlokel)  by  the  action  of  anlphiiriis  acid.  The  sulphate  so  formed 
was  Uiree  times  precipitated  from  a  strong  solution  by  tbe  addition  of 
sloohoL   Finally,  the  sulphate  was  recrystaUised  from  water.  The 

time  "  experiment  was  followed  for  five  days,  but  the  hydrogen-ion 
ooncentration  showed  very  little  change  from  the  value  first  obtained. 


Tarlb  XVI. 


OeU,  H,,  I  CoSO^  I  NH^NOg  |  Hg^CI,  electrode. 


9. 

E.M.F. 

IT,. 

[K-]  X  10^ 

lOOx. 

A',  X  W\ 

A'xlO*. 

2 

0-64S7 

00113 

0-313 

0-0031 

0-76 

0*48 

4 

0*5590 

0-0010 

0-210 

0-0042 

0-46 

0-44 

8 

0-5675 

-0-007'. 

0  163 

0-0065 

0-43 

0-53 

16 

-0-0162 

0107 

0-0085 

0-24 

0-45 

32 

-0-0198 

0  0&3 

0-0H9 

0-32 

0-69 

Mean   0*44 


In  table  XVI,  Ki  is  calculated  from  equation  (12),  ^  ^  —  JT}, 

for  a  first-stage  hydrolysis  of  such  a  salt.  The  value  of  ir,  is  mueh 
too  high  in  the  strongest  solution,  but  for  the  othsrs  it  is  suffioientiy 
satisfactory  to  show  that  the  ionic  reaction  is : 

Co"  +  20H'  Co(OH)j,. 

Here,  alsa  X,  calculated  from  the  equation  (13),     — ,   »  JT, 

( 1  —  x)v 

gives  a  much  h>ctter  constant,  and  yet  this  equation  again  appears  to 
lack  a  theoretical  basis. 

Nickd  Chloride. 

The  salt  was  purified  by  careful  reerystaUisation.  A  solution  of 
msdium  strength  was  mearared  for  four  daysi  and  a  decided  increase 
of  the  hydrogen-ion  conoentration  took  place  within  the  first  twenty- 
four  hoars,  rising  from  0*00014  to  0*00018.  No  change  b^nd  the 
limits  of  error  occurred  on  the  three  succeeding  days.  In  the  follow- 
ing ezpflrimente,  all  sdutions  were  therefore  allowed  to  stand  in 
the  thermostat  for  twenty-four  hours  before  being  measured. 

In  order  to  obtain  the  hydroljtic  constant,  a  concentrated  solution 
WAS  prepared  and  its  strength  determined  by  analysis ;  otiier  solutions 
were  prepared  from  this  by  dilution. 


Digiti^uu  uy 


68  ELECTBOIOTRIO  DXTSRMINATIOV  OF  THB  HTDBOtTBU  OP  SALTS. 


Tablb  XYIL 


OeM.  H,  I  NiClj  |  NH.NOj  |  Kg^Gl^  electrode. 


9. 

E.M.F. 

[H-]  X  10*. 

lOOx. 

0-4927 

0  0683 

0-290 

0  1 27 

8-8 

0-5032 

0  0568 

0184 

0-16 

17  0 

0*5109 

0  0481 

0-132 

0-23 

35-2 

0-5229 

0-0371 

o-osa 

0-30 

if  J  X  10». 

0-36 
0-29 
0-27 
0  30 


Mean   0*80 

The  valuee  under       are  calculated  irom  eqaation  (8),  —  

(1  -  x)vt 

for  a  (iiftt-stage  hydrolysis  of  a  salt  with  a  univalent  anion.  The 
satisfactory  nature  of  the  constant  shows  that  the  reactiou  iscorrectlj 
repreaentud  by  the  ionic  equation  : 

NiCr  +  OH'  NiCl(OH). 


The  salt  was  purihed  by  recrystallising  it  three  times  from  con- 
(liutivity  water;  an  analysis  gave  SO^s 33*43  and  33'41»  whilst 
theory  requires  SO^^SS'iO  per  cent. 

The  **tiin0"  experiment  for  this  salt  was,  as  usual,  carried  out 
with  every  precaution  against  chance  impuritiee  j  but,  although  various 
solutions  were  measured  daily  for  four  weeks^  yet  no  sign  appeared  of 
an  equilibrium  having  been  reached,  the  hydrogen-ion  concentration 
varying  irregularly  from  day  to  day. 

A  solution  of  sine  diloride  showed  an  exactly  similar  phenomenon. 

Owing  to  the  similarity  between  sine  and  magnedum  snlphatee,  it 
was  expected  that  a  simUar  variation  in  the  hydrogen-ion  eoncentra-* 
tion,  that  is,  in  the  hydrolysis,  would  be  met  with.  The  variation 
was  again  observed,  but  not  to  so  marked  an  extent  as  in  sine 
sulphata  The  percentage  calculated  for  magnesium  sulphate  of  con- 
centration «g|  from  the  mean  hydrogen-ion  ooncentration  is  0*0023, 
agreeing  well  with  that  found  by  Oarrara  and  Ycspignani,  They 
used  a  fifth-molecular  normal^w^ution,  and  found  0*0047  per  emi 
the  same  temperature. 

Thorium  sulphate  (t;  =  64)  has  also  been  examined.  The  "time" 
experiment  again  showed  that  the  hydrolysis  is  by  no  means  a 
cuiisLuiiiL  quantity.  The  variations  were  not  large,  but  yet  (juite 
measurable.    The  mean  percenttige  for  r^j  is  46. 

Solutions  of  cerium  chloride  showed  undoubted  variations  in  the 
hydrolysis  from  day  to  day.  The  mean  percentage  for  is  0*14, 
whilst  Ley  found  0^  for  the  same  dilution  at  99*7*-*. 
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ift  may  be  monftioiiad  that  oobalfr  ehloride  shorn  eoaaidmbie 
▼ariatioii  in  soliition ;  tlie  mma  peroenfcac^  for  v^g  is  0*17,  and  for 

The  most  probable  ezplaaation  of  the  peooliar  behaTiour  of  these 
ealta  liee  in  the  theoiy  that  the  hydiolysia  leads  to  a  hetefogeoeons 
eysleiiiy  and  that  basie  salts  and  hydrates  axe  present  in  colloidal 
guspenaon* 

Summarff, 

1.  The  preceding  experiments  have  proved  that  tho  hydrogen 
electrode  can  be  used  to  determine  the  hydrolysis  of  salt  solutions 
even  when  the  hydrogen-ion  concentration  is  as  low  as  0*3  x  10^^  (see 
ammoniam  chloride). 

2.  The  hydrolytic  constant  of  ammonitim  chloride  proTSS  ammonia 
to  he  about  70,000  times  as  strong  a  base  as  aniline. 

3.  The  salts  of  chromimn  are  hydrolysed  about  1*6  times  as  mneh 
as  the  sshs  of  alominiom,  and  ohromiom  may  therefore  be  oonsidered 
about  1*6  times  as  weak  a  base  as  alnmininm. 

4.  Niekel  salts  are  more  strongly  hydrolysed  than  those  of  cobalt, 
and  in  this  oonneifon  it  is  significant  that  the  eleetropotential  of 
cobalt  is  higher  than  that  of  niekel  (Wilsmore,  he,  cU,), 

5.  The  salts  of  sine,  magnesiom,  oeriiim»  thoriam,  cobalt,  and,  to  a 
slight  degree,  nickel  show  pecnUar  behaviour  in  so  far  as  their 
aolntions  present  a  variable  degree  of  hydrolysis  from  day  to  day. 

In  eoncltision,  I  wish  to  acknowledge  my  deep  debt  of  gratitude  to 
Professor  F.  Q.  Bonnan  for  his  ever-ready  asdstanee  and  kindly 
eDconragement  during  the  course  of  these  experiments. 

The  MuspfiArr  Laboeatory  of 

Physical  akd  ELBorao-CHKMiBTaT, 

UjirrBBBlTT  C9  LtVBSPOOL. 


VI. — AttCNiptcd  Si^uthcsis  of  ^^^^^--Dinajphthacridines : 
Condensation  of  Methylene  DichloHde  and  l-Suh* 

By  Ai^iuiD  SEiiiEU  and  PjiiiCY  Cohlett  Austin. 

Two  off  the  six  theoretically  possible  dinaphthacridines  (Senior  and 
▲ustiBy  TmoB.,  1906^  89, 1387)  ere  still  unknown,  and  our  attempts 
to  syntfcssise  dierivativeB  of  one  of  these  by  using  j9-naphthylamines 
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in  which  the  neighbouring  a-position  is  substituted  have  led  only  to 

the  formation  of  dinaphthacridines  of  the  ^  ^JP®* 

though  we  have  not  suooeeded  in  obtaining  the  deaifed  oompoundsy 
the  results  in  themseltres  possess  suiBoient  interest  to  be  recorded. 

In  view  of  the  experiments  described  in  a  former  paper  on  halogen 

addition  compounds  (Senier  and  Austin,  Trans.,  1904,  85,  1196)  and 
of  recent  work  by  A.  E.  Dunstan  aud  Hilditch  (Trans.,  1907,  91, 
1651))  on  the  substitution  of  halogens  in  acridines  by  working  with 

hot  solutions,  the  bromo-subetitution  derivative  of  ^  -dinaphtli- 

a-CUa 

acridine  described  is  worthy  of  note.  It  undoubtedly  contains  the 
halogen  in  the  meao-carbon  position,  for  the  linking  of  the  naph- 
thylene  groups  by  means  of  the  meso-carbon  must  take  place  at  the 
position  previously  occupied  by  the  bromine.  Farther, it  is  important 
to  observe  that  this  synthesis  effectually  removes  any  doubt  that 
remained  as  to  the  constitution  of  Beed's  dinaphthacridine,  the  proof 
of  whilsh  untiL-now  was  incomplete^  since  it  depended  in  part  cm  the 
assumption  of  Strohbach  {Ber,,  1901,  34,  4146)  that  the  a-position  in 
jS-naphthylamine  is  more  readily  substituted  than  the  other 
/8-position : 


\/      CHjCl,  \/ 


Taking  into  consideration  the  general  fact  that  a  linear  arrange- 
ment of  the  rings  in  the  synthesis  of ^  cyclic  compounds  is  only  ob- 
tained with  difficulty  (Senier  and  Austin,  loc  eii,),  it  was  expected 

that  it  would  not  be  easy  to  prepare  the  ^  Xrfo  ^^^$  con- 

p-CHp 

tains  a  linear  arrangement  of  rings  on  either  side  of  the  acridine 
nucleus,  the  only  known  diuaphthacridiuo  containing  a  linear 
arrangement,   aud   that   only   on   one    side,    being  ^trohbach's 

isomeride.   Again,  in  view  of  the  fact  that  when  /8-naphthyl- 

amine  condenses  with  methyleue  dilialides  or  with  formaldehyde  the 
neighbouring  a  jxjsition  enters  into  the  reaction,  it  was  hoped  that  by 
fixing  the  a-position  before  the  experiment  by  substitution  the  con- 
densation might  then  affect  the  other  ^-position  and  give  the  type 
of  acridine  desired.  Methylene  dicliloride  was  selected  as  a  con- 
densing reagent,  because^  unlike  formaldehyde,  it  reacts  with  both 
p-  and  a-naphthylamines  and  beeause  the  behaviour  of  f ormAldebyde 
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wiih  l-6abt»tituted-2-iiaphthjlamuieB  lias  already  been  the  eabjeot  of 
an  inviBBtigalion  by  Morgan  (Trans.,  1900,  77,  8U),  in  which  no 
indicalion  of  the  eondeneation  we  wished  to  bring  about  was 
obeerved. 

The  results  of  oar  eiperiments  show  that  when  the  a-position  next 
to  that  oooapiad  by  the  amino-group  in  ^-naphthyhkmine  is  taken  by 
an  easily  repkeeable  element,  sneh  as  chlorine  or  bromine,  sach 
snbstitaMnts  are  eliminated  and  condensation  takes  place  at  the 
apposition  with  the  formation  eithe  r  of  llesd's  btise  or,  in  the  caso  of 
lm}miDe,  of  a  bromo-derivative  of  that  base;  but  that  when  llm 
a-position  is  taken  by  such  a  substitvient  as  the  nitro-group,  which  is 
not  easily  ^placed,  no  condensation  takes  place. 

1.  ifUtfrociton  of  M^thyUm  DicMoride  and  l'CM4n'0'2'napMiflamine. 

Five  grams  of  l-chloro-2-naphthylamine  were  heated  in  a  closed 
tube  with  2h  cc.  (excess)  of  methylene  dichloride  for  a  short  time  to 
when  an  orange  sublimate  was  noticed  al  the  end  of  the  tube. 
After  the  tir.st  appearance  of  tbid  sublimate,  the  heating  was  only 
continued  for  about  fifteen  minutes.  More  prolonged  heating  or 
higher  temperatures  led  to  unsatisfactory  results.  When  the  tube 
was  o|)ened,  the  contents  were  first  washed  with  a  little  cold  acetone, 
then  boiled  with  methylated  spirit  to  which  a  little  aqueous 
ammonium  hydroxide  was  added,  and  poured  into  cold  water.  Aft^r 
dei'antiiig  the  liquid  and  recrystallising  the  dried  residue  from 
benzeae,  large  tribolominescent  crystals  containing  no  halogen  and 
melting  at   216*^   were  obtained.    They  were   identified  with 

I      -dinaphthacridine  { Reed). 


3.  Frtpandiim  ^  UBrcmO'^-^utpkihfflaimim, 

In  preparing  l-bromo-2-naphthylamine  by  the  method  given  by 
Morgan  (/oc.  it  was  found  to  be  of  advantage  to  warm  the 

solution  of  aceto-)3-naphthalide  in  glacial  acetic  acid  to  about  60°  and 
to  add  more  of  the  solvent  whenever  the  mass  became  too  thick  to 
stir,  otherwise  an  intimate  mixture  of  the  reagents  was  not  obtained. 
Moreover,  the  brown  pi-ecipitate  thus  formed  was  purified  before 
hydrolysis.  This  was  done  by  boiling  it  with  methylated  spirit  until 
no  more  dissolved,  and  filtering,  when  it  was  found  that  the  alcoholic 
filtcate  contained  bromoacetonaphthalide  in  a  fairly  pure  condition. 
This  solution  was  then  hydrolysed  by  boiling  with  hydrochloric  acid, 
and  the  hydrochloride  thus  obtained  was  treated  with  alkali  to  liberate 
the  base.  One  crystallisation  from  light  petroleum  was  generally 
sniBdeat  to  yield  crystals  of  pure  l-bromo-2-naphthyiamine. 

YOL,  XCIU.  F 
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3.  Inttraetwn  of  MethyUm  I^iehhnde  and  l'Brovio-2'naphtkifkntUm, 

After  several  partially  successful  attempts  to  determioe  the  proper 
conditions,  we  found  that  a  temperature  of  230 — 240°  was  most 
suitable  for  bringing  about  the  acridine  condensation.  In  our  first 
experiment,  we  heated  the  closed  tube  to  200°  and  obtained  as  Um 
chief  product  a  black,  non-crystal  Usable  substance,  insoluble  in  baniena^ 
bat  flolttble  in  aioohol.  Distillation  of  this  black  substance  undor 
rednoed  pressure  gave  vise  to  a  yelloi7  substance,  which  could  not  be 
erystallised  and  was  not  furtber  esamined*  Tbe  latter  eompoand 
is  possibly  dinapbtbaeridone. 

Satisfactory  results  were,  however,  obtained  by  heating  5  grams  of 
l-bromo*2-naphthjlamine  witb  2  c.o.  of  metbylene  dicbloride  in  a 
dosed  tube  to  230 — ^240^  for  three-quarters  of  an  boor.  It  was  not 
found  advisable  to  work  witb  larger  quantities.  Tbe  oontente  of  tbe 
opened  tube  were  easily  removed  by  boiling  witb  metbylated  spirit 
oontaining  some  potassium  bydrozide  in  solution. 

A  bsavj,  Uack,  oily  substanoe  was  obtained,  wbiob,  whsa  wasbed  by 
deoantation  witb  cold  water,  solidified.  Tbis  was  rubbed  witb  a  little 
cold  acetone,  drained  on  a  filter,  and  dried  in  a  desiccator.  It  was 
then  t)oiled  witb  benzene,  and  tbe  bighly  fluoreooent,  but  dark,  solution 
filtered  from  an  insoluble  lesidue^  mixed  with  animal  cbarooal,  boiled 
for  two  bours  under  a  reflux  condenser,  and  again  filtered  and  allowed 
to  stend.  Tbe  solution  was  thereby  rendered  mndi  dearer,  and  slowly 
deponted  wdl-formed,  pale  brown  crystab.  One  or  two  farther 
reorystallisations  from  benzene  sufficed  to  purify  them.  When  pure 
they  are  of  a  very  pale  yellow  colour  and  melt  at  215  5°  (corr.)  They 
coiit  lin  bromine,  but  are  not  triboluminescent.    Od  analysis  : 

0-156 1  gave  0-401 1  COg  and  0  0500  H,0.    C  =  69-94  ;  H  »  3-6i. 

0-1920   „   6-7  c.c.  nitrogen  at  14^  and  756  mm. 

0-0853   „   0-0452  AgBr.    Br -22-54. 
CjiHjjN  Br  requires  0  -  70  39  j  H  -  3'35 ;  N  -  3-91 ;  Br  =-  22*34  per  cent. 

Tbe  substance  is  evidently  a  monohromodinaphlhaoridm§.  It  is 
essentially  different  from  a  dinaphthacridine  bromide  (compare  Senier 
and  Austin,  Trans.,  1904,  85,  1196),  since  it  may  be  boiled  with 
alcoholic  potassium  hydroxide  and  may  even  be  distolled  in  a  partial 
vacuum  without  decomposition. 

According  to  the  method  of  formatioa,  it  might  be  a  derivative 
dther  of  Beed*s  or  of  Strohbach's  base,  that  is,  either  7-bromo- 

^        'dinaphthacridine  or  l*bromo-  ^^^-dinaphthacridine. 
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li  k  vwdiiy  Mlabla  in  cblorolorm  or  aurbon  dualphide,  leas  so  in 
|fr»ifu^  or  toluene,  and  verj  sparingly  so  in  alcohol.  It  dis- 
soItss  easily  in  bot  glacial  acetic  add,  ^positing  yellow  crystals  on 
cooling.  Tlie  latter  melt  at  2W  and  have  not  yet  been  investigated. 
The  hjfdroekkndt  of  the  base  is  yellow,  and  is  precipitated  f roan  an 
alcoholic  sedation  by  means  of  hydrochloric  add.  Ko  method  was 
found  for  porif  jiug  it.  The  preparation  of  doable  salts  with  metals 
WIS  difficulty  owing  to  the  fact  that  no  very  suitable  solvent  could  be 
found. 

The  aunekhride,  [C^^lI^^^Br']g,[UAnCi^p  was  obtained  as  aydlow, 
floceulent  precipitate  when  a  few  drops  of  auric  diloride  solution 

were  added  to  a  solution  of  the  base  in  a  mixture  of  alcohol  and  acetic 
acid.  The  yellow  precipitate  was  washed  with  dry  ether  and  dried  at 
105'.    On  analysis  : 

CH)694  gave  0  0156  Au.    Au  =  22-47. 

O^fig^filfir^liu^  requires  Au«s  22*46  per  cent. 

The  plaHmeUoride,  [GnHt^Br]|,HsPt01«,  was  obtained  in  a  dmilar 
way  by  ndog  plaftinio  eUoride.  It  is  a  yellow  powder,  which  was 
washed  with  diy  ether  and  dried  at  101^.  The  spedmen  was  evi- 
dently not  quite  pure : 

0  0603  gave  O'OIOS  Pt.    Pt=  17  91. 

C^Hj^^gCl^Br,Pt  requires  Pt  =  17-31  per  cent. 


i.  Btpiaemnmi  qf  Ito  BromiM  in  MmuAr<m4kiim^pkihaendin»  hy 

Hydrogen, 

In  order  to  prove  the  constitution  of  monobromodinaphthacridine,  it 
wa*  necessary  to  replace  the  bromine  by  hydrogen.  The  reduction 
took  place  readily  by  the  action  of  an  alcoholic  aolutiou  of  stannous 
chloride  on  the  base  partly  dissolved  and  partly  suspended  in  alcohol. 
Some  tin  and  free  hydrochloric  acid  were  added,  and  the  mixture 
was  boiled  for  several  hoars  under  a  reflux  condenser,  when  a  green 
substance  gradually  lonned.  When  cold,  the  liqvnd  was  removed  by 
filtration,  and  the  green  snbstance  was  separated  mechanically  from 
the  residual  tin.  This  green  substance  was  boiled  with  methylated 
spirit,  in  which  it  was  moderately  soluble,  then  treated  with  potassium 
hydroxide,  boiled,  mixed  with  water,  and  the  yellow,  floceulent  pre- 
e^itate  obtained  was  dissolved  in  aqueous  pyridine.  The  filtered 
solalioD  deponted  orange  eiystals  melting  at  243**.    They  were 

identiliod  as  bis-^  ^ ^^-dinaphthacridine  dibydride  (Senior  and  Austin, 

bum.,  1906,  88,  1396),  which  is  known  to  give  a  green  hydro- 
cUondflb 

F  2 
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The  bromodiiiaphtbacridine  is  evidently  therefore  a  derivmtive  of 

5.  /nlm^fum  of  M^lhyiUm  DtMmdo  ani  l»NUrO'%-naphthyUmiin$, 

Whon  l-nitro-2-naphthylamine  was  heated  to  210^  in  a  closed  tube 
with  methylene  dichloride  for  one  hour,  it  was  found  that  no  reaction 
had  taken  place,  for  the  original  substance  was  recovered  unchanged. 
Another  attempt  was  made  by  heating  the  tube  to  250 — 260°  for 
two  hours,  when  the  contents  of  the  tube  were  completely  oharredy 
although  acridiuee  are  stable  at  this  temperature. 

Qalway. 


VII. — The  Direct  IrUeraction  of  Aryl  Htdides  and 

Magnesium. 

By  Jamis  Fbbdbriok  Spbnobb  and  Elsanob  Mabqubbitb  Stoebi. 

In  the  course  of  a  eeries  of  reactions  involving  the  use  of  theGrignard 
reagent,  we  obtained  evidence  which  led  us  to  doulit  the  necessity  of 
the  presence  of  ether  or  any  catalyst  in  the  preparation  of  magnesium 
aryl  halogen  compounds.  Preliminary  experiments  showed  that  aryl 
iodides  and  magnesium  react,  on  heating,  with  the  formation  of 
magnesium  aryl  iodides,  which  in  view  of  the  subsequent  action  of 
water  must  be  constituted  uccording  to  the  type  R'Mg'I. 

The  reaction  took  place  with  the  evolution  of  a  large  amount  of 
heat,  and  was  generally  complete  in  two  to  three  minutes ;  on  the 
addition  of  water,  after  cooling,  the  parent  hydrocarbon  was  re- 
generated with  the  evolution  of  heat :  ' 

RMgl + H,0  -  R*H + Mg(OH)L 

The  ease  with  which  the  combination  occurred  indicated  that  thia 
was  possibly  a  reaction  suitable  for  xemonng  halogens  from  cydic 
compounds^  and  so  capable  of  being  used  as  a  means  of  orientation  in 
the  case  of  substituted  compounds. 

With  the  object  of  testing  the  suitability  of  the  reaction  for  such 
determinutions,  we  have  studied  the  actiuu  of  magnesium  with  a 
iiuniber  of  aromatic  halogen  substitution  products,  and  have  found 
that  it  is  possible  to  remove  iodine  and  bromine  from  such  compounds 
uhnost  quantitatively,  and  to  obtain  a  large  yield  of  the  parent 
substance  as  product  of  the  reaction. 
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ThttB  fA-liromoaiiilme  gave  a  yield  of  90  per  cent,  of  the  theoretical 
^oaotttjof  aniline,  andji-broiiiopheDol  gave  40—50  per  cent,  of  the 
theoretieal  field  of  phenol. 

Halc^en  acids  and  nitro-compounds  containing  halogens  did  not 
yield  the  corresponding  acids  and  nitro-liydrocarbous.  In  tho  caso  of 
the  acids,  carboD  dioxide  Wiih  evolved,  and  with  the  nitio  compouuds, 
nitrogen  p>eroxide  was  evolved,  which  immediately  reacted  with  the 
magnesium,  giving  rise  to  so  much  heat  that  the  compound  was 
completaiy  charred,  a^d,  indeed,  in  one  experiment  the  teat-lube 
melted. 

Halogen  derivatives  of  naphtbaleno  react  in  the  s<ame  way  with 
magoesiumy  g-bromonaphthalene  yielding  70 — BO  per  cent,  of  naph* 
thalene* 

8imi1arly,  monobromoacenaphthone  gave  a  yield  of  about  50  per 
moLxt  the  theoretical  quantity  of  aeenaphtheiie  when  treated  in  the 
•aae  way. 

This  reaction  doee  not  eeem  to  be  general  for  ehloro-snbetittttton 
pndneta;  out  of  eiz  enbetanoes  investigated*  namely,  benaylidene 
diMde^  o>  and  jHshlcKopheaoly  a-chloronaphtimlene,  pehlorotoluene, 
end  e-chlogoanilin^,  a  reaction  was  fonnd  to  take  place  only  in  the 
CMC  of  o-cftiknoeDiiine;  in  this  instaacct  a  large  yield  of  aniline  was 
obtained.  lodobdnsene  and  hromobenaene  require  special  note,  for 
with  these  oompoonds  it  was  found  that  the  initial  reaction  proceeded 
in  two  directions,  as  indicated  by  the  equations  : 

(1)  C.HJ  +  Mg-^C.H.-Mg-I. 

(3)  2CeHJ  +  Mg-C.Hj-OA  +  Mgl8. 

The  products,  heniene  and  diphenyl,  were  present  in  quantities 
whicb  indicated  that  the  reaction  represented  by  (1)  had  taken  place 
iHth  about  45  per  cent,  of  the  lodobenzene,  aod  the  reaction  repre- 
sented by  equation  (2)  with  about  55  per  cent,  of  the  iodobenzene. 
The  formation  of  diphenyl  was  observed  by  Tissier  ami  Griguard 
{Compt.  rend.t  1901,  132,  32)  when  carrying  out  the  Urignard 
reaction  under  ordinary  conditions. 

We  have  done  little  up  to  the  present  with  aliphatic  compounds,  but 
preliminary  experiments  have  shown  that  methyl  iodide,  methylene 
iodide,  trimethylene  iodide,  and  i#opropyl  iodide  do  not  react  at  all 
with  magnesium  when  the  two  substances  are  heated  together.  Mono- 
brooiosuccinic  acid,  however,  does  react,  and  the  action  commences 
without  initial  heating  after  the  substances  have  been  mixed  for 
about  two  minutee.'  The  product  on  treatment  with  water  yields 
•nocinie  acid. 

Qtt  treating  the  magnesium  aryl  compounds  with  water,  we 
obtained  derivatives  which  may  be  used  for  deciding  the  position  of 
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gubatituting  groups ;  they  oan>  howevor,  also  be  used  for  porposes  of 
synthesis.  For  exaiikple>  magneeimn  phony  I  iodide,  prepared  by  Uie 
method  indicated,  was  ground  in  a  mortar  with  a  little  ahsolafeo 
ether  And  an  excess  of  solid  carbon  dioxide  for  aboni  five  minntes, 
the  prodaet  of  this  treatment  yielded  abont  hall  the  theoretical 
quantity  of  bensdo  acid  on  the  addition  of  dilate  hydrochloric  add. 
In  the  absence  of  ether,  the  yield  of  benioic  aoid  was  much  reduced* 

This  maction,  effseted  without  the  use  of  a  catalyst,  indicates  that 
ether  is  not  absolutely  necessary  for  the  reaction,  and  the  Grignard 
compounds  are  not  necessarily  formed  through  oxonium  compounds  of 
the  type : 

but  rather,  the  view  put  forward  by  Tschelini^ff  (i5«r.,  1905,  38, 
3664)  is  the  more  correct  one,  namely,  that  the  addition  occurs  first 
between  the  iodide  and  the  magnesium,  and  this  then  forms  an  addition 
compound  with  ether : 

RI  +  Mg-R-Mg-I. 

Experimental. 

InimieHon  of  lodobtnatm  and  Magm&wm, — ^Dry  iodobeosene 
(40  grams)  was  mixed  with  dry  nmgnesium  powder  (9  grams)  in  a 
small,  hard,  round-bottomed  flask  fitted  with^  an  air  condenser.  The 
mixture  was  carefully  wanned  over  a  free  flame  to  the  boOing  pcint  of 
the  iodobensene;  after  boiling  for  about  a  minute,  the  reaction 
commenced,  and  proceeded  without  any  additional  heating.  The 
product  was  a  light  grey,  homogeneous  mass,  which  was  slowly 
decomposed  by  the  moisture  of  tho  air,  forming  benzene.  When  the 
mass  had  cooled,  cold  water  was  slowly  adJod  to  it  ;  this  brought  about 
a  decomposition  which  was  accompanied  by  tho  evolution  of  heat.  As 
soon  as  the  decomposition  was  complete,  the  products  were  distilled 
with  steam,  when  benzene,  diphonyl,  and  unchanged  iodobenzene  were 
found  in  tho  distillate.  The  yield  of  benzene  was  44  per  cent.,  and  of 
diplienyl  54  per  cent.,  of  that  required  by  theory. 

The  melting  point  of  the  diphenyl  (70°)  was  unchanged  after  mixture 
with  an  equal  weight  of  pure  dipbcDjl. 

Interaction  of  Bromobmzene  and  Mtignenum. — In  this  case,  the 
reaction  did  not  occur  at  all  readily,  it  being  necessary  to  boil  the 
mixture  of  bromobenzene  and  magnesium  for  about  fifteen  minutss 
before  combination  took  place.  The  organic  products  and  yields  were 
the  same  as  in  the  case  of  iodobenzelieb 
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IniwaMm  o/  p^/odofefiMiM  and  Mfafffmimmf — p-Iodotolnm 
(15  gms)  and  magostiiiin  powder  (2  grams)  wm  misfid  and  gently 
wanned  in  a  hard  gla«  iatk  (Med  intli  an  air  oondenser.  As  mod  as 
Hie  boiHng  point  of  the  lodotoloene  was  rsaehed,  the  reaotion  also 
eonuMooed,  and  proeeeded  without  farther  heating ;  it  was,  however, 
net  as  violent  as  with  iodobeniena  The  prodaot  was  a  light  grey 
mass,  which  was  treated  with  water  and  distilled  in  steam.  The 
diitillate  was  extracted,  dried,  and  fractionated,  and  shown  to  consist 
of  toluene.  The  yield  was  87  per  cent.,  and  a  small  quantity  of 
unchanged  p-iodotolnene  was  also  recovered. 

Inleraeticni  of  o-Bromolohiem  and  Afagnssium. — The  interaction  of 
these  two  substances  took  place  in  exactly  the  same  way  as  in  the  case 
of  j^-iodotoliiene.  The  product  was  the  same,  and  the  yield  was  equally 
good. 

Iniertustion  m-Awmoaniline  and  Magnuium. — Dry  m-bromo- 
aniline  (15  grams)  was  mixed  with  magnesium  powder  (4  grams)  and 
heated  in  the  same  way  as  the  foregoing  mixtures ;  after  two  minnteiy 
a  most  violent  reaction  took  place.  A  yellow,  solid  mass  was 
obtained,  whieh  roaetod  so  Tiolently  with  water  that  the  liquid  boiled. 
The  whole  mass  was  then  distilled  in  steam,  and  the  oil  whjeh  passed 
orar  wns  extracted  and  fvaetionated.  A  yield  of  90  per  eent  of 
aniline  was  ohtained. 

/nfsroofMn  of  o4)hloroaidUn$  and  Magnunm, — This  reaotion  took 
plaoe  njctvemely  readily  when  heat  was  employed,  and  a  good  yield  of 
aaiUnn  was  pradnced. 

IntataaHom  of  ^^Btv/mopkenel  and  Magnuium, — p«Bromopheiio1 
(8  grams)  was  oiized  with  magneaiam  powder  (2  grams)  and  heated, 
the  reaction  commencing  suddenly  after  about  two  to  three  minatee' 
beating.  The  product,  a  light  grey,  solid  mass,  was  treated  with  water 
aod  diatilled  in  steam,  when  a  yield  of  4U  to  50  per  cent,  of  phenol 
was  obtained. 

When  tribromophenol  was  substituted  for  phenol,  the  reaction  took 
place  with  extreme  violence  and  evolution  of  heat,  causing  the  tube  to 
soften.  The  products  contained  less  bromine  than  the  original 
tribromopberiol,  for  on  the  addition  of  bromine  water  to  the  solution 
a  yellowish-white  precipitate  of  tribromophenol  was  formed,  Imt 
farther  identification  was  impossible,  nor  oould  the  vigour  of  the 
reaotion  be  leesened. 

Initraetum  of  a-BromonaphthaUn$  and  Mag^iesium. — a-Bromo« 
naphthalene  (20  grams),  mixed  with  magnesinm  powder  (4  grams),  was 
hsatsd  to  boiling  point,  when  a  vigorous  reaotion  commenced,  whioh 
eemplsted  iteelf  without  any  further  heating.  The  product  was  a 
white  and  apparently  ciystalline  mass.  When  cold,  the  addition  of 
water  was  attended  by  great  evohitioft  of  heat,  and  the  presence  of 
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naphthalene  was  at  once  evident  from  its  odour.  The  mass  was  then 
distilled  in  steam,  when  a  72  per  cent,  yield  of  naphthalene  was 
obtained.  The  yield  was  improved  by  the  use  of  excess  of  mague^ium  ; 
thus,  whilst  one  atomic  proportion  of  magnesium  furnished  a  yield  of 
44  per  cent,  of  the  theoretical,  from  three  times  the  quantity  a  yield 
of  72  per  cent  was  obtained.  The  change  in  the  yield  is  due  to  the 
smaller  amount  of  the  bromo-compound  escaping  reaction. 

InUrciclwn  of  Bromoacenap/uJieiie  and  Magnenum. — About  1  gram 
of  bromoacenaphthene  was  mixed  with  excess  of  magnesium  powder 
and  heated  over  the  free  dame.  The  reaction  did  not  commence  for 
about  five  minutes,  and  then  proceeded  quietly.  Water  was  tfaien 
added  to  the  product,  but  action  took  place  only  on  warming.  This 
was  in  all  probability  due  to  the  fact  that  the  magnesium  acenaphthyl 
'  bromide  was  protected  from  its  action  by  being  coated  with  unchanged 
bromoacenaphthene.  The  products  after  treatment  with  water  were 
extracted  with  alcohol,  and  the  aeenaphtbene  formed  crystallieed  out  in 
good  yield. 

The  investigation  of  this  reaetion  is  being  continued. 

Chbhical  Laboratory, 

BiDFOBD  COLLBOS, 

Bakbr  Stebbt,  W. 


VIll. — llic  Triazo-Grouj).    Part  1.    Trlazoacetic  Acid 
and  Triazoacetone  (Acetonylazoimide). 

By  Mabtik  Onslow  Fobstbr  and  Hans  Eduabd  Fimus.  . 

Despite  the  variety  of  triazo  derivatives  which  have  been  investigated, 
principally  by  Griess,  CurtiuH,  Noelting,  and  their  collaborator.s  during 
the  past  forty  years,  one  class  of  these  compounds  would  nppenr  to 
have  escaped  examination  ;  we  refer  to  those  types  in  which  the  triazo- 
group  has  replaced  hydrogen  in  carboxylic  acids,  ketones,  aldehydes, 
and  alcohols  of  ttie  aliphatic  series.  So  far  as  we  have  been  able  to 
ascertain,  the  only  triazo-ketone  to  be  met  with  in  the  literature  is 
camphorylasoimide  (Trans.,  1905,  87,  826),  and  it  is  chiefly  in 
oonnexion  with  this  compound  that  our  attention  has  been  drawn  to 
the  subject.  The  " triazoacetic  acid"  described  by  Curtius  and  Lang 
(/.  pr.  Chmn^  1888,  [u],  38,  632),  at  first  regarded  as  having  tiie 
constitution : 
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is  now  Tseognised  as  »  Knmoleealar  polymerids  of  disioscotio  tM ; 
sntiiled  bisdiuosisetic  aoid,  it  is  vsrionaly  repmented  as 

CX)^-CH<]^:5>CH-C0^, '  C0,HC<^^2>C-C0,H, 

or  CO^-0<^;^>C-CO^. 

In  tho  pnsont  oommnnieaUon,  we  describe  trisaoacekte  seid, 
Ng^C/H^'OOjH,  its  amide,  and  ethyl  ester,  along  with  the  simplest 
<rinao>]ralone,  aeetonylaiohnide  or  triaznacetone,  CBa'CO'CH^'N,. 
the  last-named  substance  is  the  true  analogue  of  camphorylazoimide, 
which  it  recalls  in  respect  of  its  behaviour  towards  potash  ;  the 
action  of  alkali  on  the  simpler  molecule  is  very  vigorous,  alcoholic 
potash  liberating  nitrogen  from  acetonylazoimide  almost  explosively^ 
whilst  the  aqueous  alkali,  even  when  very  dilute  (2  per  cent.),  sets  up 
a  brisk  effervescence.  There  is  a  distinction,  however,  between 
c;iinphorylazoimide  and  triazoacetone  in  regard  to  the  quantitative 
aiipect  of  the  change.  We  have  showQ  that  exactly  two-thirds  of  the 
nitrogen  is  liberated  from  the  camphor  derivative,  which  passes  into 
tbe  imine  oC  campborquinone : 

but  the  g'ai^ometric  study  of  the  alteration  which  acetonylazoimide 
undergoes  with  alkali  shows  that  subsidiary  to  the  change, 

CHs-CO-CHj-Nj  — >  CHg-CO-CHINH  -  v  CHg-CO-CHIO, 
there  occurs,  to  the  extent  of,  roughly,  15  per  cent.,  elimination  of 
hydraaoic  acid, 

CHg-CO-CHj-N,  +  H,0  -  CHjG0CH,-OH  +  HNj, 
which  does  not  take  place  when  camphorylasoimide  is  treated  with 
boiling  alkali.  This  difference  in  behaviour  probably  owes  its  origin 
to  the  absence'  of  the  cycloid  structnre^  which  renders  the  camphor 
derivative  more  stable^  and  also  to  the  more  hydrogsoised  condition  of 
tbe  carbon  atom  to  which  tbe  triaao-group  is  attached  in  acetonyl- 
mobnide,  as  well  as  to  the  comparative  freedom  of  the  nnsubstituted 
methyl  groups  because  a  preliminary  experiment  with  2-triaso^eio^ 
baxaaooe  baa  indicated  that  in  tins  case,  also,  both  changes  proceed 
nultaiMOQaly : 


Yields  nitrogen  sad  Yields  nitro^'cii  and  Yields  nitrogen  only. 

hydmzoic  acid.  hydrazoic  acid. 

The  facality  with  which  nitrogen  is  eliminated  from  these  compounds 
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Appeals  to  depend  on  the  imiBeduiteiieigliboiirliood  of  tlie  Mooie  and 
triaio^oapei  and  ledb  ns  to  enggeeti  m  a  poseiUe  ezplanatimi,  that 
ibe  aetion  of  alkali  Is  sucii  as  to  bring  about  the  fomation  of  an 
imiAaUe  ring<«ystein  from  which  nitrogen  is  forthwith  liberated : 

—00  -<!  6  --OIO 

Accepting  the  common  view  of  the  triazo-group,  a  nd  comparing  it 
^ith  the  diazo-complex  as  occurring  in  diazomethane  and  diazoacetio 
ester, 

— N<||  0H,<§  CO^BfOH<^ 

it  will  be  recognised  that  two-thirds  of  the  nitrogen  in  the  first^named 
ffadiole  stands  in  that  relation  to  the  remainder  which  is  borne  by  the 
nitrogen  in  alphatic  diaao-oomponnds  to  the  carbon  with  which  it  ia 
oombined.  Now  there  exists  a  oonsiderable  body  of  evidenee  to  show 
that  the  nitrogen  in  diaaomethane  and  diasoacetio  eater  is  oapable  of 
taking  part  in  additive  action,  the  products  parting  easily  with 
the  element  in  question.  For  instance,  BnduMr  {AmuiX$n,JlS9S,  273f 
214 ;  compare  also  Bnchner  and  Plapendieck,  loe,  eii,,  33S  and  S46 ; 
Boehner  and  Witter,  he.  aU.,  239)  found  that  when  ethyl  diaso- 
acetate  acta  on  the  eaters  of  unsatnrated  acids,  pyraa(rfinedicarboiylio 
osters  are  produced,  whieh  lose  nitrogen  when  heated,  yielding  tri- 
methylenedicarbozylio  esters : 

<^-§«  .  g>o«.oo.«.  .  "^^i^^ . 

▼on  Pechmann,  again  {Ber.,  1894,  27,  1890),  obtained  methyl 
pyrazoline-4 : 5-dicarboxylat6  by  the  interaction  of  diazomethane  and 
methyl  fumaiate, 

OO^-bfi  ^  "  00jMe«CH-N:N~  ]' 


the  pyrazolinecarboxylic  esters  l)eing  here  represented  in  their  pseudo- 
form  to  indicate  more  clearly  the  loss  of  nitrogen.  Another  ring- 
sybtem  which  readily  parts  with  the  element  arises  from  diazomethane 
and  thiocarbimides,  von  Pechmann  and  Nold  (i^sr,,  1896,  99, 25b8) 
having  shown  that  phenylaminothiodiazole, 


behaves  in  this  manner  when  fused,  whilst  the  recent  conversion 
of  aldehydes  intu  methyl  ketones  by  the  action  oi  diazomethaue 
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(BddaUarbcefc,  Jiir.,  1907,  40,  479)  lias  been  explained  with  eone 
planiibility  by  aasiiming  the  intermedtate  formation  of  farodienlee, 

^  ^  R  CH-O-i-Ni      „  R-C:0 

Hanee  the  poenbOity  of  mntaal  fatUfaofcion  of.  affinity  between  the 
ewbonyl  and  triaio^gnmps  appears  by  no  meana  remote^  and  is 
independent  of  the  alternative  representations, 

-K:N:N  and  -OHIHiy, 
whidi  'mii^t  be  used  for  the  aaoindde  oomplez  and  aliphatio  diaso- 
indiele  re^eetively. 

argoment  in  favour  of  this  ezpfaination  may  be  drawn  from 
the  bebavionr  of  triazoformic,  as  compared  with  that  of  triazoacetic, 
ester.  When  ethyl  triazoformate  is  treated  with  aqueous  potash,  the 
8ubi>tance  is  promptly  hydrolysed,  oitrogen  being  eliminated  exclusively 
in  the  form  of  hydra  zoic  acid  : 

here  there  is  no  hydrogen  attached  to  the  carbon  atom  with  which  the 
iriaao-gronp  is  eombined,  and  eonseqnently  the  tendency  towards  ring- 
formation  as  indicated  above  cannot  find  ezpreaeion,  whereas  triaso- 
aeetio  add  so  far  reaembles  triaaocamphor  as  to  yield  nitrogen  when 
boiled  with  eicess  of  potash,  nnaecompanied  by  hydraaoio  acid,  ' 

N.-cHj-cOja  — >  N5+nh:oh-oo,h, 

although  the  negative  hydroxy  1  group  certainly  exerts  a  powerful 
retarding  influence  on  the  change.  Whilst,  however,  this  hypothesis* 
of  potential  ring-formation  appears  to  us  a  reasonable  one,  difficulty 
arises  in  connexion  with  triazoacetoxime  and  the  oxirae  of  camphoryl- 
azoimide.  It  has  been  shown  that  the  latter  .substance  yields  hydrazoic 
acid  instead  of  nitrogen  with  alcoholic  potash  (Trans,,  1907,  91,  874), 
but  we  now  find  that  triazoacetoxime  furnishes  both  hydrazoic  acid  and 
nitrogen  with  the  utmost  readineee,  and  a  comparison  of  the  formulas : 

does  not  suggest  an  explanation  of  this  apparent  discrepancy.  Tri- 
azoacetoxime is  a  very  labile  substance,  however,  and  cannot  be 

distilled,  even  under  2  mm,  pressure^  without  undergoing  decomposi- 
tion ,  moreover,  we  believe  it  has  a  tendency  to  undergo  transforma- 
tion into  the  nitroso-modification,  and  consequently  it  may  be  supposed 
that  the  liberation  of  nitrogen  is  due  to  intermediate  association  of  the 
tiiaxo-  and  nitroso-groape, 

CH,"Ng  CHINH-lj  CH:NH 

CH     I  ^  OB,.  I     I     N        CH,.  I  +Ny 
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opportunity  for  wbieh  does  not  pmeilt  iteelf  in  the  oeee  of  the 
cunphoryl  derivatiTe. 

The  properties  of  triasoieetic  eeter  naturally  invite  oompariaon 
with  those  of  the  corresponding  diaso-oompound,  prepared  by  Onrtius, 
and  the  coDtrost  between  the  two  substances  brings  out  once  more  the 
stability  of  the  triazo-group  as  compared  with  the  diazo-complex. 
Boiling  water,  iodine,  mercuric  oxide,  and  ammoniacal  silver  oxide 
leave  the  ester  unchanged,  and  sodium  does  not  dissolve  in  the  cold 
substance;  it  is,  moreover,  colourless,  and  the  odour  is  very  faint. 
Furthermore,  triazoacetic  ester  may  be  hydrolysed  to  the  acid,  which 
is  a  well-defined  substance,  and  does  not  decom|X).se  below  100^, 
whereas  attempts  to  liberate  diazoacetic  acid  by  passing  carbon  dioxide 
through  the  hydrolysed  ester  result  in  liberation  of  nitrogen,  whilst 
conoentrated  aqueous  alkalis  induce  simultaneous  hydrolysis  and  poly- 
merisation,  leading  to  bisdiazoacetic  add. 

We  are  engaged  in  studying  the  ti-inzo-derivatives  of  other  typical 
members  of  the  aliphatic  series,  including  alcohols,  aldehydes,  ketones, 
and  estevs ;  such  compounds  have  heen  prepared  from  me^yl  ethyl 
ketone^  malonie  ester,  and  acetoacetic  eater,  and  we  hope  to  describe 
these  in  a  subsequent  communication. 

EXPBRIH  BNTAL. 

Triazoaceiic  Acid,  N,-CHj-CO^H. 

Fifty  grams  of  triasoaoeUc  ester  were  shaken  with  a  20  per  cent, 
solution  of  potasfiium  hydroxide  containing  21  grams,  this  being  a 
slight  deficit  from  one  molecular  proportion;  the  temperature  rose 
and  the  oil  disappeared  slowly^  but  there  was  no  liberation  ef  gas. 
After  being  twice  extracted  with  ether,  the  neutral  solution  was 
treated  with  the  calculated  amount  of  sulphuric  acid  and  extracted 
fifteen  times  with  ether,  which,  when  dried  with  ignited  sodium 
sulphate,  left  a  very  pale  yellow,  oily  liq  ^iii  on  evaporation.  This  was 
heated  in  boiling  water  during  one  hour  under  2  mm.  pressure,  when 
the  acid  was  found  to  be  suflBciently  anhydrous  to  solidify  in  melting 
ice,  but  there  was  no  distillation  at  this  temperature,  and  it  was  not 
considered  safe  to  heat  the  substance  more  strongly. 

Triazoacetic  acid  crystallise^  in  hygroscopic,  glassy  plates,  and 
melts  at  about  16^.  It  has  a  Very  faint  odour,  suggesting  that  of 
butyric  acid  without, the  pungent  effect;  the  substance  is  a  strong 
add,  and  feels  greasy  when  rubbed  between  the  fingers.  On  a  hot 
plate,  the  acid  detonates  with  a  moderate  explosion  and  takes  fire, 
but  when  it  is  heated  in  a  capillary  tube  a  violent  detonation  occurs. 
It  does  not  r^iucs  ammoniacal  silver  oxide,  even  on  boiling  the 
solution. 
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The  aaalyus  of  tinazoaeetic  acid  and  ester  has  pressented  iinQsual 
cl»teelea»  and  move  than  twenty  attempts  have  been  made  to  obtain 
safttsfadocy  results.  The  prtneipal  difficulty  lies  in  the  fact  that 
wkm  eombasfeion  is  eondaeted  under  ordinary  conditions^  methane 
appean  among  the  products,  whilst  adopting  the  device  which  has 
been  snggsstsd  to  meet  this  drawback,  namely,  snbstitntbn  of  lead 
chromate  for  copper  oxide  and  mixing  the  substance  with  cuprons 
cUoride  (Dnastan  and  Osxr,  Proc,  1896,  12,  48,  and  Haas,  Trans., 
1906,  89,  570),  low  results  were  obtained  consequent  on  the  pro- 
doetion  of  methylamioe.  In  the  case  of  the  acid,  combustion  for  per> 
centage  of  carbon  and  hydrogen  was  finally  carried  out  in  a  tube 
containing  platinised  asbestos,  an  attempt  being  made  tx)  maintain 
throughout  the  operation  a  large  excess  of  oxygen,  which  was  used 
instead  of  air  ;  for  the  purpose  of  estimating  nitrogen,  advantage  was 
taken  of  the  fact  that  when  potassium  triazoacetate  is  heated  with 
excess  of  potash  the  triazo-group  undergoes  disruption,  and  accordingly 
the  weighed  substance  was  mixed  with  20  per  cent,  aqueous  potash 
before  being  placed  in  the  combustion  tube  : 

OilSOe  gave  0-2913  CO^  and  0  0892  Kfi.   0  »  24-03 ;  H  *  2-99. 
0O947   „    34*26  o.e.of  nitrogen  at  18*6^  and  747  mm.  N-41-6i. 
OjHjjO^Ng  requires  0-28*76  ;  H-2*97 ;  N»41*58  per  cent. 

Ib  view  of  the  violence  with  which  aromatic  azoimides  lose  nitrogen 
when  treated  with  concentrated  sulphuric  acid,  the  bebaviour  of  the 
agent  towards  triazoacetic  acid  is  remarkable;  when  mixed  with  con- 
centrated sulphuric  acid  on  a  watch-glass,  no  change  takes  place 
immediately,  and  only  on  vigorous  stirring  with  a  glass  rod  does  gas 
appear,  veiy  slowly  at  first,  but  quickly  increasing  in  briskness. 

Estimation  of  molecular  weight  was  conducted  in  beniene  and  in 
phenoL  In  the  former  solvent,  221  units  represents  the  average  of 
three  experiments,  whilst  in  phenol  the  mean  of  four  amounted  to  99 
units,  the  solution  being  brown;  the  formula  CjH^OjNg  requires 
101  units. 

SalU  of  TrituQaeetic  iloM2.— The  iUv^r  salt,  CjH^O.N^Ag,  obtained 
as  a  curdy  precipitate  on  adding  silver  nitrate  to  a  neutral  solution  of 
potassium  triaaoaeetate,  may  be  crystallised  from  boiling  water  in 
presence  of  a  few  drops  of  dilute  nitric  acid,  separating  in  colourless, 

lustrous  needles.  An  attempt  to  estimate  the  silver  by  cautious 
evaporation  with  nitric  acid  having  led  to  a  slight  detonation,  a 
weighed  quantity  of  the  substance  was  ml  need  willi  ammonium 
eulphide,  the  silver  sulphide  thereby  precipitated  being  converted 
into  silver.  For  the  purpose  of  estimating  nitrogen,  the  salt 
vriis  mixed  with  20  per  cent,  potash  before  being  placed  in  the 
tube: 
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0-2661  gave  0-1385  Ag.    Ag  =  52  05. 

0'192a    „    34-4  C.C.  of  nitrogen  at  lO""  and  745  mm.  20*50. 
C^H^O^gAg  requires  Ag-61-92 ;  N -20*20  per  cent. 

When  lieated  on  an  iron  pkte^  the  snbetonoe  detonatee  mildlj  and 
boms  biif htiiy. 

An  attempt  to  prepare  the  copper  salt  led  to  a  carious  lesolk 
Having  noticed  that  copper  8ttl|ihate  develops  a  deep  green  cdoratton 
when  mixed  with  potassium  triasoacetate,  copper  oadde  was  dissolved 
in  an  aqueous  solution  of  the  free  acid.  It  was  noticed,  however,  that 
this  solution  steadily  liberates  gas  when  heated  on  the  water-bath, 
and,  although  the  liquid  may  be  concentrated  at  40°,  an  attempt  to 
obtain  crystals  of  the  copper  salt  by  leaving  the  liquid  in  a  desiccator 
failed,  because  at  a  high  concentration  gas  was  evolved,  even  at  the 
ordinary  temperature.  A  dark  green,  hygroscopic  powder  finally 
remained,  and,  on  warming  an  aqueous  solution  of  this  product  with 
dilute  potash,  it  remained  momentarily  clear,  but  suddenly  precipi> 
tated  cuprous  oxide  and  liberated  ammonia. 

The  potassium  salt  is  freely  soluble  in  water,  and  is  precipitated 
by  concentrated  potash.  A  neutral,  moderately  dilute  solution  is 
surprisingly  stable,  and  may  be  boiled  without  evolving  gas,  but  on 
adding  to  the  hot  liquid  some  40  per  oent.  potash,  torrents  of  gas  are 
liberated,  followed,  after  a  momentary  pause,  by  another  rush  of  gas, 
consisting  of  nitrogen  and  ammonia,  and  the  effervescence  is  continued 
in  this  characteristic  fashion  by  further  addition  of  alkali  We  have 
made  several  attempts  to  isohtte  the-  products  'of  this  change^  which 
should  include  glyozylic  acid,  but  hitherto  we  have  been  able  to  recog- 
nise only  oxalic  add,  wUch  probably  arises  from  glyoxylic  add  by  the 
action  €/t  potash.  When  the  potssdum  salt  has  been  treated  with 
excess  of  alkali  in  the  manner  indicated  above,  tiie  liquid  depostte 
crystals  on  cooling,  but  the  oompodtion  of  this  product  appears  to 
vary  considerably  according  to  the  conditions  of  the  experiment.  On 
one  occasion,  a  small  quantity  of  a  substance  was  obtained  which  left 
no  residue  on  evaponition  with  concentrated  sulphuric  acid,  and 
appeared  to  be  an  ammonium  salt ;  it  reduced  ammoniacal  silver 
oxide  and  Fehling's  solutions  immediately  without  warming,  but  this 
property  disappeared  on  boiling  with  potash|  and  the  reaction  is  being 
studied  therefore  more  fully. 

A  neutral  solution  of  potassium  triazoacetate  gives  a  lustrous, 
crystalline  precipitate  with  lead  nitrat^  and  a  deep  red  coloration 
with  ferric  chloride. 
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Two  hundred  grams  of  ethyl  chloroacetate  and  100  grams  of  alcohol 
W4re  heated  under  reflux  during  three  hours  with  120  grams  of 
■odiiim  aside,  and  sufficient  water  to  maint  iin  the  salt  in  solution ;  s 
cnnsBfc  oC  steam  was  then  passed  through  the  liquid,  from  which  th« 
•star  ms  quickiy  rsmovsd.  On  dilattng  the  distillate  with  wateri 
adding  a  iwiwidermble  ^loantity  of  crystalllssd  sodinm  aoetatSy  and 
allowing  the  heavy  oil  to  sepatats,  190  grams  of  the  snbataiioe  were 
nhtained,  and  this  was  shaken  twice  with  watery  dried  with  ealoinm 
chloridsp  and  distilled  under  8  mm.  pressure,  when  it  boiled  to  the  lait 
few  drops  ai  44-^e<». 

The  dii&eultiss  prssented  by  the  analysis  of  this  ester  have  been 
mentaoned  above^  and  after  eight  attempts,  the  indicated  results  of 
which  vary  between  19*8  and  34*3  per  cent,  of  nitrogen,  we  are  still 
unable  to  record  a  satisfactory  estimation  of  this  element  ;  by  the 
use  of  platinised  asbestos,  however,  fairly  concordant  determinations 
of  carbon  and  hydrogen  have  been  obtained,  although  these  have  been 
asually  too  high,  owing  to  the  ditHculty  of  avoiding  the  formation  of 
nitrous  fumes,  even  ia  presence  of  silver  gauze : 

0*1571  gave  0*3100  00,  and  0-0790  fi^O.   0  »  36  30  j  H  «  5*68. 
O^H^If,  rsqnires  0-57*31 ;  H«5-43  per  cent. 

We  are  indebted  to  Dr.  Joshua  for  an  independent  estimation  of 
carbon  by  oxidation  with  a  mixture  of  sulphuric  and  chromic  acids : 

01202  gave  0  1620  00^   C  «  36*76  per  cent. 

IthappoiSy  unfortunatelyi  that  the  gasometric  estimation  of  nitrogen 
eliminatsd  by  concentrated  sulphuric  acid,  hot  potash,  or  stannous 
eUeride  esnnot  he  used  to  supplemeat  the  ahoye  analytical  data 

regarding  the  ester,  because  the  action  in  each  case  takes  an  abnormal 
coarse,  and  the  percentage  of  gas  evolved  by  these  agents  agrees  moro 
closely  with  half  the  azidic  nitrogen  (16  3  per  cent.)  than  with  two* 
thirds  (21*7  per  cent.).  So  regular  is  this  discrepancy  from  the 
expected  result  that  we  became  suspicious,  before  the  analytical 
difficulties  were  surmounted,  regarding  the  identity  of  the  ester,  as  it 
seemed  possible  that  the  triazo-group  had  conferred  on  acetic  ester  the 
capacity  to  form  an  alcoholate,  because  it  happens  by  chance  that 
two-thirds  of  the  nitrogen  required  by  the  formula, 

Nj-CH5-C(0Et)j-0H 
amouQts  to  16*0  per  cent.,  or,  roughly,  half  the  nitrogen  content  of 
the  simple  ester.    Accordinglyi  a  specimen  of  triaaoacetie  ester  was 
prepared  by  heating  50  grams  of  ethyl  chloroacetate  under  reflux  with 
sodium  aside  dissolYed  in  nater,  but  the  product  was  found  to  cone* 
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spond  in  every  i-cspoct  with  the  ostcr  prepared  in  presence  of  alcohol  ; 
the  action  procee<ls  in  the  same  way,  but  is  much  more  sluggish  than 
when  alcohol  is  used.  The  abnormal  behaviour  indicated  above  still 
awaits  ezplanatioD,  therefore,  and  we  hope  to  furnish  this  later. 

ManMcetic  ester  is  a  limpid,  colourless  oil,  having  a  faint,  sweet 
odour,  more  suggestive  of  chloroform  than  of  ethyl  acetate,  the 
resemblance  to  the  latter  becoming  more  marked  in  steam,  with  which 
the  substance  is  readily  volatile ;  when  inhaled  for  some  seconds,  the 
vapour  prodnoet  a  throbbing  sensation  in  the  head,  and  sUgbt  palpite- 
taon  of  the  heart  On  mixing  with  conoentrated  snlphiuio  add,  tliere 
is  no  efferrescenoe  at  first,  bat,  on  stirring  vigoroasly,  gas  is  fiberated 
slowly,  the  disengagement  becoming  ultimately  quite  brisk;  with 
stannous  chloride  dissolved  in  concentrated  hydrochloric  aoid,  nitrogen 
is  evolved  inmiediately.  When  the  ester  is  shaken  and  wanned  with 
10  per  cent,  cansde  potadi,  it  is  quickly  hydrolysed,  forming  a  clear 
solution  of  potassium  triazoacetate,  but  concentrated  alkali  (40  per 
cent.)  appears  to  leave  the  substance  unchanged,  unless  alcohol  is  added 
or  the  temperature  raised.  Freshly-cut  sodium  does  not  dissolve  in  it 
unless  the  liquid  is  heated,  when  vigorous  action  takes  place ;  the 
substance  is  indifferent  towaids  mercuric  oxide  and  a  solution  of 
iodine  in  potassium  iodide. 

The  specific  gravity  of  triazoacetic  ester  is  1*127  compared  with 
water  at  20'^  An  estimation  of  molecular  weight  in  benzene  gave 
119, 125,  and  127  units,  the  formula  C^UyO^N,  requiring  129. 

TriazoaeetamicU,  N3*CH,*00«NH,. 

When  shaken  with  lujueous  ammonia,  the  ester  dissolved,  and,  on 
evaporating  on  the  water-bath,  a  pale  red  liquid  remained  which 
solidified  on  cooling  ;  this  was  drained  on  earthenware,  and  recrystal- 

lised  twice  from  hot  benzene  : 

0-1411  gave  68*4  cc.  of  nitrogen  at  20""  and  768  mm.  56*30. 
C^H^ON^  requires  K  »  56*00  per  cent. 

Triasoaeetamide  forms  tough,  lustrous,  colourless  needles,  frequently 
exoeedini^  an  inch  in  length,  and  melting  at  68**;  it  is  readily  soluble 
in  water  and  in  alcohol,  but  is  most  conveniently  crystallised  from  hot 
bensene/in  which  it  is  moderately  soluble^  whilst  boiling  petroleum 
ahio  dissolves  it,  but  less  freely.  Wiien  thrown  on  a  hot  plate,  it 
detonates  feebly  and  takee  fire. 

The  substance  is  unusually  resistant  towards  eonoentvated  sulphnrie 
acid,  with  which  it  must  be  warmed  to  about  50^  before  gas  is  liberated ; 
cold  60  per  cent,  aqueous  potash,  however,  attacks  it  immediately^ 
torrents  of  nitrogen  and  ammonia  being  liberated,  whilst  more  dilute 
solutions  of  alkali  disrupt  the  triazu-group  very  slowly.    An  aqueous 
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flolotioD  of  ihe  amide  dusolres  yellow  merearic  oxide  on  boUiiig»  bot 
the  reenlttDg  compoond,  unlike  merenrj  acetaniide»  does  not  lose  the 
Betel  when  treated  with  hydroxylamine  hydrochlonde,  a  precipitate 
bebg  fofmed  only  on  adding  alkali,  when  effervesoenee  takes  plaoe 
(oompaie  Trana.,  1898»  73,  785). 

Ethyl  Triazo/orHuUe,  Ng-COj-CgHj. 

Methyl  azoimidocarbonato  was  prepared  by  Cartios  and  Heidenreich 
(/.  fr.  CAeiM.,  1895»  [ii],  52,  464)  from  ammoninm  aaoimide  and 
mifthyl  ehknooarbonate^  and,  in  order  to  compare  the  condition  of  the 
trisioigroap  in  this  type  of  oompoond  with  the  behayionr  of  the  same 
oomplez  oooorring  in  the  acetic  series,  we  have  examined  the  corre* 
spending  ethyl  eeter,  which  was  prepared  by  agitating  50  grams  of  ethyl 
ehlofoearbonate  with  an  aqueons  solution  of  sodinm  aside  containing 
S5  gfams  until  the  pungent  odour  of  the  original  material  was  no 
k>nger  perceptible ;  the  heavy  oil  was  then  removed,  dried  with  sodinm 
sulphate,  and  distilled  under  2  mm.  pressure,  when  it  boiled  steadily 
at  26^ 

The  colourless,  limpid  ester  han  sp.  gr.  1118  compared  with  water  at 
18  ,  and  boils  at  114*^  under  769  mm.  pressure,  but  is  liable  to  explode; 
the  odour  is  more  powerful  than  that  of  triazoacetic  e«ter,  and  the 
disagreeable  effects  of  inhaling  the  vapour  are  much  more  marked. 
It  may  be  mixed  with  concentrated  sulphuric  acid  or  40  per  cent,  potash 
without  evolving  gas,  but  the  alkali  hydrolyseg  it  completely  to  hydrazoic 
acid,  alcohol,  and  carbonic  acid  ;  it  is  therefore  impossible  to  produce 
itiazoformic  acid,  or  even  the  salts,  because  a  deficit  of  alkali  merely 
leaves  the  corref^ ponding  amount  of  ester  unchanged.  Alcoholic 
ammonium  sulphide  reduces  ethyl  triazoformate  to  urethane,  nitrogen 
being  set  free. 

The  monochloroacetone  required  for  the  production  of  triazbacetone 
was  prepared  by  Fritsch's  method  (AnnaUn,  1894,  279,  313),  which 
we  have  found  to  yield  excellent  results. 

One  hundred  grams  of  chloroacetone  (b.  p.  119 — 12P)  were  shaken 
with  a  concentrate<l  aqueous  solution  of  sodium  azide  containing  80 
grams,  to  which  a  few  drops  of  glacial  acetic  acid  had  been  added ; 
after  twenty-four  hours,  the  pungent  odour  of  chloroacetone  being  no 
hmger  perceptible,  the  oil  was  extracted  with  ether,  dried  with  sodium 
sul{duiie^  and  distilled  under  2  mm.  pressure.  The  producti  weighing 
90  grams,  was  shaken  with  freshly-ignited  sodium  sulphate,  and  again 
diatilied  under  2  mm.  pressure,  the  major  portion  boiling  at  54°,  and 
having  sp«  gr.  1*183  compared  with  water  at  18^ : 
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0*3898  gav«  0*3204  00,  and  01132  H,0.  0-36*44 ;  H •6*24. 
0-1685   „  61*1  e.e.  of  nitrogen  at  19**  and  761  mm.  N-42*45« 
OsHgONg  requires  0«  86*36 ;  H-6*05  ;  N- 42*42  per  cent* 

Freshly-distilled  triazoacetone  is  a  colourless,  highly  refractive 
liquid  having  a  faint  odour,  but  after  a  few  days,  even  when  preserved 
in  a  well -stoppered  bottle  and  protected  from  light,  the  odour  of 
carbylamine  is  noticeable  in  the  specimen,  which  h&s  become  yellow. 
The  snbetance  exhibits  no  tendency  to  solidify,  remaining  quite  limpid 
in  a  freezing  mixture ;  it  is  sparingly  soluble  in  water,  and  very  readily 
Tolatile  in  steam.  Wlien  dropped  on  a  hot  plate,  triazoacetone 
explodes,  and  buns  with  a  brilli:int  flame ;  concentrated  sulphuric 
aoid  deoompofiOB  the  substanoe  immediately,  liberating  nitrogen. 

Aetim  Alkali, — ^When  triaioaoetone  is  treated  with  concentrated 
aqneous  potash  (40  per  cent»),  nitrogen  is  liberated  with  almost 
ezploeive  Tiolenoeb  and  the  liquid  becomes  red ;  even  with  a  1  per 
cent,  solution  of  the  alhali,  gas  oTolntion  is  quite  brisk,  and  several 
oooeordant  estimations  of  the  nitrogen  evolved  during  the  change 
indicated  that  this  amounted  to  roughly  4  per  cent,  less  than  two* 
thirds : 

0-1660  gave  33-4  c.c.  of  nitrogen  at  22?  and  761  mm.  N-24*S. 
OfifiS^  requires  2/dN  -  28*3  per  cent. 

By  decomposing  6  grams  of  the  triaso-ketone  at  one  time,  steaming 
the  product  while  alkaline,  then  adding  dilute  sulphuric  acid  and  dis- 
tilling again,  we  were  able  to  show  that  the  deficit  indicated  above  is 
due  to  simultaneous  production  of  hydrazoic  acid,  which  was  easily 
recognised  in  the  acid  distillate.  Excepting  ammonia,  however,  the 
other  products  of  the  changes  involved  are  not  easily  identitied.  The 
fact  that  nitrogen,  ammonia,  and  hydrazoic  acid  are  eliminated,  indi- 
cates that  the  following  decomposition  occurs : 

I.  N,  CH,*00*OH,-N,+NH:OH«00-OHg. 

II.  NfllOH'OO-OHg  +  HjO  =  N  Hj  +  0:OH*00*OHg. 
in.  N,«CH3-C0*0H,+  HjO«HN,  +  HO-CH2-CO*OHg. 

Accordingly,  it  should  be  possible  to  recognise  both  pyroracemlc 
aldehyde  and  acetol  in  the  product^  and,  althon^  we  have  failed  to 
isoUte  these  oompoonds^  probably  owing  to  the  further  action  of 
alkali,  the  presence  of  reducing  materials  is  indicated  by  vigorous 
action  on  Fehling's  solution  and  ammoniacal  silver  oxide. 

7%s  SemkarbMOM, — On  mixing  6  grams  of  triaioaoetone  with 
6*5  grams  of  semicarbaside  hydrochloride  and  5  grams  of  sodium 
acetate  in  water,  the  semicarbaaone  was  precipitated  immediately. 
After  being  recrystalHsed  twice  from  absolute  alcoholi  it  melted  at 
152^  without  evolving  gas  : 
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0  1258  gave  58  7  c.c.  of  nitrogen  at  22'"  find  761  mm.    N«  54-06. 
CJijOU^  requires  N  »53'84  per  ceot. 

The  semiearbftzone  crystalliaee  from  WAter  or  alcohol  in  loog, 
brilliant  needles;  it  effenresoes  with  aqueous  potash  aiid#  more 
slowly,  with  ooncentrated  sulplrarie  add. 

This  derivative  has  been  prepared  from  several  specimens  of  triazo* 
noetooe^  as  it  fonns  a  oonveftiient  sabstanoe  hy  which  to  identify  the 
ketone  and  on  one  occasion  the  latter  remained  in  assooiatbn  with 
eonsss  of  semiesrhaside  during  several  hoars.  The  prodaet  in  this 
esse  was  quite  distinct  from  the  semicarbaaone  described  above^  being 
very  sparingly  soluble  in  common  media,  and  precipitated  by  alkali 
from^  solation  in  acids.  A  specimen  recrystallised  from  glacial  acetic 
add  was  therefore  analysed,  but  the  combustion  presented  considerable 
difficulty,  Hb  ttie  substance  has  no  definite  melting  point,  and  decom- 
poses at  a  high  temperature,  living  carbon  : 

0-1476  gave  0  1733  CO.^  and  0  0763,H,O.    0  =  32  02;  H  =  5-78. 
0-1300    „    50-3  c.c.  of  nitrogen  at  17^  and  758  mm.    N  -  45*43. 
C^HjoOjN^  requires  0-32-25 ;  H»6*38 ;  N»45-16  per  cent. 

We  believe  therefore  that  this  compound  is  the  bU-wmiearbatone 
ci  methylgl jozali 

oh,-o(:N'NH-oO'Nh,)'Oh:N'NH'Oo«nh„ 

because  we  have  found  that,  under  certain  conditions,  hydrozjiamine  is 
capable  of  traasfotming  aoetonylaaoimide  into  methylglyozime, 

ob[,*o(:koh)»oh:noh  ; 

the  latter  change  indicates  a  disposition  to  undergo  oxidation  on  the 
part  of  the  terminal  carbon  atom,  recalling  tiie  behaviour  of  fructose 
towards  phenyl  hydrazine,  but,  so  far  a^,  we  know,  the  alteration  in 
question  has  not  previously  been  effected  by  semicarbazide. 


2rWasoac6loamiw,  K,«OH2-0(:NOH)*OH,. 

Five  grams  of  triazoacetone  were  warmed  to  50'^  with  a  solution  of 
hydroxylamine  containing  4  grams  of  the  hydrochloride  in  80  c.c.  of 
wnter,  neutralised  with  3*2  grams  of  anhydrous  sodium  carbonate  ;  the 
oil  disBolvedf  and  the  solution  suddenly  became  turbid.  After  two 
hooM^  agitation,  the  product  was  extracted  with  redistilled,  purified 
ethsr,  and  dried  with  sodium  sulphate,  the  solvent  being  removed  by 
ezpomng  the  liquid  to  a  pressure  of  2  mm.  during  four  hours : 

(Hff86  gave  88*5  co.  of  nitrogen  at  18^  and  746  mm.  49*01. 

OgHgON^  requires      49*12  per  oent. 

This  experiment  was  made  subsequently  to  an  attempt  to  distil 
50  grams  of  triazoacetoxime  under  2  mm.  pressure.  On  this  occasion, 
about  25  grams  boiled  at  84%  whilst  the  residue  in  the  flank  gradually 
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beoame  dark  brown,  finally  explodiug  with  considerable  violence ;  the 
distillate  was  colourless,  and  bad  a  faint  odour  of  prtunie  aeid»  which 

alone  indicates  decomposition,  since  the  undistilled  oxime  is  odourlesSi 
and,  moreover,  when  unalysed,  furnished  an  amount  of  nitrogen  2  per 
cent,  below  that  required  by  the  empirical  ormula  CgH^ON^.  It  is 
noteworthy  that  bromoacetoxime  also  undergoes  explosive  decom- 
position when  distilled. 

Triazoacetoxinno  is  colourless,  and  does  not  f^olidify  in  the  freezing 
mixture  ;  its  behaviour  towards  concentrated  sulphuric  acid  resembles 
that  of  triasoaoetic  acid  and  ester,  liberation  of  nitrogen  occurring 
only  after  some  delay,  and  on  vigorous  agitation.  When  treated  with 
40  per  cent,  potash,  nitrogen  is  liberated  in  considerable  quantities,  but 
hydrasoic  acid  is  also  produced;  if,  however,  more  dilute  alkali 
(20  per  cent»)  is  employed  without  heating,  all  the  nitrogen  is  eliminated 
In  the  form  of  hydrazoic  acid,  along  with  a  snbataooe  having  the 
properties  of  the  oadme  of  acetol : 

N8'CHj-c(noh)-ch3+H20-hn,+ho«ch,'C(:noh)*oHj. 

Before  the  unstable  character  of  triazoacotoxime  was  appreciated,  an 
attempt  was  made  to  prepare  this  compound  by  the  action  of 
hydroxylamine  sulphate  instead  of  tho  free  base.  Twenty  grams  of 
triasoacetone  were  suspended  in  300  c.c.  of  water,  and  agitated  with 
32  grams  of  hydroxylamine  sulphate  in  150  c.c.  of  water  j  the  oil 
disappeared  gradually  but,  the  odoor  of  hydrazoic  aeid  becoming 
perceptible,  the  product  was  allowed  to  remain  ten  days  in  order  to 
complete  the  change.  The  liquid  was  then  extracted  three  times  with 
ether,  and  on  removing  the  solvent,  after  drying  with  sodium  sulphate, 
9  grams  of  a  lustrous,  crystalline  solid  separated  from  the  oily  residue ;  - 
on  recrystallising  this  product  from  hot  benaene,  of  which  200  e.o. 
were  required  by  1  gram,  it  was  found  to  be  methylglyozime,  and 
was  obtained  in  minute  needles,*  melting  at  157*^  without  evolving 
gas: 

0-U89  gave  35-4  c.c.  of  nitrogen  at  18^  and  756  mm.    N  =  27'74. 
OjHgOgNj  requires  N  =  27*45  per  cent. 

The  production  of  methylglyoxime  and  the  bis-semicarbasone  of 
methylglyoxal  by  the  action  of  hydroxylamine  and  semi- 
carbaside  respectively  on  triasoecetone,  is  an  interesting  case  of  that 
type  of  oxidation  which  leads  to  the  formation  of  osasones.  A  similar 
observation  has  been  made  in  eonnexion  with  ehloroacetoxime  by 
Hantzsch  and  Wad  (AnnaUn,  1896,  289,  285)  and  SchoU  and 
Siatthaiopoulos  {Ber.,  1896, 29, 1550),  methylglyoxime  being  obtained 
when  excess  of  hydroxylamine  acts  on  the  substituted  ketoxime.  It  is 
probable,  also^  that  the  same  change  occurs  when  hydroxylamine  acts 
on  hydroxyacetone,  because  Kling  (Ann,  Chxm.  Phys.^  1905,  [viii].  5, 
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482),  who  performed  tlie  experiment,  records  the  production  of  a 
compound  melting  at  153°  and  an  analysis  which  furnished  26'6  per 
cent. of  nitrogen;  Klin^j  suggests  the  constitutional  formula,  * 

C H / C( : NOH )  •  (  H  o- N H -OH, 
but,  as  there  is  no  evidence  for  this  view,  it  seems  to  us  more  probable 
that  he  bad  in  band  an  imperfectly  purified  epedmen  of  methyl- 
l^yoxime. 

TAe  j^Toluenesulphonic  Derivative. — ^The  oxime  being  an  oi],  it  was 
eonadered  desirable  to  characterise  the  subBtance  further  by  preparing 
a  csyelaUine  derivativek  Triaaoacetozime  diseolTed  in  pyridine  was 
accordingly  treated  witli  ^-tolneneaalplionic  chloride the  oil  which 
separated  on  dUntion  with  water  quickly  eolidified,  and  was  re- 
crystalliaed  from  boiling  light  petrolenm,  in  which  the  sabstance 
diaK^Tea  aparingly,  1  gram  requiring  abont  100  ac,  from  wbicb 
it  crystallises  in  large,  lustrous,  striated  plates,  melting  at  78^ : 
0-1090  gave  20-2  c.c.  of  nitrogen  at  23'^  and  757  mm.  N  =  2i  2i). 
C^oHigOgN^S  requires  N  =  20-90  per  cent. 

The  substance,  although  snow-white  when  freshly  crystallised, 
rapidly  deteriorates,  becoming  brown  in  a  few  days.  Thrown  on  a 
hot  plate,  it  detonates,  and  burns  with  a  brilliant  flame;  it  is 
moderately  soluble  in  cold  methyl  or  ethyl  alcohol,  dissolving  freely  in 
chloroform^  benaene,  or  ethyl  acetate. 

Borai*  OoiiKiea  or  Scmroi^  LoMnoK. 
SouTB  KnrsiKOTOH,  8.W« 


IX,— The   Influence  of  Acids   and  Alkalia  on  the 
Velocity  of  Formaiion  of  Aeetoxime. 

By  Ebnkst  BA&&KTT  and  Akthua  Lapworth. 

Iv  a  paper  which  appeared  in  the  July  number  of  this  Journal 
(nraas.,  1907»  01,  1133),  it  was  shown  by  one  of  us  that  acids 
aeoeleimte  ozime  formatbn,  and  that  certain  oximee  are  fonned  with 
gvsat  ease  even  in  presence  of  concentrated  bydrochlorio  add.  At  the 
coDolinion  of  the  paper,  a  subsequent  commnnication  on  measure- 
nenlB  of  the  TBiocity  of  reaction  between  hydrozylamine  and  acetone 
and  aUehyde  in  presence  of  both  bases  and  adds  was  promised.  The 
measurements  referred  to  had  been  made  some  time  before  the  first 
paper  was  submitted  to  the  Society  ;  the  work  had  been  going  on  for 
some  eighteen  months,  and  tlie  further  investigation  was  in  progress. 
In  the  September  number  of  the  Amm^ican  Chemical  Journal,  a 
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paper  by  Aeree  and  Johaion  appeared  (Anm,  Ch§m.  J,,  1907,  88, 
258)»  whioh  dealt  with  many  chapters  of  catalysis,  and  indtided 
measorenieiits  on  the  eqoilibriiun  point  of  the  reversible  reaotion 
between  acetaldoxime,  aoetone,  and  hydrozylamine  hydrochloride,  the 

velocity  of  hydrolysis  of  aoetozime  with  hydrochloric  acid,  and  the 
velocity  of  formation  of  acetozime  from  acetone  and  free  hydrozyl- 
amine (loc.  cit.,  p.  308  et  seq.). 

Towards  tho  end  of  November,  Prof.  Acree  wrote  stating  that  he 
had  only  recently  soon  Lap  worth's  papor  for  the  first  time,  and  drew 
our  attention  to  his  work  with  Johnson,  expressing  the  hope  that  we 
might  see  our  way  to  abandon  the  investigation  to  him.  In  the 
circumstance^  we  have  decided  to  submit  to  the  Society  a  brief  account 
of  the  more  important  observations  we  had  made  before  last  July, 
when  tho  first  communication  of  the  proposed  series  appeared,  and  the 
observations  we  select  are  those  which  appear  to  add  something  to  the 
discoveries  of  Acree  and  Johnson  and  other  workers,  but  they  do  not 
solve  tlie  question  of  the  mechaiiifim  of  tho  reaction.  On  the  other 
band,  we  have  agreed  to  abandon  the  further  study  of  the  velocity  of 
formation  and  hydrolysis  of  oximes,  at  least  for  the  presenti  in  farour 
of  the  American  authors. 

The  work  was  begun  some  two  years  ago,  after  hearing  from 
Stewart,  the  last  worker  on  the  velocity  of  ozime  formation  (Trans.) 
1906,  87,  410),  that  he  did  not  propose  to  eztend  his  researohes  in 
this  direction.  The  measorements  were  made  mnch  in  the  manner 
described  by  Stewart*  bnt  were  oarried  out  at  0^  with  solntions  in 
which  the  concentrations  of  acetone  and  hydrozylamine  were  ilT/^  in 
nearly  all  eases.  Instead  of  sodium  phosphate,  sodium  aoetate  was 
used  daring  the  titrations,  for  it  was  desired  to  study  the  formation 
of  aldoximes,  in  which  case  sodium  phosphate  was  found  to  be  useless. 

In  brief»  our  results  supplement  those  of  other  workers  in  the 
following  points.  The  acceleration  of  ozime  formation  by  alkalis, 
first  noticed  by  Auwers  (J3er.,  1889,  22,  606),  we  find  to  be  rwj 
considerable  and  nearly  proportional  to  the  concentration  of  slkalL 
The  acceleration  of  the  reaction  between  hydrozylamine  and  aeetooe 
by  hydrochlorio  acid  Is  rather  less  marked  at  first,  but  rises  wiUi 
increasing  proportions  of  acid  very  rapidly  to  a  maximum,  in  which 
there  is  little  or  no  suggestion  of  lag,  to  a  point  where  there  is 
present  about  0  5  to  O  G  equivalent  of  acid,  the  velocity  here  being 
more  tlian  fifty  times  as  great  as  with  free  hydrozylamine  alone. 
It  then  falls  almost  as  rapidly  to  the  point  where  there  is  present 
rather  more  than  one  equivalent  of  hydrochloric  acid,  after  which  the 
variation  of  velocity  with  amount  of  add  present  is  small  (see 
diagram,  p.  92). 

With  acetaldehyde,  more  diihcuity  was  ifzperienoed  in  estimating 
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4ks  gnater  vdooty  of  imMmt  snd  mueli  liiglwr  dUuliMis  wm 
pocoBaary.   Tho  •nrw  obtained  on  plotting  oar  prelfaninaiy  reeiitta 

much  like  that  for  acetone,  but  the  point  of  maximum  velocity 
re*iched  with  a  somewhat  larger  proportion  of  acid. 
The  acceleration  of  oxime  formation  by  additioa  of  alkali,  and  the 
approximate  proportionality  of  the  velocity  to  the  concentration  of 
alkali  present,  suggests  at  once  that  the  hydroxylamine  behaves  as  a 
weak  acid  and  reacts  with  the  carbonyl  compound  in  much  the  same 
manner  as  does  hydrocyanic  aoid  (compare  Tran8.|  1903,  83,  d97 ; 
1904,  85,  1214  and  1355,  (fee). 
TiiiM,  to  take  the  siinplest  possible  ionio  Yiew,  the  hydrozylamine 

may  be  supposed  to  yield  the  ions  H*  and  'NH'OH,  the  latter  of 
vhicii,     a  weak  ion,  formB  a  complex  wiih  the  carbonyl  compound  : 

tlttf  oomplez  ion  formation  being  velatiyely  Teiy  slow. 

The  idea  that  ammonia  in  analogous  cams  reacts  as  an  acid  and 

+  -  - 

hk  the  iMfte  H  and  NH,  or  NHj-OH  has  been  suggested  by  Knorr 

{Ber.f  1899,  32,  731),  and  revived  in  a  slightly  different  form  by 

Lowry  (British  Astoc.  Report,  1904,  "Dynamic  Isomerism,"  p.  11). 

The  question  of  the  meckaDism  of  the  acceleration  of  oxime  formation 

by  acids  is  certainly  much  less  straightforward.    From  the  fact  that 

an  eqailibnum  is  attained  when  acids  atct  on  acetoxime,  Acree  and 

Johnson  conclude  that  the  reaction  involves  the  union  of  the  hydroxy  1- 

ammonium  ion  with  the  ketone  as  neutral  constitoent : 

(CH8),CO  +  iSH3  0H  — >  (CH3)jCO-NH3-OH. 

This  is  highly  improbable;  firstly,  becAUtie  of  the  already  high 
electro-affinity  of  the  hydroxylammonium  ion,  and  secondly,  because 
all  the  evidence  hitherto  goes  to  show  that  only  negative  groups  become 
attached  to  the  carbon  atom  of  the  carbonyl  group. 

A  more  likely  suggestion  is  that  the  hydrozylammonium  ion  is  not 
directly  concerned,  but  that  the  acetone  forms  complex  ions  with 
hydrogen  ions  which  are  present  as  the  result  of  hydrolysis  of  the 
hydnNT^amine  aah : 

(CH,),CO  +  H-  (CHg)gC<^^ 

(the  oxonium  ion  (CH8)2CIO<s.  being  possibly  formed  at  an  inter- 
mediate step),  and  this  positive  ion  then  attacks  the  free  hydroxy  1- 
amines  foming  a  anhilitiited  hydroxylammonium  ion: 
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▲oree  and  JohDsoii't  view  would  predict  a  ngnlar  riae  in  the 
iraloeify  from  the  atate  where  free  hydrozjlamine  ia  prcoent  to  thftt 
where  there  ia  one  eqiuTalent  of  acid,  and  after  thia  a  r^gnlar,  but 
very  alight^  falL 

On  the  view  now  euggeated,  addition  of  add  to  free  hydrozylamine 
would  at  firat  produce  little  effect,  and  afterwarda  a  rapidly  inereaaing 
aooeleration  for  a  time,  leading  to  a  ourve  at  firat  diatincUy  concave 
towarda  the  line  A  in  the  diagram,  and  near  and  beyond  the  point 
where  an  equivalent  of  acid  is  present  a  maximum  followed  by  a  slight 
decreasing  velocity  as  with  Acree  and  Johnson's  proposition. 

It  ia  not  worth  while  at  present  to  enlarge  on  these  views.  Neither 
explains  the  curious  variation  of  the  velocity  between  the  pointa  A 
and  B  on  the  diagram.  It  seems  hardly  possible  that  this  can  be 
elucidated  by  any  view  as  to  the  mechanism  of  oxime  formation  from 
hydroxy  lamina  and  acetone.  A  Rupposition  whicli  would  lead  to  a 
curve  attaining  a  maximum  value  between  these  points  would  1)6  ono 
assuming  that  the  measured  change  involved  the  interaction  of  free 
hydroxylamine,  hydroxylammonium  ions,  and  acetone,  but  this  would  be 
roughly  of  the  form  y  =  x{a.  -  x),  and  would  show  a  rapid  rise  near  a 
slow  change  near  the  maximum,  and  an  increasingly  rapid  fall  to  B. 
The  curve  rather  appears  to  suggest  that  its  form  may  be  due  to  a 
peculiarity  either  of  acetone  or  of  hydroxylamine  itself.  Is  it 
possible,  for  example,  that  hydroxylamine  gives  a  salt,  (NH2'0H)2,HC1, 
yielding  a  base,  (NH2*OH)2,  by  hydrolysis,  and  transformed  by 
exc  ess  of  hydrochloric  acid  into  NHj'OH.HCl  ?  The  tendency  of  the 
oxygenated  derivatives  of  ammonia  to  form  more  complex  aggregates 
may  be  recalled,  and  a  salt  of  the  formula  quoted  is  known  to  be 
produced  readily  enough  in  the  solid  form,  but  whether  this  exists  to 
any  large  extent  as  such,  or  as  its  ions,  in  aqueous  solution,  does  not 
appear  to  be  known.  A  fact  which  seems  to  militate  against  such 
an  explanation  is  that  the  condition  foi*  maximum  velocity  with 
aoetaldehyde  does  not  appear  to  coincide  with  that  with  acetone>  the 
point  lying  somewhat  nearer  the  line  B, 

In  the  following  aeries  of  experiments  with  acetone,  the  initial 
ooncentrationa  of  hydrozylamine  and  acetone  were^  in  all  cases, 
The  solntiona  in  which  the  reaction  was  studied  were  prepared  by 
mixing  equal  volumes  of  NjlO  solution  of  acetone  and  hydroxylamine 
hydrochloride  to  the  latter  of  whidi  had  previously  been  added  vary- 
ing quantities  of  sodium  hydroxide  or  hydrochloric  add,  it  being  ao 
arranged  that  immediately  after  admixture  there  should  be  exactly 
I  gram-mdeeule  each  of  ketone  and  total  hydroxylamine  per  40  litres 
of  solution,  and  all  operations  were  carried,  out  at  0^ 
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III  the  tobies  given,  the  amounts  of  hydrochloric  add  or  sodtmn 
hjdroadde  present  mo  also  stoted  in  gram-moleculee  per  40  litres,  and 
it  ie  to  be  anderstood  that  the  stated  amount  of  hydrochloric  acid  in 

each  case  includes  both  the  free  acid  and  that  combined  with  the 
hydroxylamine  ;  similarly,  in  experiments  II  to  IV,  the  amount  of 
bodium  hydroxide  given  refers  to  the  excess  of  the  latter  used  over 
that  required  to  convert  all  the  hydroxylamine  present  into  free  bane. 
In  the  majority  of  the  experiments,  therefore,  sodium  chloride  was 
necessarily  present,  but  we  have  found  that  the  eflPect  of  this  salt  was 
hardly  perceptible,  and  did  not  produce  any  effect  on  the  vclority  of 

tction  sufficient  to  alter  in  any  way  the  general  conclusions  to 
which  the  investigation  leads. 

After  many  preliminary  trials,  the  method  adopted  for  estimating 
the  amount  of  oxtme  formed  was  to  determine  the  quantity  of 
hydroxylamine  which  remained  by  oxidising  it  with  exco'^s  of  standard 
iodine  solution  as  other  workers  have  done,  bat  having  foand  that  in 
alkaline  media,  such  as  sodiam  phosphate  or  bicarbonate,  concordant 
raoHs  could  net  be  obtained  in  presence  of  aldehydes,  we  were  finally 
led  to  cany  out  the  titrations  in  presence  of  sodium  acetote.  This 
salt^  if  highly  purified,  serves  a  similar  purpose,  and  in  its  presence 
hydrai^lamine  may  be  determined  with  a  very  fair  degree  of 
acenncy,  providing  that  much  free  add  is  not  present  with  the 
hydruxylaoiine. 

In  each  osae^  the  time  which  elapsed  between  the  moment  of 
admixture  and  that  of  withdrawiog  an  aliquot  portion  of  the  solution 

for  titration  is  given  in  minutes.  The  number  indicating  the  amount 
of  oxime  formed  represents  the  number  uf  grain  molecules  present 
per  4000  litres,  the  maximum  possible  at  the  end  point  being,  of 
course,  equal  to  100,  and  was  arrived  at  by  subti*acting  the  quantity 
of  hydroxylamine  unchanged  in  40  litres  from  100.  The  last  number 
in  each  case  representd  the  quantity  of  oxime  formed  at  the  end 
point. 

I.  No  acid  or  alk.ili  present  (that  is,  the  solution  was  prepared 
so  as  to  contain  1  gram-molecule  each  of  hydroxy lamine,  hydro- 
chloride, and  acetone  per  40  litres,  the  free  base  being  liberated  by 

addition  of  1  gram-molecule  of  sodium  hydroxide  per  40  litres) : 

« 

<=       2  5  10  20  30  — 

Oxima  formed s     5*8         17*0         29  2        437         62  9  99*6 

Scbus  l.-^In  Pnamce  of  Alkali, 

TL  0*30  giMn-moleeule  of  free  sodium  hydroxide  present.  In 
r"ptrimi  nts  n  to  lY  a  quantity  of  acid  suflSctent  to  neutralise  the 


Digui^uu  uy  Google 


90    BARSRT  AKD  LAPWOBTH :  THB  INFLUINCK  OF  AGIOS  AND 

ftlkali  pment  wag  added  to  th«  Mdiom  Metoto  Mote  tb*  litnlioii  of 
hjdxogjhumJMi 

2  5  10  21  80 

OslmttfoniMda   88-0        62-2        OO-O        88*0        89*8  00*8 

III.  0*25  £(ram-molecule  of  sodium  hydroxide  present : 

<3     2  5  10  20  — . 

OxitM  formed 3   49-5        68'8        81*6        90*8  08*8 

IT.  1*00  gram-moleoale  of  sodium  hydroxide  preeent : 

t=:      I           2            6            10           20  — 

(a)  Oxime  formed-     —          64  3         88*7         92*3         97  1  100 

(6)    „      „     a   81*i        68*8        84-i        03-6        OT'O  00 

Sbbixb  Fr6i$noe 
y.  0*066  gram-molecule  of  hydrogen  ohloride  present : 

<=       3             8           10           20           30  — 

Oxime  forraed=     7*3         13*4         287         62-2         68  6  981 

YL  0*25  gram-molecule  of  hydrogen  chloride  present : 

<a    9           5          10          20         80  — 

Oxime  fonneds   19*8        48*0        78-8        817        88-5  88*8 

YII.  0*30  gram-molecule  of  hydrogen  chloride  present : 

^=     1            8            5           10          16  — 

Oxime  forwed^    21*7         84*6         67*4        81*4         86*0  86*8 

YXll.  0*40  gram-molecule  of  hydrogen  ohloride  ptesont : 

it    I           2           6           11          20  — 

Orime  formed^  10*1        88*0        647        72*6        77*8  77*6 

IX.  0*50  gram-molecule  of  hydrogen  chloride  present : 

2            6            10           20           30  — 

Oximd  formed^   49*8        64*5        66*2        68*9        70*4  71*0 

X  0*60  gram-molecule  of  hydrogen  chloride  present : 

t=z      \           2           6          18         25        36  ^ 

Oximefermeds   81*6      44-2      64*9      68*5      68*5      69*4  60*4 

XI.  0'75  gram-molecule  of  hydrogen  chloiide  present : 

Is     2           6           10          80          30  — 

QziiiM  formed*   81*8        46*5        60*4        687        61*1  61*0 

XIL  1*00  gram-moleeules  of  hydrogen  chloride  piesent  (that  is 
to  say,  in  this  experiment,  initially  only  acetone  and  hydio^lamina 
hydrochloride  were  present) : 

t-      2             5            10           15           37  — 

Oxime  formed-    16*8        28*5        40  1         46*1        67  1  OO'ft 
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XUL  1*50  grmiB'im>lecaIee  of  hjdiogaa  ehlogide  pment ; 

tm      %  5  10  20  85  — 

(hiiMfomMda     8-6  7*7        215        821         45  1  58*3 

XIY,  1*512  gr&m-moleooles  of  hydrogen  chloride  present : 

1  S  5         10         85  — 

dfaMfonoMda    l-e         4*7        12*6        28*5        887  SB'S 

Xy«  1*64  gram-molecules  of  hydrogen  chloride  present : 

^=      2  6  10  20  80  — 

Oiime  loriiiMl  =s     4*1         13-4         18-5         28'0         86*8  66-0 

XML  3*024  gramHUoleenlee  of  hydrogen  ohloride  pveeent : 

|9     1  3  8         11         i5  — 

QdMimeda    1-6         2*0(1)     12*2        28*8        81-2  60'0 

In  the  hu»t  cited  and  in  other  experiments  in  which  more  than 
3  molecnler  proportions  of  acid  were  present,  the  disturbing  inflnenee 
of  the  excess  of  aotd  on  the  titration  of  the  hydroxylamine  makee 
itielf  felt.  In  all  cases,  the  quantity  of  hydnu^lamine  found  was 
gmter  than  that  really  present,  so  that  the  amount  of  oadme  ealea* 
leted  on  the  same  basis  as  in  the  preceding  experiments  appears  lets 
ihsn  is  actually  tlie  case.  Nevertheless,  tiie  resnlts  showed  clearly 
snoo|^  that|  even  irhen  as  much  as  40  molecular  proportions  of 
hydrogen  chloride  are  present,  ozime  formation  tahes  place  with 
eoaadsrahle  Telocity,  and  this  does  not  appear  to  Taxy  much  within 
vny  wide  Hmits.  It  had  been  our  intention  to  examine  this 
regioo,  using  sodium  phosphate'' instead  of  acetate  as  the  medium 
dmnBg  titratton. 

Fairly  concordant  numbers  obtained  on  repeating  a  oonsiderable . 
number  of  the  above  experiments,  indicate  that  the  results  may  be 
regarded  as  correct  within  2 — 3  uaits. 

We  have  also  carried  out  experiments  on  similar  lines,  using  acids 
other  than  hydrochloric  acid,  but  the  results  were  without  much 
further  aignificance. 

The  most  noteworthy  points  revealed  by  a  glance  at  the  numbers  in 
the  above  tables  are,  first,  that  there  is  a  minimum  velocity  at,  or  very 
near,  the  point  where  only  acetone  and  hydroxylamine  are  present 
(experiment  I) ;  secondly,  that  very  large  acceleration  is  caused  by 
Um  addition  of  alkalis  or  adds,  the  former  having  proportionately  a 
enaiiderahly  greater  influence;  thirdly,  that  there  is  a  maximum 
Telocity  point  between  this  point  and  that  where  the  solution  contains 
Mthing  hut  seetone  and  hydroxylamine  hydioohloride.  This  is  at  about 
Ihs  point  attained  in  experiment  JX,and,  as  will  he  seen,  the  amount 
eC  eiime  formed  here  in  two  minutes  is  larger  than  in  any  other  esse 
CO  the  side  whsre  acid  la  pveaent;  foorthlyt  beyond  this  point  rapid 
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fall  in  the  Telocity  ocoors,  but  erea  where  an  enormoue  ezoeae  of  nad 
M  {veeent  there  is  evidence  that  the  velooity  of  ezime  formatioii 
remains  perhaps  larger,  than  when  free  hydrozylamine^alone  is  present. 

Owing  to  the  rapid  change  of  the  velocity  with  acidity  (and  this 
varies  during  each  experiment),  it  is  not  possible  to  obtsin  velocity 
constants,  and  the  errors  of  time  measurement  in  the  first  stages  of  the 
oxime  formation  render  it  difficalt  to  obtain  a  value  for  the  initial 
velocity  under  any  prescribed  conditions.  However,  remembering 
that  when  mucli  acid  is  present  partial  hydrolysis  of  the  oxime 
occurs,  the  reaction  therefore  being  incouijilete,  a  fair  idea  of  the 
relative  velocities  with  different  conditions  as  to  concentration  of  acid 
and  alkali  may  be  obtained  by  carefully  plotting  the  results  and 
ascertaining  the  time  required  for  the  reaction  to  proceed  half  way  to 
the  point  at  which  cliange  ceases.  It  is  clear,  of  course,  that  it  would 
be  better  to  take  points  corresponding  to  one  quarter,  one-tenth,  or 
less,  but  this  leads  to  a  magnilication  of  other  errors,  and  it  may 
be  stated  that  the  curves  thus  obtained  are  found  to  be  very  similar, 
showing  precisely  the  some  peculiarities. 

The  following  diagram  exhibits  the  velocity  of  reaction  estimated 


l-O       0*6        0         5        1-0       1*5       ^-O  '>«.^ 
Oram-moL  KaOH.'  Chram-moh.  IICI  j)er  40  litres. 


by  taking  the  inverse  of  the  time  required  for  the  reaction  to  proceed 
half-way  towards  completion.  The  vertical  line  at  A  corresponds 
with  conditions  when  acetone  and  free  hydroxylamine  only  are  present ; 
to  the  left  of  tins,  alkali,  and,  to  the  right,  acid  is  present.  The 
vertical  line  at  B  corresponds  with  the  point  where  acetone  and 
hydroxylamine  hydrochloride  only  are  present.  ' 
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Tht  Tclocities  were  found  by  ascertnuiiog,  graphically,  the  time 
leqniied  for  the  lormation  of  one-half  the  amount  of  oxime  preseut  at 
efoilibriiim  pmnt,  and  the  nambera  given  are  one  hundred  times  the 
leaproeals  of  theoe. 

The  method  of  exhibiting  the  reeults,  althongh  rough,  at  least 
ailardi  a  general  idea  of  some  of  the  peonliarities  in  the  formation  of 
aceteximo.  It  is  difficult  to  state  precisely  the  points  or  magnitudes 
of  the  maximum  or  minimum  Telodtiee^  but  greater  or  lees  deviations 
than  those  indicated  have  not  been  found  in  spite  of  repeated  search 
with  slightly  varying  conditions. 

It  is  noteworthy  that  the  extension  of  tho  curve  on  the  right 
appeirs  to  be  nearly  horizontal  beyond  tlio  limits  shown  ;  in  other 
words,  it  seems  that  with  excess  of  hydrochloric  acid  the  velocity 
varies  only  very  slightly  with  the  concentration. 

By  varying  either  the  amount  of  acetone  or  hydroxylamine  while 
keeping  the  concentration  of  the  other  unaltered,  we  have  ascertained 
that  the  velocity  is  nearly  proportiooal  to  the  concentration  of  each  of 
these  separately. 

The  nature  of  the  results  we  obtained  in  using  acetaldehyde  instead 
of  acetone  have  already  been  alluded  to.  We  hesitate  to  give  the 
details^  becaase  thoee  experiments  were  of  a  preliminary  character, 
and,  owing  to  the  much  higher  dilution  necessary,  subject  to  errors 
which  we  hoped  to  be  able  to  eliminate  on  repeating  the  measure- 
ments. 

Our  thanks  are  due  to  the  Research  Fund  Committee  of  the 
CShemical  Sodefy  for  a  grant,  which  helped  to  defray  the  cost  of  the 
investigation. 

QoiosnrrBt'  Coixsoi*  Niw  Cross,  S.B. 


X. — A  Oolmimetrie  Method  for  the  Determination  of 
Small  Ferctntages  of  Iron  in  Copper  Alloys. 

By  Arnold  William  Ghboobt,  B.Sc.  (Lend.). 

It  is  often  a  matter  of  considerable  importance  to  be  able  to  determine 
accurately  the  amount  of  iron  in  copper  alloys,  on  account  of  the 
effect  of  this  element  on  their  physical  properties.  The  gravimetric 
methods  are  such  that  only  by  working  with  very  large  quantities  of 
material  can  accurate  results  be  obtained.  Moreover,  there  is  always 
a  danger  of  iron  being  introduced  into  the  solutipn  of  the  alloy  by  the 
addition  of  laige  qnantiUes  of  reagents  which  may  contain  a  trace  of 
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that  element^  and  from  eztomal  souroea  during  the  lengthy  method  of 
procednie. 

The  following  method  hae  heen  fonnd  to  give  extfemely  aoomta 
reealU ;  it  ia  aimple  in  opemtion,  and  very  faptd  in  eiecation.  It  is 
baaed  npon  the  oolour  reaetion  given  by  aatioylio  aeld  and  ferrio 
ehloride.  The  violet  eoloration  pntdneed  when  salloylio  aetd  la  added 
to  ferric  chloride,  although  affording  a  delicate  test  for  iron  nndep 
properly  choccn  conditione,  cannot  be  relied  on  for  the  quantitative 
determination  of  that  dement^  since  the  colonr  is  destroyed  In  tbe 
presence  of  mineral  acSda  and  also  by  ezoeas  of  alkalis. 

If,  however,  an  eioeas  of  a  solntion  of  sodinm  acetate  be  added  to  » 
ferric  salt,  and  then  a  solution  of  salicylic  acid  in  acetic  add,  a  deep 
red  colour  is  produced.  Under  these  conditions,  the  depth  of  colour 
is  proportional  to  the  amount  of  iron  present,  and  this  method  may  be 
used  for  the  estimatiou  of  bmall  quantities  of  iron. 

In  the  case  of  copper  alloys,  the  blue  or  green  colour  of  the  solution 
entirely  masks  the  red  colour  produced  by  the  iron.  This  diflSculty  is 
overcome  by  the  addition  of  a  weak  sol u Lion  of  potassium  cyanide  in 
quantity  suflicient  for  the  formation  of  the  colourless,  complex  cyanide 
of  copper  and  potassium.  The  red  colour  is  unchanged  by  this  treat- 
ment. The  exact  method  of  procedure  is  as  follows  :  0  2  gram  of  the 
alloy  is  dissolved  in  a  minimum  quantity  of  strong  nitric  acid.  If  a 
j-recipitat©  is  produced,  due  to  tin  or  antimony,  the  liquid  is  diluted 
blightly  and  filtered.    Lead,  if  present,  must  be  removed  as  sulphate. 

To  this  solution,  20  cc.  of  a  coQoentratod  solution  of  sodium  acetate 
nre  added,  and  10  cc.  of  a  2  per  cent,  solution  of  salicylic  acid  in 
ghu  ial  acetic  add.  A  3  per  cent,  solution  of  potixssium  cyanide  is  now 
added  gradaally  until  the  green  oolour  of  the  solution  has  disappeared, 
and  the  precipitate  of  copper  cyanide  is  re-dissolved.  The  solution, 
vrhich  is  red  if  iron  is  present,  is  now  made  np  to  a  definite  volnme 
(depending  on  the  intensity  of  the  colonr),  and  a  measured  amount  is 
transferred  to  a  Nessler  comparison  tube. 

Into  a  similar  tube^  20  cc  of  sodium  acetate  solution  and  10  cc  of 
the  salicylic  acid  solution  are  placed,  and  diluted  to  approximately  the 
same  Tolnme  as  the  solution  of  the  alloy.  A  standard  solution  off 
ferric  chloride  is  added  drop  by  drop,  with  constant  stirring,  until  the 
oolour  produced  is  similar  in  intensity  in  the  two  tubes.  Fh>m  the 
amount  of  the  standard  solution  used,  the  percentage  of  iron  may  be 
calculated. 

By  this  method,  it  is  possible  to  detect  as  little  as  0*00002  gram  of 

iron  in  the  presence  of  0*2  gram  of  copper. 

A  strong  solution  of  potassium  cyanide  must  on  no  account  be  used, 
as  tiiis  gives  a  coloured  solution  with  pure  copper  salts,  especially  on 
warming. 
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This  (est  canoot  be  aaJMaaUmly  employed  in  the  ease  of  alioya  eon- 
lainuig  oonslderable  pefoentages  of  biamiith.  Zinc  and  antimony, 
hawever,  maj  be  proaoni  without  any  appreciable  error  beiog 
uKiuduoed* 

BXPSmiMlHTAL. 

A  solution  of  pure  copper  sulpluite  was  made,  such  that  1  cc.  was 
equivalent  to  0'02  gram  of  copper.  Ten  cc.  of  this  solufioii  and 
3  cc.  of  concentrated  nitric  acid  were  placed  in  eacli  of  seven  beakers^ 
and  to  all  but  the  first  of  these  varying  amounts  of  a  standard 
solution  of  ferric  chloride  were  added.  The  test.s  were  then  carried 
out  as  described  above,  the  solutions  in  each  case  being  made  up  to 
100  cc.  Tbe  results  obtained  are  given  in  the  following  table.  The 
f^econd  column  shows  the  number  of  cc.  of  ferric  chloride  solution 
added  to  the  copper  sulphate ;  the  third  gives  the  percentage  of  iron 
that  each  quantity  represents  ;  tlie  fourth  gives  the  number  of  cc. 
of  ferric  chloride  required  to  produce  the  same  colour  as  that  obtained 
in  each  of  the  test  experiments,  and  the  fifth  shows  the  percentage 
of  iroQ  cakswlated  from  tbe  Tolame  of  ferric  chloride  added : 

Cc.  of  Cc.  of 

Kamber.   FeCliUsed.  Per  cent.  Fe.  FeOlg  required.  Percent.  Fe 


1.  Dil                nil  nil  nil 

a.  1  001  VI  0011 

a.  2  0*02  It'l  0-021 

4.  5  0'05  6*2  0'052 

5.  10  0-10  10*4  0-104 
C  16  0*16  U*7  0167 
7.  20  0-30  21*0  0*210 


Fbodoiqbaii. 


XL — DerivcUivea  of  Tetrcmethyl  Olttcase. 

Bj  Jamxs  Colquhoun  Irvinb,  D.Sc,  Ph.D.,  and  Agnes  MABiOif 
MooDiSi         B.Sc.  (Carnegie  Scholar). 

Ix  prenooi  atiidy  of  alkylated  angan  attention  has  been  chiefly 
diieeted  to  reaetions  in  which  deri^atifee  of  a  ^Ineoaidic  nature  are 
pflodnoady  and  audi  oompoonda  hafe  been  f oand  to  thow,  in  generali 
a  doae  lelatiooBhip  with  the  oorveaponding  derivatives  of  the  parent 
tnialkylated  sugars.  In  the  present  investigationi  we  have  extended 
enr  work  on  tetramethjl  glucose  with  the  view  of  ascertaining 
whether  the  analogy  also  holds  for  derivatives  generally  regarded  as 
non-glncosidic. 

Our  results  show  Ikal  tctramethyl  glucose  enters  into  all  the 
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chanusteristic  reacUoiiB  of  the  parent  sugar^  audi  moreover,  tbe  optical 
rotations  of  tbe  producta  are  on  the  whole  oomparable  with  thoee  of 
the  oorreeponding  tinalkylated  compounds.  Several  irregularitiee  were 
observed,  but  apparently  methjhktion  has  little  effect  on  the  cbarao* 
teristic  chemical  reactions  of  redndng  sugars,  except  in  increasing  the 
stability  of  the  oompoands.  In  the  first  place,  we  have  studied 
reactions  in  which  the  alkylated  sugar  might  bo  expected  to  react  as 
ao  alkyloxy-aldehyde,  giving  products  in  which  the  y-oxidic  linking", 
characteristic  of  reducing  sugars  and  f»lueo>i(les,  sliould  be  absent.  In 
the  case  of  dextrose,  the  only  simple  condensation  compounds  which 
are  regarded  tus  derived  from  a  hydroxy-aldehyde  are  the  acetals, 
niercaptals,  hydr.izones,  oxime,  and  anilide.  This  view  of  the  constitu- 
tion of  the  last  compound  has,  however,  not  escaped  criticism,  and 
many  arguments  support  the  y-oxidic  structure  (Bm'.p  1894,  27, 
1287). 

We  find  that  in  the  case  of  tetramethyl  glucose,  there  seemi  no 
reasonable  doubt  that  both  the  oxime  and  anilide  do  possess  the 
y-oxidic  linking  in  the  sugar  residue,  and  are  thus  to  be  regarded  as 
derived  from  the  a-  or  jS-form  of  the  sugar  and  not  from  the  aldehydio 
isomeride.  With  regard  to  the  tetramethyl  gluoosephenylhydraaone, 
our  conclusions  are  nnfortUnatety  not  supported  by  analytical  date, 
but  the  structure  of  the  compound  seems  to  differ  essentially  from 
that  of  the  anilide  or  oztme,  and  may  possibly  thus  belong,  to  the 
aldeiiydic  type. 

Tetramethyl  glucoseozime  was  readily  prepared  by  the  action  of 
hydroxylamine  on  a  methyl-alcoholic  solution  of  the  sugar.  Even 
after  repeated  fractional  crystallisation,  the  melting  point  was  inde- 
finite (GI — 68°),  suggesting  that  the  specimen  was  a  mixture  of  stereo- 
isomeric  forms.  The  compound  differed  from  glucoseoxime  in  that  no 
indication  of  mutarotation  could  be  detected,  either  in  alcoholic  or 
aqueous  solutions.  The  specific  rotation  in  methyl  alcohol  was 
[a]i;  +  25  9*^,  a  result  which  is  comparable  with  the  marked  diminution 
in  rotatory  power  observed  when  glucose  is  converted  into  its  oxime. 
The  constitution  of  the  compound  admits  of  several  possibilities. 
Accepting  the  normal  oxime  structure,  we  have : 

I.  MeO-CHj-CH(OMe)-CH(OH)'CH(OMe)  CH(OMe)-CH:NOH, 

which  might  exist  in  ^yn-  and  anti-modifications.  As  an  alternative, 
the  following  structure  is  possible : 

II.  MeO  CH,-CH(OMe)-CH(OH)  CH(OM©)  UH(OMe)-UH<^. 

On  the  other  hand,  if  the  sugar  reacts  in  the  y'Oxidio  form,  the 
condensation  may  give  rise  to  four  isomerides : 
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m.MeO*CH,*CH(OM6)«CH*GH(OM6)*0H(0M6)CH*NH-0H(aor/3). 

<  O  ^ 

lY.  M60*CH,*GH(0Me)-GH*CH(0Me)-CH(0Me)-0U*0*NH,  (aor  fi). 

I  0  ^ 

Of  these  possibilities,  formula  I  alone  represents  a  true  oxime,  and 
formula  IV  a  iruo  glucoside,  aa  only  in  the  latter  case  is  the  sugar 
iiiolecule  linked  to  the  remaining  group  through  an  oxygen  atom. 
The  elfect  of  alkylation  on  the  compound  offers  a  ready  solution  of 
the  problem  of  its  constitution.  In  the  event  of  formula)  1  or  11 
being  correct,  methylation  should  introduce  two  methyl  groupn,  and 
hydrolysis  of  the  product  should  give  aldehydic  pentamethyl  glucose. 
In  the  case  of  formula  III,  only  one  alky loxy -group  could  enter  the 
molecule,  and  tetramethyl  glucose  should  be  formed  on  hydrolysis  of 
the  product.  On  the  other  hand,  formula  lY  represeotB  a  compoand  in 
which  the  methoxyl  content  could  not  be  increased. 

We  find  that  by  applying  the  silver  oxide  reaction  to  tetramethyl 
glnooeeoxime,  a  derivative  is  formed  oontaining  five  methoxyl  groapB» 
and,  on  hjdrolyme,  tetramethyl  glucose  is  regenerated  in  almost 
qoantitative  amount.  This  result  at  once  disposes  of  formula  I,  II, 
and  lY.  The  abeenoe  of  mutarotation  may  thus  be  explained,  as, 
whatever  the  cause  of  this  phenomenon  in  ozimes  may  be,  it  is 
pnsnmablj  dependent  on  the  presence  of  the  double  bond. 

Evidence  was  also  obtained  that  our  preparation  of  tetramethyl 
^neoeeosime  consisted  of  two  stereoisomeric  forms,  as,  during  hydro- 
lysii^  the  specific  rotation  at  first  diminished  very  rapidly,  and 
sfterwsrcb  increased  steadily  to  a  constant  value.  Previous  experience 
in  the  hydrolyns  of  alkyl  glucosides  has  shown  that  this  behaviour  is 
signiiicant  of  the  presence  of  two  stereoisomerides,  which  diiiur  widely 
in  their  rotatory  powers  and  rates  of  hydrolysis.  Moreover,  a  similar 
result  was  observed  during  the  hydrolysis  of  the  pentamethylated 
oxime,  which  was  doubtless  also  a  mixture  of  a-  and  ^-(ovma.  It 
might  be  mentioned  here  that  the  latter  hydrolysis  showed  many 
features  in  common  with  that  of  the  natural  glucoside,  gynocardiii, 
described  by  Power  and  Lees  (Tran?.,  1905,  87,  355).  Contrary  to 
expectation,  the  process  was  extremely  slow,  prolonged  boiling  with 
hydrogen  chloside  being  neeessary,  and  hydrogen  cyanide  was  steadily 
evolved  for  some  hours. 

Before  arriving  at  the  above  conclusion  as  to  the  constitution  of 
tetrsaetbyl  glucoseoxime,  we  took  the  precaution  of  subjecting  various 
other  ozimes  to  the  joint  action  of  silver  oxide  and  methyl  iodide. 
The  snbstaoosB  selected  for  experiment  were  chosen  with  a  view  to 
testing  the  effect  of  the  process  on  widely  different  types  of  oximes. 
In  esch  case,  the  methylation  proceeded  normally,  giving  fully 
VOL.  XCIII.  B 


98 


IRVINE  AND  MOODIB: 


alkylated  deriTativea.  Tfaiia  cttiaiitlialdonme  waa  Teadily  couirarted 
into  a  monomethyl  etlier,  whilat  aalicylaldozlme  and  benzoinoziine 
gave  the  corresponding  dimethyl  ethers.  This  shows  that  the  ozimido« 
group,  in  common  with  any  other  hydroxyl  group  which  may  be 
present,  is  capable  of  ready  methylation  by  the  silver  oxide  method, 
and  the  results  arrived  at  by  this  proce^^s  are  therefore  valid  in 
dekluciDg  the  constitution  of  oxiraes.  The  method,  moreover,  possesses 
many  obvious  advantages  in  the  determination  of  the  hydroxyl  content 
of  oximes,  as  the  use  of  acetic  anliydride  in  such  estimations  frequently 
results  in  molecular  rupture  or  in  nitrile  formation,  and,  in  addition^ 
the  pjoducts  arc  often  difficult  to  purify. 

Our  examination  of  tetramethyl  glucoseanilide  has  led  to  a  similar 
conclusion  as  to  its  constitution.  The  coinponnd,  which  was  prep  ired 
by  boiling  an  alcoholic  solution  of  the  sugar  and  the  base,  crystal- 
lised in  long  needles,  melting  at  132 — 134°.  In  acetone  solutioo, 
it  showed  a  high  dextrorotation  ([a^  +229'5°),  and  no  mutarotation 
was  observed.  Apparently  only  one  form  waa  present  in  this  crystal* 
line  specimen,  as  during  hydrolysis  the  q>ecific  rotation  decreased 
continuously  without  fluctuation.  The  compound  was  quite  unaltered 
alter  several  successive  treatments  with  silver  oxide  and  methyl 
iodide,  and,  as  in  no  previous  case  has  any  soluble  hydroxy-componnd 
resisted  the  action  of  these  reagents,  we  conclude  that  the  anilide  is  a 
y^zidic  form,  and  possesses  the  following  formula : 

CHj-0-CHj-Cii(0-Cil3)-CH-CH(0-CU3)-CH(0-CHJ-CH-^HCjU4. 


foperiments  are  at  present  in  progress,  in  which  the  conatitntioii  off 
glucoseanilide  is  being  further  investigated. 

The  results  obtained  on  applying  similar  methods  to  tetramethyl 
glucoeephenylhydraaono  were  not  so  conclusive.  The  product  of  the 
methylation  failed  to  crystallise,  and  could  not  he  distilled  under 
diminished  pressure  on  aoooanl  of  decomposition.  On  hydrolysis^ 
however,  in  addition  to  aniline  and  methylaniliae,  a  oolourleBa 
dextrorotatory  syrup  was  obtained,  which  did  not  affect  Fehliag'a 
solution;  it  therefore  contained  no  tetramethyl  glueosa  As  the 
substance  was  easily  resinified,  we  were  unable  to  identify  it  definitely 
as  pentamethyl  glucose,  although  its  reaoUons  agreed  with  those 
which  might  be  expected  for  such  a  compound.  At  all  events*  the 
absence  of  tetramethyl  glucose  in  the  hydrolyiia  produeta  points  to 
the  conclusion  that  the  hydraaone  of  tetramethyl  glaoose  differs 
essentially  in  structure  from  the  corresponding  ozime  and  anilide. 

The  halogen  derivatives  of  tetramethyl  glucose,  obtained  by  the 
action  of  phosphorus  halides  on  the  ^iugar,  show  considerable  ehamieal 
similarity  to  those  obtained  from  tetra-acetyl  glucose.    Both  tetn^ 
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Mtlijl  chloroglueoee  and  t«tmoetbjl  bromoglucose  are  uncryRtal- 
lisable  syraps,  the  latter  being  rery  unstable.  Both  compounds  are 
decomposed  by  water,  and  react  with  methyl  alcohol  in  pi-esence  of 
silver  cai  boaate  to  give  a  mixture  of  the  a-  and  jS-tetramethyl  metliyl- 
glucoside:^,  a  result  which  indicates  that  the  preparations  are  also 
mixtures  of  a-  and  /J-forma.  J udging  from  the  relative  proportions 
of  the  two  glucosides  thus  formed,  and  using  this  as  an  index  of  the 
composition  of  our  preparation  of  tetramethyl  chloroglucose,  more  than 
70  per  cent,  of  the  /?  form  must  have  been  present.  The  bromo- 
derivative,  like  tetra-acetyl  bromoglucose,  could  only  be  preserved  for 
a  few  days  without  spontaneous  decomposition.  It  was  found  that 
the  substance  could  be  applied  synthetically  in  tlie  formation  of  other 
alkylated  glucosides.  When  dissolved,  along  with  the  molecular 
proportion  of  benxoin,  in  acetone  and  the  solution  heated  with  silver 
oxide,  benzoin  tetmrnethylglttcoside,  melting  at  105—106°,  was  pro- 
duced.  Thi:^  change,^  in  which  the  alkylated  sugar^restdae  is  intro^ 
duced  into  the  bjdrozyl poaitioiiy  may  bt  regarded  as  a  modification  of 
the  silver  oxide  reaction. 

We  have  also  studied  the  action  of  a  methyl-alooholic  solution 
of  hydrogen  chloride  on  tetramethyl  gluoose  with  the  object  of 
determinuig  if  the  oondeneation  of  the  aloohol  and  the  eagar  depends 
on  the  intermediate  formation  of  an  aoetal  compound.  In  previous 
eaees  (Trana.,  1904, 86, 1068)»  this  reaction  has  been  conducted  at  40^> 
naing  invariably  0*25  per  cent,  of  hydrogen  chloride,  but  in  the  present 
instawoe  the  effect  of  different  concentrations  of  the  acid  at  20^  was 
ascertained  polarimetrically.  TJsing  a  methyl-alcoholic  solution  con- 
taining 5  per  cent,  of  the  sugar  and  8  per  cent,  of  hydrogen  chloride^ 
the  speeifie  rotation  diminished  voiy  rapidly,  but  without  fluctuation. 
The  total  optical  change,  which  was  complete  in  one  hour,  was 
aB+79-2<*  — >-  +69*1^  It  will  be  seen  that  the  initial  rotation 
observed  is  lower  than  that  found  for  tetramethyl  glucose ;  this  is 
doubtless  due  to  the  very  rapid  condensing  action  of  the  acid.  The 
product  consisted  as  usual  of  a  mixture  of  the  isomeric  tetramethyl 
metbvkducoside.s,  and  no  indication  of  acetal  formation  was  observed. 
A  similar  result  wax  obtained  by  the  substitution  of  0*25  per  cent, 
acid.  In  this  case,  the  condensation  was  very  slow  at  20°,  but  the 
specific  rotation  of  the  solution,  which  was  initially  +84*8°,  decreased 
steadily  and  ultimately  became  constant  at  +70*1'^.  The  msQ  of 
0  1  percent,  acid  naturally  occasioned  very  hlow  reaction,  but  in  this 
casf  the  change  of  specific  rotation  was  not  regular.  During  the  first 
t  .vehty-foiir  hours,  a  fall  of  9°  in  [a],,  was  observed  ;  this  was  followed 
l>y  a  slow  increase,  occupying  seventeen  hours,  to  nearly  the  initial 
vaJue.  Thereafter  the  rotation  diminished  very  slowly  indeed,  and 
the  constant  value,  [ajo  +  66  8°,  was  only  reached  after  the  lapse  of 
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Mven  months.  These  optical  cheogee  catmoi  he  afleribed  to  mut*- 
tototion  of  the  eager,  or  to  the  interoonYenion  of  the  alkylated 
glucoaidee  (Trana.,  190i,  85, 1068 ;  1905,  87, 905),  bat»  newtheleast 
on  examining  samples  of  theaolationat  intervals,  nothing  wee  isolated 
from  the  pioduet  except  the  alkylated  glnoosides,  mixed,  when  the 
condensation  was  incomplete,  with  quantities  of  unaltered  totramethyl 
glucose.  This  reaction  therefore  gives  no  indieation  of  the  sugar 
reacting  in  the  aldebydic  form. 

Tlie  ready  solubility  of  alkylated  sugars  in  organic  solvents  enabled 
us  to  apply  the  Grignard  reaction  to  totramethyl  glucose.  This  reaction 
has  already  been  successfully  carried  out  on  tetra-acetyl-rf-glucono- 
lactone  by  Paal  and  Hornsleiu  {Ber.,  11)06,  39,  who  obtaint  d 

a/5y8c^-hexahydroxy-aa-diphenylhexane  as  the  main  product.  Jn  our 
experiments,  however,  using  magDosium  methyl  iodide,  we  have  only 
obtained  negative  results  so  far,  the  alkylated  sugar  being  recovered 
unaltered. 

It  will  thus  be  .set$n  that  with  the  exception  of  the  doubtful  case  of 
tetramethyl  glucosehydrazone,  all  the  derivatives  so  far  obtained  from 
totramethyl  glucose  belong  to  the  y-ozidio  type. 

EXFVEIIIBKTAL. 

iV^MTolton  of  TtHrmniHlh}^  Gtuetmeoxime, 

Ten  grams  of  the  alkylated  sugar  were  dissolved  in  methyl  alcohol 
(200  c.c.)  containing  slightly  more  than  one  molecular  proportion  of 
hydroxylauiine,  and  the  solution  was  boiled  for  90  minutes  under 
a  reflux  condenser.  The  alcohol  was  then  evaporated,  the  crystalline 
residue  dissolved  in  dry  ether,  and  the  solution  filtered.  On  evapora- 
tion of  the  solvent,  a  colourless  syrup  remained,  which  rapidly  solidified 
to  a  mass  of  slender,  prismatic  needles ;  these  were  drained  from 
adherent  oil  on  a  porous  plate.  The  finely  powdered  substance  was 
afterwards  extracted  repeatedly  with  boiling  light  petroleum  in  order 
to  remove  traces  of  unaltered  tetramethyl  glucose,  and  then  recrystal- 
Used  from  a  mixture  of  equal  parts  of  light  petroleum  and  an  hydrous 
ether.  When  microscopically  examined,  the  crystals  appsaied  homo* 
geneous,  and,  moreover,  the  specific  rotations  of  saceesaiTe  crops  were 
practically  constant,  but,  nevertheless,  after  repeated  crystallisation 
the  melting  point  was  rather  indefinite  (61 — 68°).   Analysis  gave : 

0-47*51 ;  H-8  44;  OHs*0-48*6;  N-e-Ol. 
CeHpOjNCO'OHJ^  requires  0-47*81;   fi-.8*86 ;  0Hs*O-49*4 ; 

K»5'58  per  cent. 

TUramBthyl  glucoseoxime  is  readily  soluble  in  water  and  all  organic 
solvents  with  the  exception  of  light  petroleum,  and  the  aqueous 
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■ohrtlaii  liM  no  acikm  on  FeUing's  aoltttion  in  the  oold,  bat  effeeto 
▼igqraiw  ndaetMm  on  boiling.  A  5  per  oent.  eolation  in  methyl 
eleohol  ehoweda  epeeifio  rotation  of  +  25*9^,  which  remained  unaltered 
after  twenty-fonr  honre.  A  eimilarsolntionin  water  gave  [a]^  +37*8^ 
and  hsn,  aleo,  no  evidence  of  mntarotation  was  observed  even  after 
•everal  daye. 

The  hydrolysis  of  the  oxime  was  effected  by  heating  with  excess  of 
8  per  cent,  aqneoos  hydrogen  chloride  at  100^.  The  hydrolysis,  how- 
ever, commenced  even  at  the  ordinary  tempeiatare,  as,  on  standing, 
the  valoefor  [a]o  was  found  to  decrease  from  +27^8^  to  + 15-0°.  On 
now  heating  to  100^,  the  dextrorotation  rapidly  increased,  and  after 
fifty  minutes'  treatment  remained  constant.  The  value  then  obtained, 
if  calculated  on  the  basis  that  tetramethyl  glucose  was  the  only  active 
product  of  the  hydrolysis,  was  4-83*7°,  a  luimber  which  agret's  very 
closely  with  the  constant  specific  rotation  of  the  alkylated  sugar  in 
water.  The  solution  was  neutralised  with  barium  carbonate, 
evaporated  to  dryness,  and  the  residue  extracted  first  with  ether  and 
afterwards  with  a  mixture  of  alcohol  and  ether.  The  former  extract 
gave  tetramethyl  glucose  (m.  p.  8-i — 85°),  and  the  latter  hydroxylainitie 
hydrochloride,  and  these  substances  constituted  the  sole  products  of 
the  hydrolysis. 

AO^flat^on  of  Tetrameihyl  GUusoieoxime.  ^ 

On  adding  silver  oxide  (6  mols.)  to  tetramethyl  glucoseoxime  (1  mol.) 
dissolved  in  methyl  iodide  (10  mols.),  a  vigorous,  spontaneous  reaction 
•nsnedy  which  was  completed  by  heating  on  a  water-bath  for  three 
hom  The  product  was  extracted  with  boiling  ether,  and,  on  evapora- 
tioB  of  the  sd  vent,  a  dear,  yellow,  neutrsl  liquid  was  obtained.  After 
a  second  alkylation  in  which  the  same  proportions  of  alkylatinp; 
mixture  were  used,  the  compound  was  fractionated  under  diminished 
pressure  (b.  p.  144 — 146°  under  10  mm.  pressure).    Analysis  gave  : 

0  =  49  98;  H  =  8  OU;  CH8-0  =  5713  ;  N  =  5-56. 
C^jfl^O^N  requires  0-4981;  H  =  8  68;  OHj-O  =» 68-49 ;  N-5'28 

per  cent. 

The  analyses  not  only  indicate  that  only  one  methoxyl  group  had 
been  introduced,  bat  ezdude  the  possibility  of  the  presence  of  penta- 
methyl  glncononitrile. 

The  alkylated  oxime  is  a  colourless,  neutral,  mobile  liquid,  soluble  in 
all  ordinary  solvents,  and  possessing  no  action  on  Fehling's  solution 
•aespt  on  prolongod  boiling.  The  optical  activity  of  different  pre- 
parsluHia  was  almost  eonstanty  a  five  per  cent,  solution  in  methyl 
aloobol  giTiQg  [«]»  +39*8^  without  mntarotation. 
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The  hydrolysi.H  of  the  alkylated  oxime  presented  considerable  diffi- 
culty. A  4  per  cent,  eolutioa  of  the  compound  was  prepared  in 
water  containing  5  per  cent,  of  hydrogen  chloride,  and  heated  iu  boiling 
water.  As  in  the  case  of  the  parent  oxime,  the  dextro  specific  rotalion 
at  first  diminished  from  38*1°  to  29*8°,  and  afterwards  steadily  increased, 
during  three  hours'  treatment,  to  the  value  +50°.  During  the 
reaction^  appreciable  quantities  of  hydrogen  cyanide  were  evolved,  and, 
judging  by  the  increase  in  specific  rotatory  power,  the  hydrolysis  pro- 
ceeded ^v\j  slowly  at  10(P.  Accordingly,  the  liquid  was  maintained 
at  the  boiling  point,  the  evoWed  hydrogen  cyanide  being  remoyed  in  a 
ourtent  of  air.  After  six  hours'  treatment,  the  evolution  of  the  gas 
ceased;  the  solution  was  neutralised  with  barium  carbonate  and 
worked  up  as  usual.  A  nearly  quantitatiye  yield  of  tetrameUiyl 
glucose,  melting  after  recrystallisation  at  84°  and  showing  the  specifio 
rotation,  [a£*]  -t-  87*8%  was  obtained  as  the  product  of  the  hydrolysis. 

The  methylation  of  these  oximes  was  carried  out  for  the  purposes 
explained  iu  the  introduction. 

AlkylcUion  of  (Enanthaldoxime. — This  substance  was  selected  for 
experiment  as  a  type  of  compound  containing  one  hydroxyl  group 
directly  linked  to  the  nitrogen  atom.  The  oxime  was  readily  soluble 
in  methyl  iodide,  and  was  alkylated  as  usual  by  the  joint  action  of  the 
alkyl  halide  and  dry  silver  oxide.  After  two  treatments,  the  product 
was  fractionated  under  reduced  pressure,  and  obtained  ss  a  eoiourkss 
liquid  boiling  at  65 — 66°  under  15  mm.  pressure. 

Analysis  pointed  to  the  laet  that  methylation  had  proceeded 
normally: 

Found,  0-66-86 ;  H-11-71 1  0Hs*0«19m 

CyH^N'O^OHg  requires 0-67-18  ;  H-11'88 ;  CHg  O-Sl-eS  per  cent. 

Alkijlaiion  of  iSalicylaldoxime, — In  the  case  of  salicylaldoxime,  tho 
reaction  with  silver  oxide  and  methyl  iodide  waa  very  vigorous.  The 
product  was  a  mobile  liciuid,  which  was  distilled  at  125 — 127°,  under 
16  mm.  pressure.  As  the  compound  bin  nod  with  explosive  violence, 
ordinary  combustions  could  not  be  undertaken,  but  a  Zeisel  estimation 
gave  CUg'O  =^  37*1 1.  the  calculated  value,  assuming  tlmt  iwo  methoxyl 
groups  had  entered  the  molecule,  being  37"57  per  cent.  The  con- 
stitution of  the  compound  was  also  proved  by  tlie  formation  of  salicyl- 
aldehyde  methyl  ether  during  hydrolysis.  As  the  melting  point  of 
the  latter  compound  shows  ponsidei»ble  variation,  the  product  of  the 
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hydrolysis  was  identified  by  conversion  into  o-dimethoxybenzoin 
(Trans.,  1901,  79,  670),  melting  at  101-5°  This  result  shows  that 
both  the  phenolic  and  oximido-^oups  present  in  the  oxime  had 
ttDidergone  normal  aULjlation. 

MkyicUion  of  B0tksmnioxiiiM, — In  this  case,  two  successive  alkylations 
were  found  to  be  necessaryt  as  the  oxime  did  not  dissolve  readily  in 
the  elkjl  iodide  and  ecmaeqiienUy  the  addition  of  acetone  was  neoee> 
mxf  in  the  fint  treatment  with  the  methylating  agents.  The  prodoet 
obtained  aa  a  ooloorleaa  oil  boiling  at  182 — 184^  under  16  mm. 
pwiMuie.    Analyas  gave: 

C- 74-94;  H  =  6-85  ;  N  =  5-66. 

Cj^HjiN(0-CH3)2  requires  C  =  75  2  J  ,  H  -  6  GG  ;  N  -  5  47  per  cent. 
As  the  compound  resinified  with  hydrogen  iodide,  the  results  of  the 
methoxyl  determinations  were  invariably  low  (found,  CH3*0=  18*22, 
calculated  for  two  methoxyl  groups,  0H,*0  =  24*31  percent.).  The 
piesenoe  of  a  methoxyl  group  in  the  benzoin  side-chain  was,  iioweyer, 
confirmed  by  hydrolysis.  Thia  was  effected  by  boiling  in  aqueous 
alcoboiic  solution  containing  8  per  cent,  of  hydrogen  chloride.  After 
two  boors'  traatmenty  the  product  waa  precipitated  with  water  and 
extracted  with  ether.  The  ethereal  extract^  after  treatment  with 
^imn  flarhflfiatfti  yielded  en  evaporation  a  crystalline  product  which, 
after  leeryekUliaation  from  li|^t  petroleum^  melted  at  49 — 51^«  and 
waa  therefore  identified  aa  beoaoin  methyl  ether. 

■ 

On  boiling  an  alcoholic  solution  of  equimolecular  proportions  of  the 
sugar  and^aniliiiC  for  several  hours:,  partial  condeusalioii  took  })lace 
with  the  formation  of  tetramethyl  glucosoanilide.  The  yield  uf  the 
latter  was,  however,  materially  increased  by  using  a  conhiderable 
excess  of  the  base.  Equal  weights  of  tetramethyl  glucose  and  aniline 
were  dissolved  in  the  minimum  quantity  of  absolute  alcohol,  and  the 
solution  was  boiled  for  four  hourj^.  As  the  crude  anilide  darkened 
rapidly  when  heated  to  100^,  the  removal  of  the  solvent  alcohol  and 
erceeii  of  aniline  was  effected  by  heating  to  60°  under  reduced  pres- 
aure.  The  semi-crystalline  residue  was  drained  on  a  porous  tile, 
washed  with  cold  water  to  remoye  traces  of  the  sngaTf  and  recrystal- 
lised  twice  from  anhydrous  ether.   Analysis  gave : 

C-61-60;  H-8-18;  CH^  O- 40-49. 

Ci^Hj^OjN  requires 0-61*74;  H-8-04;  OH3«0-89'87  percent. 

The  a  nil  ids  crystallises  from  ether  in  long  needles,  meltiiig  ^sharply 
at  loo-,  and  is  apparently  homogeneous.  It  is  readily  &oluble  iu 
ergaaio  sokvouia,  but  is  practically  insoluble  in  water.    When  boiied 
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for  a  considerable  time  with  water,  the  substance  is  partly  hydrolysed. 
The  Bpecific  rotation  of  a  3  per  cent,  solution  in  acetone  was 
[a]^  +229*5°,  and  no  mutarotation  was  detected  even  after  adding  a 
trace  of  alcoholic  ammonia.  The  compound  was  hydrolysed  by  mixing 
an  acetone  solution  with  an  equal  volume  of  10  percent,  hydrogen 
chloride  and  heating  to  50°.  The  dextrorotation  diminished  steadily 
without  fluctuation,  and,  on  working  up  the  products,  tetramethyl 
gluoose  and  aniline  were  isolated. 

AUtny^Ud  Alkjflaiian  of  Tetnm/stkjfl  OlwsandMniUde, 

The  methylation  of  the  compound  was  attempted  in  order  to  deter- 
mine whether  the  anilide  is  a  condensation  derivative  of  the  sugar  in 
its  aldehydic  or  y-oxidic  form.  A  solution  of  the  compound  (I  mol.) 
in  methyl  iodide  (10  mols.)  was  heated  on  a  water-bath  with  silver 
oxide  (5  mols.).  There  was  no  apparent  reaction,  and  on  working  up 
the  product  after  several  hours'  treatment  the  original  weight  of  anilide 
was  recovered  unaltered  in  melting  point  and  specific  rotation.  A 
second  alkylation  was  tried,  in  which  heating  with  a  large  excess  of 
the  alkylating  mixture  was  continued  for  three  days,  but  with  a 
ffimn*^**  re.^ult.  Additional  evidence  that  no  alkylation  had  occurred 
was  famished  by  the  fact  that  only  8  per  oent.  of  the  silver  oxide 
was  converted  into  iodide.  As  in  no  previous  case  has  any  hydrozy- 
oompound  resisted  this  treatment,  we  oonolnde  that  the  anilide  is  a 
yozidio  form. 

AlkyhiUm  of  Teinm«$hyl  QUteoMpheifiylhydrtmom, 

The  hydrazone  was  prepared  as  already  described  (Trans.,  1903,  83, 
1033),  and  alkylated  in  the  usual  manner.  The  crude  product,  which 
was  a  bright  red  syrup  insoluble  in  water  or  light  petroleum,  but 
readily  soluble  in  organic  aolyents  generallyi  could  not  be  obtained  in 
a  crystalline  state.  The  syrup  gave  in  methyl-alcoholic  solution 
[a^  +24  7°,  a  value  which  does  not  differ  notably  from  the  rotatory 
power,  of  the  parent  hydraaone  ([a]S  + 16*6°).  When  heated  under 
redaeed  pressure,  the  compound  deoompoeed ;  even  on  standing  at  the 
ordinary  temperature,  the  red  colour  became  much  darker,  and 
acoordiogly  no  analyses  were  attempted.  The  hydrolysis  of  the  pro- 
duct of  alkylation  was,  however,  undertaken  in  the  hope  of  gaining 
information  as  to  the  probable  constitution  of  the  compound.  When 
boiled  for  ten  hours  with  aqueous  methyl  alcohol  containing  4  per  cent, 
of  hydrogen  chloride,  no  appreciable  change  occurred,  and  consequently 
the  acid  was  replaced  by  very  dilute  aqueous  sodium  hydroxide,  which 
has  no  appreciable  action  on  tetramethyl  gluco.«5e.  On  now  heating  on 
a  water-bath,  a  (quantity  of  gas  was  disengaged,  which  was  absorbed  in 
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hydrochloric  acid,  the  solntion  giving  the  test  for  a  primary  amine. 
The  mixture  was  then  distilled  with  ste^im,  and  the  volatile  oils  were 
eonverted  into  the  hydrochlorides  and  treated  with  nitrous  acid.  The 
oi^  precipitate  thus  formed  was  extracted  with  ether,  the  solvent 
evaporated,  and  the  residual  oil  mixed  with  concentrated  Bulphuric 
acid.  The  formation  of  a  dark  hlue  colour  showed  the  joint  presence 
of  phenol  and  nitrosoamine,  proving  that  both  aniline  and  methyl- 
aniline  mnet  have  been  produced  in  fhe  hydroljeis.  The  aqneoue 
piwtnct  of  the  hydrolyrie  was  neutralised  and  worked  np  as  nsoat 
In  this  way,  a  eoloorleas,  nnerystellisable,  neutral  syrup  was  obtained, 
whidi  had  no  aeiion  on  Folding's  solution  even  after  heating  with 
addsL  In  aleoholie  solution,  the  substance  was  strongly  deztro- 
lotatoty.  The  compound,  winch  became  resinous  on  standing,  could 
not  be  obtained  in  »  pure  form,  and  oonsequentlj  was  not  further 
osKBined,  but  its  behaviour  agrees  approximately  with  the  probable 
reattions  of  pentamethy  1  glucose  in  its  aldehydio  form.  The  combined 
results  of  the  hydrolysis  therefore  point  to  the  eonolusion  that  alkyl- 
ation  of  the  hydrasone  leads  to  the  introduction  of  -  two  methyl 
groups,  one  in  the  y-position  in  the  sugar-chain,  and  the  other  in  the 
phenylhydrazine  residue.  This  result  differs  sharply  from  those 
obtained  iu  the  case  of  tLe  oxime  or  iiuilide,  where  the  bugar  residue 
in  the  molecule  was  not  affected  by  further  alkylation. 


Tetramelhyl  eMoroglucoae  was  prepared  by  heating  a  10  per  cent, 
solution  of  the  sugar  in  benzene  with  the  molecular  proportion 
of  yihosphorus  pentachloride.  The  reaction  was  carried  out  on  a 
wat<er  bath,  and  was  continued  for  thirty  minutes.  The  benzene  was 
then  removed  under  diminished  pressure,  the  ro.sidue  dissolved  in 
ether,  and  shaken  repeatedly  with  water.  The  ethereal  extract  was 
dried  over  anhydrous  sodium  sulpliate»  and  shaken  successively  with 
barium  carbonate  and  silver  carbonate."  On  evaporation  of  the 
solvent,  a  colourless  oil  remained,  soluble  in  organic  solvents,  but 
insoluble  in  cold  water.  When  warmed  with  water,  the  oil  passed 
readily  into  solution  with  the  formation  of  tetramethyl  glucose  and 
hydic^isii  chloride.  The  substance^  which  was  free  from  phosphoruii 
compounds,  was  completely  decomposed  on  heating  in  a  vacuum  to 
140^.   Without  further  puri6cation,  the  product  gave ; 

01-18-71. 

CjoHifjOjCl  requires  01  —  18*96  per  cent. 

The  specific  rotation  in  methyl  alcohol,  which  can  only,  of  course, 
be  raiparded  as  approximate,  was  [a]ig^  + 154". 
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On  siiakmg  the  solution  at  20°  with  silver  carbonate,  the  rotatory 
power  gradually  diminished,  and  in  forty-«ight  hours  attained  the 
consta-nt  value  [a]*^  +40°.  The  product  of  the  action  was  a  neutral 
syrup,  which  was  easily  recognisable  as  a  mixture  of  a-  and  ^-tetra- 
methyl  methylglucosides,  as  on  hydrolysis  with  hydrogen  chloride 
the  specific  rotation  increased  from  -f  40°  to  +  94*^  and  then  diminished 
to  +85°  The  aole  product  of  the  hydrolysis  was  tetramethyl 
glucose. 

It  was  afterwards  found  that  tetramethyl  a-methylglucoside  might 
be  substituted  for  tetramethyl  glooose  in  the  above  preparation^ 
thereby  facilitating  the  prooess  oonaideiably. 

Tttraimlhyl  BronrngUtcoee. — This  oompouod  WM  prepared  by  the 
action  of  ph(M»phorus  pentabromide  on  the  sugar,  the  details  of  the 
process  being  similar  to  those  described  above  for  the  chloro- 
derivative,  except  that  in  all  the  operations  the  temperaturo  bad 
to  be  restricted  below  80°,  as  above  this  the  product  was  decomposed. 
The  enbataBce  resembled  the  ohloro4erivative,  but  was  much  more 
unstable;  even  when  preserved  in  a  vaonum  and  in  the  dark, 
oomplete  deoomposttion  took  place  in  a  few  days.  The  spedfie 
rotation  of  a  freshly' prepared  specimen  in  acetone  solution  was 
[a]S  +46*9°.  When  heated  with  water  at  100**,  the  compound  was 
completely  decomposed  with  the  f<nination  of  tetramethyl  glucose 
and  hydrogen  bromide.  Using  this  reaction  as  a  means  of  estimating 
the  bromine,  analysts  gave : 

Br -26-61. 

CjflHjgOjBr  roqniros  Br»  26  75  per  cent. 
Wiien  shaken  in  methyl-alcoholic  solution  with  silver  carbonate,  a 
mixture  of  the  isomeric  tetramethyl  methylglucosides  was  obtained, 
the  /3-foTm  being  produced  in  large  excess.  The  same  result  was 
more  rapidly  arrived  at  by  heating  the  bromo-compound  with  methyl 
alcohol  and  silver  oxide. 

AppUeaHon  of  fils  Grignaird  Btaeiim  to  T«§nmmtkyl  Qhwm, 

On  adding  a  solution  of  the  sugar  in  dry  ether  to  a  similar  solution 
of  magLiesium  methyl  io<lide,  a  faii  ly  vigorous  reaction  ensued,  which 
was  continued  on  a  water-bath  for  thirty  minutes.  The  product  was 
hydrolysetl  with  dilute  sulphuric  acid  and  extracted  with  ether.  The 
ethereal  extract  after  drying  over  sodium  sulphate  gave  a  cryskiUine 
residue  on  evaporation.  This  was  recrystallised  several  times  from 
light  petroleum,  and  the  specific  rotation  of  each  crop  determined 
in  methyl-alcoholic  solution.  As  in  each  case  the  various  products 
melted  at  84—^6°  and  gave  the  constant  specific  rotation  [aj?  -fdi^ 
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U  WM  evident  that  thay  oooaiated  6t  the  alkylated  sugar,  over 
80  per  cent,  of  which  wee  recovered  unaltered. 

The  aotkors  desire  to  aoknowledge  their  iDdehtedness  to  the 

CSamegie  Trust  for  a  grant  in  aid  of  this  inveatigatioo,  and  aldo 
to  Proiei>soi'  Furdie  for  much  valuable  advice. 

Chemical  Rksearch  Laboratory, 
Unitkd  Collbge  of  St.  Salvatoe  and  St.  LaoHiJU), 
Ukivk&bitt  ow  St.  Aj^tdrews. 


XII. — Studies  of  Dynamic  Isomerism,  Part  VI.  The 
Influence  of  Impurities  an  the  MiUarotcUion  of 
NitrocanipJior, 

By  T.  Maatiii  Lowby  and  likiBBRT  H.  Maqson. 

Im  the  first  paper  of  the  present  series  (Ticans.,  1903,  83, 1314),  a 
niunher  of  experiments  were  described  on  the  infinence  of  imparities 
on  **  The  Mntarotation  of  Oltioose."  The  midn  oondudon  arrived  at 
was  that,  although  alkalis  had  a  very  marked  accelerating  action,  the 

chani:e  wiiich  the  sugar  undergoes  in  solution  could  not  be  retarded 
)jy  the  addition  of  traces  of  acid,  and  was  therefore  due  to  a  s{)ocific 
at-tion  of  the  solvent  (conducting  water)  on  the  sugar,  rather  than  to 
alkaline  impurities. 

In  the  present  paper,  a  similar  series  of  experiments  is  described  in 
reference  to  nitroramphor,  a  substance  which  has  the  advaotage  of 
exhiVnting  mutarutalion  in  a  much  larger  number  of  solvents,  in- 
duding  inert  hydrocarbons,  the  occurrence  of  isomeric  change  in  which 
was  known,  at  least  in  certain  instances,  to  be  dependent  on  the 
pcessDce  of  imparities  (Trans.,  1899,  76,  220). 

I.  Tdmperatttre, 

All  the  experiments  were  carried  out  at  20^^.  In  the  case  of 
solutions  which  changed  rapidly,  it  was  convenient  to  use  the  ordinary 
Schmidt  and  Uaensch  jacketed  tube  for  making  the  polarimetric 
ehssrvntiops;  the  wailer  cirealatioa  could  be  started  before  the 
eoliilion  was  prapared,  so  that  when  transferred  to  the  tube  the  liqald 
seen  attained  the  tessperatoie  ef  the  water  in  the  jackets  In  the  case 
ef  eolnliene  whidi  cfanogsd  more  slowly,  it  was  not  convenient  to 
■eiiilaiii  tiw  water  diewhrtka  during  the  wMe  period  ol  obsssw 
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tion,  unoimtiDg  in  some  instMioee  to  sevml  weeks;  eneh  eolations 
were  theiefore  ezamiiied  in  anjacketed  polftrimetric  tubes,  of  which 
sereral  ooald  conveniently  be  stored  in  the  theraostat ;  when  required 
for  observation,  these  were  transferred  to  a  cbsely-fitting  copper 
Jacket,  provided  throughont  with  an  efficient  water  dronlation.  ThA 
thermostatic  arrangements  were  identical  with  those  in  the  two 
previous  series  of  ezperioMnts  (T^ans.,  1906,  89,  1033).  A  detailed 
description  of  the  thermostat,  with  a  diagram  of  the  apparatus,  is 
given  in  the  Transactions  of  the  Faraday  Society  (1907,  3,  119). 

II.  MaUriods, 

In  spite  of  their  apparent  simplidtj,  the  experiments  proved  to  be 
of  an  unusually  tedious  character,  owing  to  the  extraordinary  difficulty 
of  attaining,  and  still  more  of  maintaining,  the  high  degree  of 
purification  which  was  necessary,  especially  in  the  case  of  the  more 
inert  solvents.  This  is  perhaps  scarcely  to  be  wondered  at  in  view  of 
the  fact  that  in  a  solution  of  nitrocamphor  in  benxene  there  is  a 
distinet  response  when  piperidine  is  added  in  the  proportion  of  one 
part  in  a  hundred  million.  Again  and  again  the  highly  purified 
material  was  found  to  have  become  contaminated  in  such  a  way  as  to 
undergo  isomeric  change  with  greatly  increased  velocity  ;  the  accelera- 
tions produced  by  the  addition  of  small  i^uantities  of  impurity  to  an 
inert  solvent  could  therefore  ouly  be  determined  by  laboriously  repeat- 
ing the  exporimontn  until  concordant  observations  and  successful 
blauk  experiments  showed  that  the  influence  of  accidental  impurities 
had  been  for  the  most  part  eliminated. 

In  the  case  of  solvents,  such  a.s  alcohol  and  acetic  acid,  which 
actively  promote  the  isomeric  change,  no  such  difficulty  was  experi- 
enced. The  experiments  in  chloioform  led,  on  the  other  hand,  to 
results  which  were  altogether  irregular  and  anomalous;  these  are 
described  and  discussed  in  the  following  paper. 

The  nitrocamphor  used  in  the  experiments  was  purified  by  crystal- 
lising from  alcohol  until  colourless,  and  then  from  light  petroleum. 
When  practicable,  the  solvents  were  distilled  from  phosphoric  oxide  in 
order  to  remove  tnuies  of  moisture  and  basic  impurities. 

III.  Observatiom. 

A  limited  number  of  observations  are  recorded  in  the  tables  and 
shown  graphically  by  means  of  curves.  No  exact  significance  is  to  be 
attached  to  the  values  for  the  initial  and  final  specific  rotations;  the 
solutions  were  prepared  as  quickly  as  possibly  and  no  attempt  was 
made  to  adjust  the  concentration  aoouxately,  or  to  aUow  the  solutioii 
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-  in  tha  gimdofttod  flask  to  attain  an  ezaet  temperatiin9  beforo  finally 
adjusting  tbe  volnme  of  solTsnt  added.  Tho  relativB  TaloM  appear  to 
be  aoenrate  in  most  cases  within  a  few  tenths  of  a  degree,  bnt  the 
benzene  series  compares  somewhat  unfavonrably  with  the  others,  owing 
probably  to  the  exceptionally  large  values  of  the  Potations  to  be 
observed,  and  their  exceptional  sensitiveness  to  small  changes  of 
temperature. 

The  solutions  used  contained,  as  a  rule,  5  grams  of  nitrocamphor  in 
100  c.c.  of  solution.  The  rotations  were  observed  in  2-dcm.  tubes, 
and  were  multiplied  by  ten  in  order  to  obtain  the  specific  rotations  of 
the  solutions;  an  error  of  O  P  in  tho  tabulated  values  corresponds 
therefore  with  an  error  of  only  O'Ol^  in  the  actual  polarimeter 
reading. 

TV,   Farm  ofikt  Cwvu. 

Although  the  isomeric  change  which  produces  the  mutarotation  of 
nitrocamphor  is  known  to  involve,  at  least  in  certain  cases,  the  presence 
of  a  third  substance  or  catalyst,  the  alterations  of  rotatory  power 
appear  to  proceed  in  every  instance  according  to  a  unimolecular  law. 
Theeonstant 

(*i  +  ^s)/*  =  l/«{log(oo  -  ago  )  -  log(a4  -  )} 
has  been  calculated  for  each  series  of  observations  and  is  tabulated  in  a 
nniBber  of  cases.  The  differences  between  the  observed  and  calculated 
vmlnss  of  the  spectfio  rotation  rarely  exceed  0'&*  in  the  alcohol,  acetic 
*  asid,  and  ather  series,  bnt  oooasionally  rise  to  1^  and  over  in  the 
bsoaene  series.  Bven  in  the  latter  caee^  however,  the  variations  are 
irr^golar  and  the  larger  errors  appear  to  be  due  to  increased  ezperi- 
msntal  difficnities,  and  not  to  any  steady  deviation  from  the  uni- 
Biekiciolar  law.  The  main  conclusion  to  be  drawn  from  this  result  is  that, 
whatever  the  nature  of  the  agent  by  which  the  isomeric  change  is 
brought  about,  the  quantity  remains  constant  throughout  the  experi- 
ment.* The  Uet  that  the  neutral  nitrocamphor  becomes  converted  (to 
the  extent  of  about  one-sixth)  into  an  acid  isomeride  does  not  therefm 
affect  tlie  rate  at  which  the  change  takes  place ;  in  other  words, 
**  autocatalysdb "  can  only  play  a  very  insiguiticaut  part  in  the 
process. 

In  the  following  table  are  shown  : 

(1)  .  The  solvent  used  in  preparing  the  solution  of  nitrocamphor. 

(2)  .  The  logarithmic  constant 

the  time  bein^'  expresse<l  in  minutes  in  every  case. 

(3)  .  The  approximate  period  occupied  by  the  change  of  rotatory 

*  The  cflbcte  pvodaeed  bj  tha  gndnal  introduction  or  eUmination  of  a  catalyst 
tn  dmtif  shown  in  the  foUowing  paper. 
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power.  The  p^od  taken  is  that  which  elapses  before  99 1  per  cent,  of 
the  total  change  has  taken  place.    It  is  given  by  the  formula 

Table  L — VdocUy  Canatanti, 
Solvent. 

Alcohol  (Kahlhaum'.s  rt-flistilled)   

+ 1  per  cent.  H.,0   

+  NaOKt'  

+  A71O*  NaOEt  

+  A710*NaC1  

Acetic  acid  , 


«> 


+  1 

Ether  

+1  per  cent. 
Bensene  


Aefi 


H,0 


•t 
I* 
i» 
ft 
»i 
f* 
tt 
*» 
»» 
f  I 


+  AVIO7XC5H,,  

-f  ^710**  NCsHji  

4-A;iry  NCjH,,  

+  A710^  Ni'-.ll,,  

+  A71(^C',H6-NH. 

+  A7102CH;CO.>H 
+  A710  CHj-COaH 
+  A710<  CCl3-C0jH 


Benxeuo 


+  KC1 


Constant. 

Period. 

Percentaga. 

0  noun 

1*S1 

4 

7 

•  »i 

0  01  01 

2 '78 

n-ni  Off 

0 

^  •» 

u  00 

15 

O'AO 

V  WOv 

K 

^  fl 

H'lll 

7 

i    ~t  '  J 

0*001  4ft 

»» 

O-40'i 

i  '1 A 
%  xo 

A  •0001 s 

0*fllSB 

A  •00027 

ft 

> » 

0*073 

V  yj  i  tj 

0*0030 

13  hours 

0-72 

0  046 

1  M 

12*5 

0-23 

10  mint. 

02*6 

0-00019 

8  days 

0  051 

0-00102 

39  hoars 

0*28 

0*00061 

8  days 

0*188 

0-0070 

5^  honn 

0*1§ 

o-or)7 

40  mins. 

15-50 

0-00058 

2£  days 

0-158 

0*0028 

14  honrs 

0*762 

0-0113 

8i  „ 

8-074 

0-00018 

9  day  a 

0-049 

0-00080 

2 

0*22 

y » di)g^(A|  4'     tad  npreaento  in  mo9t  cmob  •  point  at  which 

ontstandiDg  change  of  specific  rotation  amounts  to  only  0*1^. 

(4).  The  percentage  of  the  outstanding  change  which  is  sceompliBhed 
in  each  minute.  This  is  given  by  the  formula  100(A:j  +  k^),  and  is 
obtained  by  multiplying  the  logarithmic  constant  by  100c. 


V,    Influence  of  WaUr* 

The  effect  on  the  velocity  of  isomeric  change  of  small  quantities  of 
Water  was  tested  in  the  case  of  alcohol,  ether,  and  acetic  add.  The 
alcohol  used  was  Kahlbaum's  absolute  alcohol  (99*8  per  cent.),  redistilled 
from  oxalic  acid  in  order  to  remove  allcaline  impurities.  The  ether, 
which  had  already  been  distilled  from  sodium,  was  redistilled  from 
phoFphorio  oxide.  The  acetic  acid  was  purified  by  distilling  from 
potassium  permanganate,  and  dried  by  crystallising  until  the  freesing 
point  became  constant  \  it  was  then  redistilled  and  stored  in  a  Jena 
glass  bottle.  In  each  case,  it  was  found  that  the  addition  of  water 
produced  a  marked  acceleration  of  the  isomeric  change. 

The  addition  of  1  per  cent,  of  water  to  the  alcohol  exactly  doubled 
the  velocity  of  isomeric  change,  the  coiibtant  (^j-f^j)/*  ribiug  from 
0  0018  to  0'009G.    The  acceleration  was  almost  identical  with  that 
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prodoeed  by  the  addiiuMi  of  10,000  sodloni  et]i<mde,  which  gave 
{i^  +  k^)f€^fyiillflii.  It  wu  oonoeivable  that  a  part  of  the  acceleration 
might  be  due  to  imparities  in  the  water,  bat  as  only  1  per  cent,  of 
water  WAS  added  it  wouKl  be  necessary  to  assumo  t  he  presence  of  iV/100 
rtlk-ili  in  the  water  to  account  in  this  way  for  the  acccleratioii  of  the 
i>oiu©ric  changa  Ou  the  other  hand,  it  is  well  knovvu  that  the  velocity 
of  chemical  change  is  greatly  iniiuenced  by  the  solvent  in  which  it 

Tablb  JL-^Atcohol  and  JMUd  AM, 


£aUbaumsAb3.  Alcohol  {WB per eetU,).  Alcohol  +  N/10«  NaOEt. 


£«]» 

Time 

• 

(■te.).  Ota. 

Calc' 

CoB0t 

OtaL 

^  

Calo. 

Ckkoat. 

V 

-28'2* 

Q 

-28-r 

m 

O 

-27-3' 

27-9 

WW 

7 

-261* 

26-3 

01 
£t 

24-7 

25  1 

.  . 

18^ 

24  7 

26  0 

4v 

22-2 

22-2 

0  00480 

23if 

23  2 

23  1 

0  0054 

19-6 

197 

0  00487 

33A 

W.J 

21-4 

21-5 

0-005(i 

»0 

17-0 

16-8 

0*00470 

47 

19 -ti 

197 

0  0056 

IM 

14*8 

14-8 

0*00480 

86 

17*8 

17*4 

0*0064 

152 

131 

18  2 

0  00492 

98 

14  4 

14*5 

0-0057 

181 

12-2 

12-3 

0-00485 

119 

13  :j 

18-3 

0  0055 

213 

111 

11-5 

151 

11-8 

11-9 

0  0057 

250 

10-6 

10-8 

182 

110 

11-1 

0*0067 

280 

10-2 

10  7 

263 

10-3 

10-0 

9  9 

10-3 

862 

9*4 

9*4 

to 

9*8 

9-8 

0-00482 

0*0056 

Atetkti  4*  1  ptrtni. 

Jteohol  +  H/10«  KaOSt 

0 

-26 -a* 

0 

-27-8'' 

ft 

-25-r 

24-8 

H 

-24-1'' 

24  1 

00103 

SO 

20-6 

20-5 

0*0094 

16 

22-0 

22*0 

0*0101 

40 

167 

16  6 

0-0095 

2H 

19-9 

19-6 

0  0095 

00 

13-9 

141 

0  0099 

88 

17-6 

17  0 

0-0094 

8S 

12-5 

12  3 

0-0094 

62 

14*7 

14-9 

00103 

100 

11-4 

11*4 

0*0097 

90 

11*8 

11*6 

0-0109 

140 

10-35 

10-8 

0-0097 

156 

9-9 

9-9 

»-6 

100 

380 

9-5 

9*5 

9-6 

9-6 

00 

9*4 

9*4 

0  0096 


AteoM  -f 

K/10*iraCI. 

0 

10 

-17-6° 

20 

16-8 

-  lo  y 

0'Ui9y 

18 

18*7 

16-0 

00180 

SO 

13*4 

13-4 

0019« 

85 

11*8 

12-1 

0  0219 

40 

11*0 

11*1 

0*8200 

60 

10-2 

97 

0*0181 

80 

9-6 

8-8 

«• 

7-2 

00190 


00101 


AeefieAddL 


0 

-4-r 

10 

-3-4' 

80 

27 

27 

0  00251 

40 

2*2 

21 

0-0u*240 

50 

1-4 

1-5 

0-00263 

80 

1-0 

10 

0 -00251 

70 

0*8 

0*4 

0*00266 

210 

+  4-4 

+  4-3 

0-00261 

270 

6-5 

5-4 

0-00261 

540 

77 

7-5 

flO 

8*0 

8*0 

0  00254 
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Tablv  IL-^AleoM  and  Autie  Acid  (oootinued). 


Acetic  Acid  +  1  per  cent.  fVater,  Acetic  Acid  +  1  per  ttMl.  Acetic 

r  1  Anh^Hde, 


Time 

 . 

[•Id. 

(niin.). 

OIn. 

Cala 

Conit. 

Time 

n 

(miiL.). 
\  *  "/• 

Oba. 

Cale. 

Const. 

-  0  -9° 

0 

20 

-0-4 

-07' 

0*00873 

6 

-2-6* 

2*8 

— 

so 

+  0*9 

0*00842 

10 

1*9 

2  2 

40 

2  1 

2*2 

0-00785 

20 

1*8 

1-1 

60 

3-0 

8-2 

0OO7S5 

80 

0*2 

0*0 

0'00607 

60 

4  0 

4-2 

0-00769 

40 

+  10 

+  0-9 

0-00552 

70 

4-9 

51 

0-00805 

50 

1-8 

1-7 

0-00551 

80 

5-5 

[>-6 

0-0078O 

60 

2-6 

2  4 

0 00521 

00 

6-0 

61 

0  00780 

80 

87 

87 

0  00647 

100 

6-4 

6-5 

0-00772 

100 

4-4 

4-5 

0-00517 

180 

8*0 

b')t 

120 

6'tf 

5-4 

0  00584 

800 

87 

87 

180 

6*5 

67 

OHXNM» 

87 

800 

00 

7-8 
7*9 

7-d 
7*» 

O-0079G   

0-00688 

The  Talnm  lor  other  tnd  for  other  -l-l  per  cent,  water  ore^incltided  in*  table  lY  of 
the  feUowing  paper. 

Fro.  1. 


Mutarotaiion  uj  ailroaimpiior  m  alcohol  and  in  acetic  acid. 
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takes  place,  and  the  action  of  water  in  ;i(  i  elcrating  iho  isomeric  c  LangB 
on  wiiicii  tlu>  iiuaarotiitiou  of  nitiocampiior  depends  (independently  of 
any  iaipuiity  that  mi<:ht  be  added  with  the  water)  would  be  in  evei*y 
respect  perfectly  normal. 

In  the  case  of  acetic  acid,  the  velocity  was  increased  tlireefold  from 
0  00254  to  0  0O7*j6  by  the  addition  of  1  per  cent,  of  water.  The 
actual  acceleration  (0  0054)  is,  however,  very  much  the  same  aa  in  the 
case  of  alcohol,  and  the  greater  ratio  is  due  mainly  to  a  slower  velocity 
of  isomeric  change  in  the  undiluted  solvent. 

In  the  case  of  ether,  the  velocity  was  increased  no  less  than  tenfold, 
from  0  00149  to  U  0154,  by  the  addition  of  1  per  cent,  of  water.  The 
greatly  increased  ratio  is^  in  part,  due  to  the  fact  that  the  isomeric 
change  in  the  undiluted  solvent  was  slower  than  in  the  case  of  acetic 
add  or  alcohol,  but  the  actual  increase  (0*0139)  in  the  ▼elocity-conatant 
is  nearly  three  times  as  great  as  in  the  preceding  eases.  The  greater 
activity  of  the  water  in  this  solvent  is  doubtless  to  be  attributed  to 
the  fact  that  it  remains  for  the  most  part  "  free/'  whereas  in  alcohol 
and  in  acetic  acid  it  is  mainly  conTerted  into  hydrates  by  combination 
with  the  solvent. 

YL  Iivflwtnct  o/  Alkalis  :  Sodiwii  Etkoxide. 

The  isomeric  change  of  nitroeamphor  in  alcohol  proceeds  at  very 
mocfa  the  same  rate  as  the  corresponding  change  which  produces  the 
mnterotation  of  glocose  in  aqneoos  solution.  As  a  further  coincidence, 
it  is  noteworthy  that  sabstantiaUy  equal  accelerations  are  produced  by 
the  addition  of  sodium  ethozide  in  the  one  case  and  potassium 
hydroxide  in  the  other.  The  velocity  with  which  the  nitroeamphor 
changes  is  increased  16  per  cent,  by  the  addition  of  i\r/l 00,000  sodium 
ethoxide  to  the  alcohol,  and  is  almost  exactly  doubled  by  iV/10,000 
»odium  eth oxide.  In  predeuco  of  371000  sodium  ethoxide,  the  whole 
change  was  complete  in  about  £>tiveuteeu  minuter. 

TII.   Infimnce  of  Basni  AwiHiM, 

Experiments  with  aniline,  using  benzene  as  solvent,  showed  that 
this  sub-stance  was  remarkably  inactive  in  promoting  isomeric  change. 
Only  the  smallest  acceleration  was  produced  at  a  concentration  of 
iV/lOOO,  and  even  at  ^V/100  the  mutarotation  was  incomplete  at  the 
end  of  twenty-seven  hours,  although  the  formation  of  aniline  salt  was 
snflkient  to  produce  a  marked  alteration  in  the  final  specific  rotatory 
power  of  the  nitroeamphor.  The  actual  values  of  the  constants  were, 
for  benzene  only  (fci  +  ilj)/!  =  0  00013 ;  with  ^71000  aniUne,  0  00019, 
and  with  aniline,  0  00102.   In  spite  of  the  fact  that  aniline  is 

VOU  XOUI«  1 
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known  to  be  qnite  a  weak  base,  it  is  lomewluit  extnoH&iary  that  tiw 
effects  which  it  procUiceB  Hhould  be  one  thousand  times  smaller  than 

tho8e  produced  by  sodium  ethoxide  in  alcoholic  solutions.  ^ 

VIII.    Influence  of  Bases  :  Piperidine, 

The  experiments  with  piperiiiinc,  using  benzene  as  solvent,  proved 
to  be  the  most  remarkable  of  the  series.   At  a  oonoentration  of 
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iV/1000,  which  in  the  case  of  aniline  produced  only  the  slightest 
acceleration  of  the  isomeric  change^  piperidine  aoted  so  energetically 
that  a  steady  value  for  the  specific  rotation  was  attained  in  three 
minutesi  and  even  with  the  most  rapid  working  only  the  first  two 
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Alaminiutn    Al 

Antimony  Sb 

Argou   A 

Arsenic  As 

Buiam  B« 

msmttth   Bi 

Piorf)n   ,   R 

r.roiiiiiie   }\t 

VA'imiwm     ..  CM 

Ooiaiu   Cs 

Cdciam  Oft 

Ckrlnm  C 

(  Vriiim  Ce 

•  hlorine    CI 

Chrumium    Cr 

<_obiali    Co 

Coluiiibium   Cb 

Copper  Cii 

Djriprasiam  Dy 

E:' iu:a   Er 

Kumpium   Eu 

Fluorine   ,  F 

GauJoliniora   dl 

G&lliiuii  Ga 

Oenottiiiim  Ge 

OtoeiaQin  Gl 

GoU  Aa 

Helium   He 

Hy«!roc:eii   H 

Imiium   lu 

Iodine  1 

Iriiliimi  Ir 

Iron    Fe 

Krypton    Kr 

I^-iiitbiauiQ  T' 1 

Lki  J   i'l, 

Lithium  Li 

iUgnennm  Mg 

Umfmatm   Hn 

Mercary          ..    ' 


0  =  16. 
27  1 

120  2 
39-9 
75  0 

1&7'4 

208*0 
11  0 
79-96 

112-4 

401 
1200 

140  25 
•■^5  -45 
52  1 
59-0 
94 
68-6 

182*5 

186 

152 
19  0 

153 
70 
72-5 
91 

197-2 
4-0 
1008 

115 

124 '97 

193-0 
55-9 
81-8 

108  0 

20«-y 

7-03 
24*38 
55*0 

•'j^in  ■(') 


Moly' plenum    Mo 

Xi;o.lymium.    Nd 

Neon     ♦   Ne 

Nickd    Xi 

NUrr*gea   N 

OMtiinm   Os 

Oxygen   0 

I'allulium  P.i 

Phosjiliorus    P 

Plaimum   Vt 

Potasrium  K 

Pnueodymium  Pr 

Radium  Rd 

Rhodium    Kh 

Rubidium  ,   Rb 

Rutlienium   Ku 

Sauiariuiu  iia 

Scandiain   So 

Seleniom  Stf 

SUicon   Si 

Silver   An 

Sodium  ^  Na 

Strontium   Sr 

Sulphur   S 

Tantalum  Ta 

Tellurium  Ts 

Terbium   Tb 

Thallium   Tl 

Thoiium    Th 

Thulium      ...  Tm 

Tin   So 

Titanium  Ti 

Tungsten  W 

Uraiiiura   U 

Vanadium   V 

.\enou  

Ytterbium   Yb 

Yttrium   Yt 

Zinc   Zn 

Zip  iiiiinm    .  .  Zr 


0  =  1«. 

96  0 

I43t; 

20 
58  7 
14-01 
191 

M'OO 
106  5 

310 
194  b 

dill5 
140-5 
22r* 
103-0 

sr.  5 

101  7 
150  3 
44*1 
79-2 

28  4 
107-93 
23  05 
87-6 
32  06 
181 
127  6 
159  2 
204  1 
232  5 
171 
1190 
48-1 
184 
238 -5 
51-2 

1?;;  0 
69*0 
G5-4 

90-6 


Digitized  by  Google 


mini 

Digitized  by  Google 


STtrmSS  OP  DTNAltlO  ISOMBBiSM.    PART  Vt. 


115 


feadings  of  the  polartmeter  gave  higher  valaes.  At  a  oottoentratioii 
4ji  ilT/ 10,000,  Momerie  ehange  was  complete  in  about  ten  uiniiteB^  at 
ilT/i 00,000  in  lees  than  an  hour,  and  at  i^T/l, 000,000  in  about  ten  hours. 
Finally,  it  was  found  possible  by  comparing  two  solutions  prepared  on 
the  «iine  day  and  with  the  same  materials  to  detect  a  marked  accelera- 
tion resulting  from  the  addition  of  piperidine  at  a  concentration  of 
A/ 10,000,000,  the  velocity  constant  (k^  +  k2)lt  being  increased  from 
0'00013  to  0  00026.  The  constants  for  the  other  solutions  were,  for 
iV/1,000,000  piperidine,  00030;  for  i^7100,000,  0*046,  and  for 
A7 10,000,  0-23.  The  accelerations  produced  are  roughly  propor- 
tional to  the  quantities  of  piperidine  added,  but,  owing  to  the 
exceptional  experimental  difficulties  encountered  in  this  series  of 
obeervations,  we  are  not  able  to  attach  any  exact  ngnificance  to  the 
figures  given.  The  general  results  are,  however,  very  striking.  The 
proportion  of  piperidine  required  to  double  the  velocity  of  isomerio 
change  is  only  one  part  in  one  hundred  million,  or  1  decigram  per  ton. 
Again,  if  a  comparison  be  made  with  the  other  baseSf  the  piperidine 
ia  one  hundred  times  more  active  than  sodium  ethozide  dissolved  in 
alcohol,  and  one  hundred  thousand  times  more  than  aniline  dissolved  in 
benaena 

Am  a  further  illustration  of  the  activity  of  the  piperidine,  it  may  be 
noted  that  in  the  ease  of  the  iir/100,000  solution  the  molecules  are 

present  in  the  proportion : 

Piperidine  :  nitrocamphor  :  benzene  =  1  :  25,000  : 1,000,000, 
and  that  about  2  per  cent,  of  the  nitrocamphor  undergoes  change  in 
each  minute.*  £ach  molecule  of  piperidine  in  the  liquid  must  there 
fore  come  into  contact  with,  and  invert,  500  molecules  of  nitrocamphor 
per  minute,  and,  unless  it  is  selectively  guided  to  the  nitrocamphor,  it 
must  also  collide  with  at  least  20,000  molecules  of  the  solvent* 

The  catalytic  action  of  neutral  salts  was  tested  in  the  case  of 
solutions  in  alcohol  and  benzene.  In  the  former  case,  the  alcohol 
used  to  dissolve  the  nitrocamphor  was  first  saturated  with  salt  and 
filtered  ;  although  the  quantity  of  salt  dissolved  was  very  small,  only 
0*08  per  cent.,  corresponding  with  a  concentration  of  iV/100,  the 
isomeric  change  proceeded  with  four  times  the  usual  velocity,  the 
ooostant  being  raised  from  0*0048  to  0  01 96.  In  the  case  of  benzene, 
the  method  adopted  was  slightly  differrat ;  0-1  gram  of  dry  potassium 
chloride  was  placed  in  a  flask  with  1  gram  of  nitrocamphor  and  ahaken 
up  with  20  ce.  of  beniene ;  after  two  or  three  minutes,  the  salt  inm 

*  Eqailibriam  la  reached  when  about  oue-aixth  of  the  nitrocamphor  liaa  been 
changed  (Irani.,  1904,  85»  1546). 
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filtered  off,  aod  the  rotatory  power  of  the  nitrooamphor  was  deter- 
mined at  intervals  of  ten  minutes  until  a  steady  value  was  attained. 
Here,  a^aini  in'spite  of  the  minute  solubility  of  the  salt^  the  velooit 
of  ehange  was  inereased  fourfold,  the  constant  rising  from  0*00018 
to  0*00080. 

It  will  be  noticed  that  the  salt  at  a  concentration  of  il^/100  produced 
in  the  alcoholic  solution  an  acceleration  three  times  as  great  as  that 
caused  by  soditim  ethozidfr  at  a  concentration  of  j9r/10,000.  The 
sodium  chloride  has  therefore  an  efficiency  which  is,  roughly,  3  per 
cent,  of  that  of  the  free  alkalL 

From  these  figures,  it  is  possible  to  deduce  an  approximate  value  for 
the  relative  affinities  of  the  two  adds  concerned.  The  nitro-componnd 
in  the  5  per  cent,  solution  had  a  concentration  of  Nji,  whilst  ^t  of 
the  chloride  was  i^/100;  in  spite  of  its  twenty-fivefold  concentra- 
tion, the  nitrocamphor  was  able  to  attach  to  itself  only  $  per  cent,  of 
the  available  base,  and  is  therefore  about  eight  hundred  times  weaker 
than  the  hydrogen  chloride. 

X.   Ii^l/umo$  of  Aeids. 

The  influence  of  acids  was  tested  in  tho  case  of  solutions  of  nitro- 
camphor in  benzene,  to  which  known  quantities  of  acetic  acid  and  of 
trichloroacetic  acid  were  added.  Although  the  eiiects  produced  were 
Bmaller  than  those  due  to  alkalis,  it  was  found  that  trichloroacetic 
acid  produced  a  distinct  acceleration  at  a  concentration  of  3710,000 
and  acetic  acid  at  a  concentration  of  iN'/lOOO,  the  velocity-constant 
being  raised  from  0  00018  to  0  00058  in  the  former,  and  0  00051  in 
the  latter  case. 

In  tbecaseof  the  acetic  acid  solutions,  the  velocity-constant  increased 
proportionally  to  0*0070  and  0*057  when  the  concentration  was 
increased  to  Jf/lOO  and  i^/10.  In  the  case  of  the  trichloroacetic  acid, 
the  velocity-constant  increased  less  rapidly  than  the  concentration  to 
0  0028  at  i^/1000  and  0*0113  at  N/IOO.  At  a  concentration  of  N/\0 
trichloroacetic  add,  an  anomalous  result  was  obtained.  The  rotatory 
power  changed  much  more  slowly  than  in  the  corresponding  acetic 
add  solution,  and  actually  at  a  slower  rate  than  at  a  concentra- 
tion of  ilT/lOO.  An  examination  of  the  actual  values  for  the  spedfic  • 
rotation  revealed  the  cause  of  the  discrepancy.  The  trichloroacetic  add 
solution  showed  an  initial  rotation  ([a]o'9T')  at  fifteen  minutes 
identical  with  the  final  rotation  of  the  acetic  add  solution ;  it  was  there- 
fore probable  that  the  equilibrium  between  the  normal  and  pseudo-nitro- 
camphor  had  already  been  attained  when  the  first  reading  was  taken, 
and  that  the  subsequent  change  of  rotatory  power  was  due  to  the 
non-reversible  change  of  the  "  Beckmann  "  type,  whereby  the  nitro* 
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eunphor  is  oonveited  into  the  iflomerio  camphorylozime  (Tnn8»,  1698, 
73,  99).  The  eomctiiMS  of  this  view  was  proved  when  in  one  ez- 
peiiment  the  rotatory  power  fell  in  sixty-three  days  to  ([a]p  -  26°),  and 
the  oxiine  aetnaUy  crystallised  out  in  brilliant  needles. 

It  has  preyionsly  been  recorded  (Trans.,  1899,  75,  221)  that  the 
addition  of  a  small  quftntity  of  hydrochloric  acid  to  a  solution  of 
nitrocaniphor  iu  commercial  iilcohol  did  not  cause  any  marked  acceler- 
ation of  the  isomeric  change.  The  difference  between  the  two  series 
of  observations  is  probably  due  to  the  fact  that  in  aqueous  alcohol 
the  Tiitro  compound  always  changes  very  rapidly,  so  that  the  accelera- 
tion due  to  a  small  amount  of  acid  might  easily  escape  detection,  even 
if  the  acid  itself  were  not  converted  into  ester  ;  in  the  benzene 
solutions,  on  tho  other  hand,  the  change  is  very  slow  when  puritied 
materials  are  used,  and  even  the  mildest  accelerating  agents  are  able 
to  prodnee  very  marked  effects. 

Tablb  IIL — Bmtitm, 

(a)  ^sAsnis  only. 

Tine  0*5  h.      4       22      27      71      93  «o 
[«^ -126-6*  134*9  119*1  U6*2  104*7  102*8  98*2 

(b)  i{mis9fis+ N/107  j^o^Hip 

1lBieO*5h.      4      22      27      71  *  98 
[«]•- 125*0*  121*9  110*7  107*6  100*7  100*2 

(c)  Bsnssfts+N/lO^NO^Hii. 

tiva  Sm.     18*5     68      188     850     812     480     650  oo 
U]ft>121*e*  119*1  112*1  106*4  105-2  108*5  102*0  100*5  100*0 

(d)  ^s»Mfis+K/10&NOAi* 

TbM  1-25  m.    2  8      8*5      6*8     28  5     57  « 
[•^k -128*0*  121*2  118*5  111*6  103*5  101*4  101*8 

(e)  Jensens  -I-  N/1(H  TS^Ofiyy 

Tfanel75m.    2  5     3*5      8*9     4*5      5*0     5*5     6*5    8*2  « 
(•k -107*5*  104  8  102*4  101*5  100*7    99*9    99*1    98*9    98*6  98*4 

(f)  /faiiS0JM  +  K/lO>  NCjHu. 

TIbm  1  IIL      1  '75    2*6  « 
100-5*    977    96*5  96*5 

(g)  ^msms  +  N/10>  CgU^H,. 

lime  Ik       7      21      46      59      95      125  141 
125*3*  120*9  111*7  105*2  104*0  102«6  100*3  99*6 
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Table  III. — Benzene  (continued). 

(h)  JBenxme  ^  N/10>  G«H,NH^ 

Time  0*5  h.  21  4  6'25  9  32*5  87*75 
[«]•- 188*8*  1181  1181  107-8  103*7    86*4  881 

(i)  j50fi«i>M+N/lOSCHaCO,H. 

Time  28  m.     91      825    575     1240  « 
[a]» -121-8*  120*6  117*2  108*2    98*9  98*5 

(j)  Benzene -^'liflWCB.^CO.^^U. 

Time  18  m.      51       90       130      1!>0      315     660     1330  « 
[a]» -121-6**  118*9  116-4  114*3  113-3  109*8  103-6  100  0    90  6 

(k)  .B^JW  +  N/lOCHgCO.H. 

Time  10  ni.       15        20      25       80       40  w 
[aJo-lO^-C     99*0    97-95  97  2     96  9     97  0  97-0 

(1)  A0}iMfM  +  N/lO«GC]3OO<,a 

Time  0-3  h.     2  2b     4  5     lO'S     20  5  « 
[a]„-123-0*  119*2  117-8  110-2  104-7  98*9 

(m)  ^«iiMiM+N/10aOGl,OO,H. 

Time  11  h.    2*5     4*^      7       18  «o 
[a]» -114-0*  108-9  108-7  100*4    98-9  98*9 

(n)  ^0n«0n4  +  N/102  CCl,GOsH. 

Time  0*25  h.    1-75     4-3  oo 
[o]» -114*7°    99*6    96*7  96*7 

(o)  Benzetie  only. 

Time  01  h.     4-5       20       42       50       66      114      162     212  «• 
[ajo -123-6'   121-4   113  9   1077   106  9   105  0  lOl'S  lOl  ?  1011  lOO'O 

(p)  Bemem -hKCl 

Time  0-3  h.      1        13       2        3         4         6         8       24       46  oo 
ia],  - 128*5"  121*4  119*8  118*9  118*8  114*9  112*8  110*0  102-7  100*0  100*0 


Summary. 

(1)  Water  lias  a  large  effect  in  accelerating  the  iaomerio  change  of 
nitrocamphor  dissolved  in  alcohol,  acetic  acid,  or  ether, 

(2)  The  action  of  alkalis  yaries  considerably,  the  nitro-compound 

being  excessively  sensitive  to  the  most  minute  quantities  of  piperidine, 
but  only  slightly  affected  by  the  addition  of  considerable  quantities  of 
aniline  to  the  benzene  solutions;  sodiuiu  ethoxide  in  alcoholic  solution 
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Itodmos  an  intermediate  acceleration  comparable  with  that  arisiDg 
from  ftlw  addition  of  potasdiim  hydroxide  to  aqveou  solution  of 
gluoofle. 

(3)  Keotral  salts  have  a  marked  accelerating  action,  possibly  on 
aeooiiDt  of  the  add  properties  of  the  nitnMSomponnd. 

(4)  Acetic  acid  and  triehloroooetio  acid  cause  an  isomeric  change^  the 
isQmeric  (shange  of  nitrocamphor  dissolved  in  benzene.  In  the  ease  of 
sn  N/10  solution  of  trichloroaoetic  add,  a  farther  large  change  of 
rotatory  power  was  caused  by  the  conversion  of  the  nitro-oompoiind 
into  the  isomeric  camphoryloxiiiie. 


Xiil. — Studies  of  Dynamic  Isomerism.  Part  VII, 
Note  on  the  Action  of  Carhonyl  Chloride  ols  an 
Agent  for  Arresting  Isomeric  Change. 

By  X.  Mabtjn  Loway  and  Egbebt  H.  Magson. 

1.  Early  Observations  of  Arretted  Isunieric  Change. 

Ih  the  paper  in  which  the  mutarotation  of  nibrocamphor  was  first 
dsseribed  (Trans.,  1899,  75,  211),  it  was  stated  that  solations  in 
ddorofom  did  not  always  exhibit  this  change  when  first  prepared, 
and  thftt  aometinies  a  considerable  period  dapsed  before  the  change 
set  in.  Tbna  in  one  case  a  10  per  cent,  solution  in  chloroform  was 
kept  in  a  polarimeter  tnbe  for  a  week  without  the  slightest  alteration 
d  rotatory* power  (the  actual  values  of  the  specific  rotation  were: 
twdve  minutes,  27*5^;  one  day,  27*5*';  six  days,  27*5^;  seven  days, 
27*3^)9  irat  at  the  end  of  this  period  the  change  was  started  accidentally 
(apparently  by  moving  the  tube),  and  then  proceeded  at  a  moderate 
tate  until  at  the  end  of  a  fortnight  the  rotation  had  fallen  to  20^,  a 
value  midway  between  the  ordinary  initial  and  tinal  values.  In  a 
secoiid  case,  a  5  per  cent,  solution  was  prop  ii  ed  in  a  25  c.c.  graduated 
flask ;  half  the  solution  was  transferred  to  a  polarimeter  tube,  and  the 
changes  of  rotatory  power  were  followed,  until  at  the  end  of  eight  days 
a  st^-ady  value  was  attained  ;  aft^r  a  further  period  of  eight  days,  when 
the  remainder  of  the  solution  was  transferred  from  the  flask  to  a 
polarimeter  tube,  the  rotitory  power  was  substantially  identical  with 
that  initially  observed  sixteen  days  previously  ([a]Q26'2°  as  against 
27'2^)>  the  transference  to  the  polarimeter  tube  provp  I  however,  to 
be  sufficient  to  initiate  the  change  of  rotatory  power,  which  proceeded 
in  the  nocval  waj  towards  a  steady  final  value. 
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From  these  observations,  the  conclusion  was  drawn  that|  in  the  catt 
of  noD'Oxygenated  solveiitSy  the  isomeric  change  of  nitrocamphor  did 
not  take  place  nnless  some  third  sahstance  or  impurity  was  present. 
It  was  suggested  that  this  imparity  might  be  a  base,  or,  as  a  less  likely 
altemative,  that  a  trace  of  the  ^•nitnHSomponnd  might  suffice  to 
initiate  the  change  of  the  normal  nitrocamphor. 

II.  Arrest  of  Isomeric  Cluinge  in  Acid  CJdtjroj'orni  SoltUions. 

Nine  years  later,  in  the  course  of  the  investigation  described  in 
the  preceding  paper,  a  number  of  observations  were  made  on  the 
influence  of  acids  and  bases  on  the  mutarotation  of  nitrocamphor 
dissolved  in  chloroform.   The  results  obtained  were  so  anomalous  and 

so  irregular  that  it  was  impossible  to  draw  from  them  any  definite 
conclusions  in  reference  to  the  catalytic  action  of  the  impurities  added. 
The  behaviour  of  the  alkaline  chloroform  solutions  will  be  referred  to 
later.  In  the  case  of  the  acid  solutions,  the  most  striking  results  were 
the  partial  maintenance  of  the  rotatory  power  during  the  first  few 
days  in  a  solution  containing  acetic  acid  of  concentration  NjXOO,  and 
the  complete  arrest  of  the  isomeric  change  durin;:'  no  less  than  tweuty- 
four  days  in  a  solution  to  which  trichloroacetic  acid  had  been  added  to 
a  concentration  of  iV/lOOO. 

These  effects  could  not  be  attributed  to  mere  neutralisation  of  basie 
impurities,  since  the  i/r-form  of  the  nitro^mpound  possesses  acid 
propertieB  which  would  enable  it  to  compete  with  a  mineral  aeid 
for  poBsession  of  an  alkali  present  in  quantity  insufficient  to 
neutralise  both.  Again,  it  has  been  shown  above  that  neutral 
salts  do  actually  exert  a  powerful  catalytic  action  on  solutions  of 
nitrocamphor.  Finally,  it  may  be  noted  that  the  retardations  observed 
in  the  case  of  chloroform  solutions  did  not  occur  when  bensene  was 
used  as  a  solvent.  The  arrest  of  the  isomeric  change  was  therefore 
due,  not  to  the  action  of  the  acid  only,  but  to  some  action  in  which  the 
solvent  plays  an  essential  part. 

It  was  at  first  thought  that  the  unique  behaviour  of  the  chloroform 
might  l)e  duo  to  a  reaction  whereby  ammonia  and  nminic  impurities 
were  eliminated  as  hydrogen  cyanide  or  at>  tA'onitriles.  This  action, 
however,  takes  place  most  readily  in  alkaline  solutions,  and  there  wiui 
nothing  to  indicate  that  the  addition  of  an  organic  acid  would  be 
likely  to  promote  it.  The  discovery  of  the  actual  process  by  which  the 
isomeric  change  is  arrested  was  partly  accidental.  It  was  noticed 
that  the  acid  chloroform  solutions  acquired  a  powerful  and  unpleasant 
oJour,  and  fumed  whf»n  exposed  to  the  air.  Subsequent  inquiry 
elicited  the  fact  that  the  odour  was  that  of  carbonyl  chloride,  % 
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rabttomse  wliieb  is  produeed  even  in  pure  chlorofonii  by  the  «etion  of 
air  and  light : 

CHOI,  -!>  O  -  GOCI) + HC9, 
and  is  evidently  formed  with  incrsased  readiness  in  presence  of  acids. 
For  some  months  no  importance  was  attached  to  this  obeervation,  bnt 
finally  it  was  realised  that  earbosyl  chloride  would  be  a  most  efficient 
agent  in  eliminating  aminic  impurities,  since  these  would  be  convoi  teii 
into  neutr.il  carbamides,  from  which  the  amine  could  not  bo  recovered 
even  by  the  most  powerful  acids.  The  presence  and  the  production  of 
c&rbonyl  chloride  in  the  chloroform  solutions  would  thorefore  afford  a 
sufficient  explanation  of  all  tho  auumalous  results  which  had  been 
obtained  (see  §§  III  and  IV_),  and  it  was  further  realised  that  the 
chloride  mijjht  be  utilised  as  a  powerful  and  efficient  agent  for 
restraining  or  arresting  isomeric  change  in  other  solvents. 

in  AtkaHne  Chhrofmn  SoltaioM, 

The  observations  made  with  chloroform  solutions  to  which  piperidine 
had  been  added  were  at  first  exceedingly  puzzling*  but  when  recon- 
sidered in  the  light  of  later  knowledge  in  reference  to  the  action  of 
carbonyl  chloride,  not  only  became  intelligible,  but  were  found  to 
afford  Talnable  iUostnitions  of  the  way  in  which  this  substance  acts 
in  eliminating  basic  imparities.  At  moderate  dilutions,  piperidine  is 
at  least  as  active  in  chloroform  as  in  bensene,  bnt  its  activity  decreases 
both  with  dilation  and  with  time*  owing  doubtless  to  its  gradnal  con* 
ymtum  into  the  carbamide,  CO(N05H]o)2.  When  a  f^bly  prepared 
iT/l 0,000  solution  of  piperidine  in  chloroform  was  used  as  solvent  for 
the  nitrocamphor,  a  steady  value  for  the  specific  rotation  was  obtained 
within  two  minutes  of  the  time  when  the  nitro-componnd  was  dis- 
solved ;  but  when  the  game  experiment  was  repeated  twelve  days 
later  with  the  same  alkaline  solution  and  the  same  sample  of  nitro- 
itamphor,  a  quarter  of  an  hour  elapse<l  before  the  final  v;ilue  was 
reached.  The  activity  of  the  pi|)eridine  in  the  chloroform  had  thus 
been  reduced  to  about  one-tenth  by  merely  keeping  for  a  fortnight. 
For  a  corresponding  solution  in  benzene,  the  period  occupieil  by  the 
isomeric  ciiange  had  an  intermediate  value,  about  seven  minutes. 
When  the  dilution  of  the  piperidine  was  increased  to  T'l 00,000  by 
adding  a  further  quantity  of  chloroform,  the  change  occupied  a  whole 
day  as  compared  with  an  hour  for  the  corresponding  solution  in 
benzene.  On  further  dilution  to  JVyi, 000,000,  the  rotatory  power  fell 
in  a  single  day  from  28  0^  to  25-4^  but  at  the  end  of  eight  days  had 
only  fallen  to  22*2^.  Further  obssrvations  at  the  end  of  eleven, 
fifteen,  and  twenty-one  days  gave  the  values  21*9^  21*8'',  and  21*4^ 
the  unud  final  valae  beiog  about  15^   In  this  case^  therefore,  the 
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rotatory  power  reached  a  fictitious  final  valna,  and  the  isomeric  change, 

which  had  at  first  proceeded  with  moderate  velocity,  was  actually 
arrested,  while  still  far  from  complete,  by  the  total  elimination  of  the 
piperidine  which  had  been  added  in  order  to  promote  the  change. 

Tabls  L — Chlorofoirm  mnd  Piperidin$, 

(a)  First  sample.  (6)  Second  isample. 

^     XMp-U-T      li-9/     1  -18  6      17  8      16-3      15-2      13  P/ 
v/iAi/Time  64m.      16}       80        46        76       158       210  487 
'     IW»  -27-3*      2«7      26  0      26  0      23  4      21  0      20-»       17  3 

Time  710      1600       a>  \ 

M»-I6'l      15*6  147/ 


IV,  Acid  CJdoroform  Solutions. 

At  concentratioDB  of  iT/lO  and  i^/100,  trichloroacetic  acidf  dis^ 
solved  in  the  solvent  chloroform,  produced  accelerations  comparable 
with  those  observed  in  the  case  of  benzene  solutions,  a  steady  rotation 
beiii^  reached  in  about  half  an  hour  in  the  former,  and  a  few  hours  in 
the  latter,  ease ;  the  yelodty  eonstants  (J^'^h^jt  were  0*07  and  0*007 
reepeetivelj.  The  complete  arrest  of  the  isomeric  change  during 
twen^-four  days  at  a  dilution  of  iiyiOOO,  which  is  clearly  shown  in 
the  following  table,  was  therefore  in  marked  contrast,  not  only  with 
the  behaviour  of  the  bensene  solutions,  but  also  with  that  of  the  mofe 
add  ohlor<tom  solutions. 

^^^^  % 

When  acetic  acid  was  added,  an  aooeleration  was  again  shown  at  a 
concentration  of  ilT/lOOO.  At  concentrations  of  if/10  and  ilT/lOO,  the 
rotatory  power  remained  almost  constant  daring  the  first  few  days, 
and  then  changed  at  a  gradually  increasing  rate  towards  the  ordinary 
final  value.  The  curve  connecting  rotatory  power  with  time  is 
therefore  horizontal  initially  as  ^voll  as  finally  and  contains  a  point 
of  inflexion,  a  result  that  i.s  in  accord  with  the  view  that  the  solution 
was  initially  free  from  alkali,  but  gradually  absorbed  from  the  glass 
a  basic  catalyst  by  which  the  isomeric  change  was  brought  about. 


Tabli  n.— (a)  Chlorofoirm  and  TriehloroacfHo  AM, 

'     \[«]d -Ift-S*      14*7  12*5/ 

v/ina/T'' '    "  "1         -1         61        134         «:  \ 
'      VWr.  -17-8^       23  0       18-2       16-5  18-4/ 


Time  15  m.      7  h.       Id.       2d.         3  6  6 

(.al»-26-8*      26*9      2«'7      26-8      267      26  7  26 


Time  8  d.         10         14         16         \9  24 
[aj»-26-8      267      26 '8      26*4      26  8  26*8 


•9      26  7  I 
64  I 
21*8  J 


'k. 
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(b)  Chloroform  and  Acetic  Add, 

Time  5  tn.  4  h.  13  h.  24  h.  60  b.      6  d. 

.[o], -26-7°  26-2  26  1  26*0       259  22*0 

^Time40in.  3  h.  16  39  h.  90  h. 

[a]»-S6-8*  27*1  27*1  26-5  267 

vnA>/Tim«  1*611.  17*6]u  89-6li.  87  h.  Ill  h.  181  b. 

'     lW»-27*5'  26-6  21-2  19-8      17*1  18-6 


jyr/10  {j 


y,  ArT69t  of  I»ammc  Change  in  Bmvitm, 

Ever  since  the  first  observations  were  made  of  the  arrest  of  the 
rotatory  power  of  nitrocamphor  in  chloroform,  it  had  been  desired 
to  extend  the  observations  to  other  solvents  and  other  solutes. 
Hitherto,  the  only  method  available  had  been  by  the  most  careful 
purification  of  solvent  and  solute.  In  the  case  of  solutions  prepared 
by  dissolving  nitrocamphor  in  benzene,  this  purification  led  to  a 
daisreaao  in  the  velocity  of  mutorotation  such  that  a  constant  rotatoiy 
power  was  only  attained  after  a  week  or  a  fortnight,  whereas  less 
carefully  purified  samples  attained  to  equilibrium  in  the  course  of  a 
single  day*  No  arvest  comparable  with  those  in  the  ebloroform 
salations  eovld,  howew^  be  observed.  EzperisBents  were  therefore 
made  to  determine  whether  tiie  desired  result  oonld  be  achieved  "by 
adding  a  txaoe  of  oarbonyl  ehloride  to  the  eolations.  The  chloride,  of 
which  a  30  per  cent,  solution  in  toluene  was  purchased,  was  twice 
diluted  with  bemene  in  the  ratio  1 : 200,  and  the  second  dilution,  in 
whleh  the  oarbonyl  chloride  was  present  in  a  concentration  of  about 
iV/ 10,000,  was  used  as  a  solvent  for  a  6  per  cent,  solution  of  nitro- 
camphor. This  was  prepared  in  a  50  c.c.  flask  of  silica  glass,  and  a 
sample  was  at  once  transferred  to  a  polarimeter  tube.  This  exhibited 
a  very  slow  alteration  of  rotatory  power,  the  change  being  only  half 
eomplete  at  the  end  of  twenty  days;  the  velocity  constant  (/t,  +k^j€ 
was  reduced  from  values  such  as  0-00017  or  0  OU(Jl3  to  0  000024. 

After  thirteen  days,  a  second  sample  was  transferred  from  the 
silica  flask  to  the  polarimeter  tube;  it  showed  an  initial  rotation 
witbin  1'^  of  tliat  recorded  nearly  a  fortnight  previously,  but  at  once 
commenced  to  change  with  a  velocity  somewhat  greater  than  that  of 
the  first  sample.  At  the  end  of  a  further  eight  days,  the  change  had 
sfrnended  that  undergone  by  the  latter  ;  there  was  thus  accomplished 
in  &  week  a  change  which  had  required  three  weeks  in  the  case  of  the 
•  int  sample. 

A  third  sample^  taken  from  the  quarts  flask  after  twenty-five  days, 
showed  A  furtlier  decrease  of  only  0*4^  in  twelve  days.  The  velocity 
osnstuii  for  tiie  solatioii  in  the  flask,  deduced  from  the  change  of 
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I 


1*4°  iu  twenty-tive  days,  has  the  extraordinary  value  of  0  0000008 

« 

only. 

Tho  analogy  to  the  behaviour  oi'  the  cliloroform  Bolutions  is 
comijlete ;  the  change  normally  observed  is  evidently  due  to  traces 
of  impurity,  and,  as  these  can  be  eliminated  by  means  of  carbonyl 
chloride,  they  must  evidently  be  aminic  in  character  and  not  mineral 
bases.  Althou^^h  the  arrest  was  practically  perfect  in  the  silica 
flask,  mineral  impurities  appeared  to  be  introduced  at  once  on 
transferring  the  solution  to  the  polarimeter  tube  ;  the  velocity  of 
the  subsequent  change  of  rotatory  power  was  probably  determined 
by  the  softness  of  the  glass  and  the  success  with  which  it  had 
been  cleaaed. 


{ 


Tablb  III. — Bmaam  and  Cmrbowf^  Chkrid$, 
(a)  Benzene  onljf. 

Time    i\x.        6        205       69         98      123      148      169       211  ^r,  ^ 

[a]»  -123-1°  120*8   117-8    1118    108*1    106  8   105'4   1047  W^'Oj 


(b)  Bem^M-i-NIW  Carbonyl  ChloHde. 

/Tiuic    Oh.      14i      62        92       117      137      163      279      851  899 
U«3i» -122-r  121-9    117-7    116  5    1154    115  1    1149    112'1    lll-»  1U7 

Time  449  h  502  .'93  ^  \ 
[aj»     -110-1'  108-4    107*9  lOaOj 

Second  sample.  Third  sample. 

/Time     13  d.     17        19       21    1  /26  d.  \ 

\[a]„    -121-1°  114-0    111-1    108-9/  \120*7  / 

Curves  rcprcseutiug  these  observations  are  iucluded  iu  Fi^.  2  uf  ihe  preceding 
paper. 

YI.  Arreet  o/  Itamerie  Change  in  Ether, 

The  Telocity  of  iaomeric  ehaDge  in  ether  had  already  been  rednoed 
by  careful  purification  to  less  than  a  tenth  of  that  previously  recorded 
(Trans.,  1899,  75,  222),  the  period  being  increased  from  two  hours  to 
a  day.  The  addition  of  i^/10,000  carbonyl  chloride  resulted  in  a  further 
reduction  of  velocity  in  the  ratio  1:17,  the  constant  {k^-{-h^l€  being 
reduced  from  0  001 49  to  0*000086.  (It  is  noteworthy  that,  even  in 
this  case,  the  unimulecular  law  was  found  to  hold  good  with  a  con- 
siderable approach  to  accuracy.)  As  the  solution  was  prepared  in  a 
glass  llask  and  examined  in  a  glasb  polarimeter  tube,  there  could  be 
little  doubt  that  a  large  proportion  even  of  the  small  velocity  remain- 
ing was  due  to  impurities.  This  view  was  confirmed  by  a  subsequent 
experiment  with  A7250L)  carbonyl  chloride,  which  was  carried  out  in  a 
silica  flask;  in  this  case,  the  rotation  fell  from  40 '5°  to  26*6^  only  ia> 
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fi{t4?en  days,  and  the  velocity  constant  was  reduced  to  O  OOOUliG.  it  i« 
probable  that  even  this  small  value  might  be  reduced  by  further 
parifieatuniy  and  there  can  therefore  be  little  doubt  that  in  ether,  as 
ia  benxene  and  chloroform,  the  isomerio  change  ia  not  Bpontaneoust 
bat  depends  on  the  presence  of  impurities. 


£Uur  alone. 

Time 

Time 

mins. 

Obe. 

CaIc. 

Constant. 

iniaa. 

ObB. 

Oile. 

Constant. 

50 

23-2" 

231° 

00150 

0 

— 

— . 

— 

60 

22-5 

22-4 

0-0118 

10 

36  4° 

— 

80 

21-5 

21-6 

25 

S6-2 

— 

120 

210 

20*0 

60 

3-4G 

34-8 

0  00161 

Of) 

33  i 

33-6 

0  001 4 8 

to 

20-7 

0*0154 

120 

32-4 

32-5 

0  00154 

150 

31*5 

81-6 

0-00151 

180 

90-6 

30-7 

0-00152 

Etkcr 

+  A/10«  Cwbmyl  Ckkride. 

240 

20-5 

29-2 

0-00140 

900 

28-4 

28  0 

0-00137 

hours. 

3t;o 

27-5 

27-0 

0 

37-7 

4S0 

25-9 

2r>T. 

37-5 

37-6 

^0 

25-0 

24-3 

H 

37-4 

37-5 

4 

86*6 

87*0 

1S80 

22-6 

0*00140 

18] 

35  0 

31 -9 

n-on;'09 

66 

30-5 

30-2 

U'UMlSG 

22-6 

06 

27-9 

28-2 

0  00^60 

121 

27  1 

27*2 

0-00524 

Stker  +  1%  ITater. 

141 

26-6 

26*5 

0  00502 

168 

25-8 

25*8 

0-00513 

0 

-84  r 

242 

24*45 

24*6 

10 

80-4' 

30-5 

0*0169 

20 

27-6 

27  6 

0-0154 

00 

23*9 

0-00516 

30 

25-4 

25-5 

0-0158 

40 

241 

24-1 

0*0154 

Ib  ^  above  table,  tbe  logRrithmic  constant  for  the  carbooyl  chloride  aolatioB  ia 
calmlatfd  in  hours. 

VIX.  Arrest  of  Isomeric  Change  by  Acetyl  Chloride, 

In  aooordanes  with  the  explanation  put  forward  above  (§  II),  the 
property  possessed  bj  carbonyl  chloride  of  arresting  isomeric  change 

is  due  to  a  specific  action  on  amines  and  ammonia.  Similar  properties 
should  therefore  be  iiossessed  by  other  acid  chlorides  which  are  capable 
of  forming  neutral  amides.  In  order  to  test  this,  a  solution  of  acetyl 
chloride  in  benzene  was  prepared  of  Njbi)  concentration,  and  further 
diluted  to  iV/500U.  The  second  dilution  was  used  as  solvent  for  a 
5  per  cent,  solution  of  nitrocaraphor,  which  was  made  up  in  a  silica 
flask.  The  tirst  sample  transferred  to  the  polarimeter  tube  showed  a 
change  of  rotatory  power  from  126°  to  116°  in  four  days,  the  velocity 
eoostant  being  0*000025,  or  about  one-sixth  of  the  normal  value ;  the 
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retardation  was  thus  substantially  identical  with  that  produced  by 
earbcmyl  chloride  of  half  the  concentration.  The  solution  in  the 
silica  flask  showed  a  decrease  of  rotatory  power  from  126*0^  to  124*1^ 
in  five  days,  correspondiDg  with  a  ▼elooity  constant  0*0000088.  At 
the  end  of  forty-one  days,  a  third  sample  was  taken  from  the  flask ; 
the  specific  rotation  had  fallen  only  3  degrees  in  five  weeks,  the 
velocity-constant  for  the  whole  period  being  reduced  to  0*0000017. 
The  constant  for  the  carbonyl  chloride  solution  under  similar  con- 
ditions was  ()-no()0008.  The  acetyl  chloride  is  therefore  but  little 
icferior  to  cai  bonvl  chloride  in  its  "  anticatalytic  "  properties. 

It  will  be  noticed  that,  both  here  and  when  carbonyl  chloride  waa 
used,  the  arrest  of  the  isomeric  change  in  the  solution  in  the  quartz 
flask  was  much  more  marked  in  the  latter  than  in  tlie  earlier  stages  of 
the  experiment.  Tin's  is  probably  due  to  the  fact  tiiat  the  bri'^ic 
impurities  on  which  the  isomeric  change  depends  are  only  very  slowly 
eliminated  when  their  concentration  has  been  reduced,  say,  to 
iVy 100,000,000.  The  gradual  elimination  of  the  impurities  in  these 
solutions  proceeds  in  a  very  similar  manner  to  that  of  the  piperidine 
in  the  i\71, 000,000  solution  in  chloroform  described  in  section  III. 

Acetyl  chloride  was  also  found  to  be  an  efficient  agent  in  arresting 
the  isomeric  change  of  nitrooamphor  dissolved  in  carbon  disulphide. 
The  disulphide^  which  had  been  purified  by  standing  for  ten  years 
over  concentrated  sulphuric  acid,  was  twice  distilled  from  phosphoric 
oxide  and  mixed  with  1  per  cent,  of  the  solution  of  acetyl 
chloride  in  bensene.  The  iVySOOO  solution  obtained  in  this  way  was 
used  for  preparing  a  solution  of  nitrooamphor  in  a  silica  fiask ;  the 
sample  transferred  to  the  polarimeter  tube  changed  rapidly,  and  at  the 
end  of  four  days  had  attained  to  a  condition  of  equilibrium ;  the 
solution  in  the  flask  was  found  at  the  end  of  live  days  to  have  under- 
gone no  change  of  rotatory  power,  the  flrst  reatli  g  of  the  second 
sample  being  a  little  higher  than  the  first  reading  of  the  rapidly- 
changing  first  sample ;  at  tlie  end  of  forty-one  days,  the  rotatory 
power  had  rifieu,  probably  by  slight  evaporation  of  the  solvent^ 
to  89  3'^. 

Table  Y. — (a)  BmutM  and  Aettj^  Chloride, 

First  sample*  Second.  Third. 

nr/iAi/Titne  5  m.       8^  h.       26  b.     100  b.         /   li2Ji.       /    41  d. 
'     IW»-126»'      12l>'8      128-8      116-9         \-124r  \-1210* 


(6)  Carbon  Dmdphide  and  Aottyl  Chloride, 

First  sample.  Second,  Third. 

wyin4/Tiinu  5  nu       74  h.     24  h.      46  h.     100  h  1      /I20h.  /   41  d. 

'     UaJo-8«0"      84-8      82"?      821      61 '3.  /     \-87-0  \-88-8* 
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VIII.  ExperimeiUa  wil/i  n^Hylcarbiiaide. 


Xbe  nnm  dmwlMusk  to  the  use  of  aoid  ehlorideB  m  a  moMis  of 
oliiiiinating  mmmnnift  and  ftmiiiM  is  tliat»  in  addition  to  the  amido^ 
bydraigen  oliloride  is  foimod  aa  a  pfodoet  of  tiM  intoeaoUony  and  thia* 
althoogli  mnch  leas  aotiTo  tlian  tho  amines,  liaa  decided  cataljtic  proper* 
ties.  Another  agent  whieh  could  he  need  for  the  purpose,  without 
lha  lomation  of  any  aeeond  product,  was  phenylcarbimide.  Thia  was 
dissolTed  in  benzene  and  diluted  to  a  concentration  of  ^/10,000.  When 
used  as  a  solvent  for  nitrocamphor,  it  was  found  tl>at  the  rotatory 
power  fell  irum  124:-6'^  to  114*6^  in  ten  hours,  and  that  at  tho  end  of 
only  two  days  a  steady  value  had  been  reached.  The  velocity  constant 
for  the  solution  was  0  00032.  The  solution  in  the  quartz  flask  showed 
a  fall  of  rotatory  power  from  124'6°  to  109 '7°  in  four  days,  velocity 
constant  0-OO00T8. 

It  is  evident  from  these  experiments  that  phenylcarbimide  is 
of  no  vahie  as  an  agent  for  restraining  isomeric  change.  This  may  be 
attributed  to  the  fact  that  it  reacts,  not  only  with  amines,  but  also 
with  hjdrozylic  compounds*  The  tcaoe  of  the  carbimide  added  to  the 
benzene  would  therefore  soon  condense  with  i^-nitrocamphor,  and  be 
rendered  useless  so  far  as  the  possibility  of  eliminating  amines  is  con- 
cerned. When  present  in  large  quantities,  on  the  other  hand,  there 
it  little  doubt  that,  whilst  reacting  with  one  or  both  of  a  pair  of 
dTnamie  iaomerides^  it  would  at  the  same  time  eliminate  basic  impuri- 
ties and  retard  or  arrest  isomeric  change  (BrU,  Assoc  JR$pori,  1904, 
S15X  In  this  way,  the  definite  results  obtained  by  Qoldschmidt  {B«r,, 
1890,  23,  257)  when  using  the  agent  for  the  chemical  examination  of 
djnamic  iaomerides  may  be  explained. 


IX.  AUempU  to  Arrest  Isomeric  Changs  in  Acetic  Acid, 

In  the  case  of  most  of  the  more  active  solvents,  such  as  the 
alcohols^  it  would  be  of  no  use  to  add  an  acid  chloride  as  a  purifying 
agents  as  it  would  at  once  be  deeompoeed  by  the  solvenk  In  the  case 
ol  acetic  add*  however,  it  was  possible  to  make  experiments,  com- 
parable with  those  carried  out  in  benzene  and  in  ether,  by  adding  to 
the  purified  acetic  acid  eitber  acetic  anhydride  or  acetyl  chloride  to 
^^^H  and  amines.  In  the  first  place^  acetic  anhydride 


Tabls  YI^ — Bmzine  and  FkmylearHnwU. 


128 


LOWBT  AND  MAG80N : 


only  was  added,  the  puiiticd  acid  to  be  ufied  as  bolvent  for  the  uitro* 
camphor  being  distilled  with  1  per  cent,  of  the  anhydride.  So  far  from 
retarding  the  change,  this  treatment  actually  caused  an  acceleration, 
owing,  perhapst  to  the  presence  of  phoephorns  compounds  in  the 
anhydride.  In  some  later  ezperimente,  a  trace  of  acetyl  chloride  was 
added  to  the  mixture  as  it  was  thought  that  the  anhydride  might  be 
somewhat  slow  in  reacting  with  bases.  In  this  case,  also^  we  failed  to 
produce  any  definite  retardation  of  the  isomeric  change.  So  far  as 
the  present  experiments  are  concerned,  it  appears,  therefore,  that  the 
methods  by  which  isomeric  change  may  be  arrested  in  benzene,  in 
ether,  and  in  carbon  disulphide  are  not  applicable  to  the  group  of 
actiTO  solvents  to  which  acetic  acid  belongs. 

Tabu  VII. — Aceiie  Acid,  Ac$Uc  Anhydride,  and  Acetyl  Cidondc 

/Time  5  m.      10       20       80        40        50         60        70  dO  120 

\[«].-4*4      8*8      3*2      2-8      2*0  1  15  OSS    +0-2  1*8  2*0 

Time  180  m.  3^  h.  4i  h.  6^  \\.\ 

[o]„  +3-9  4-5  b-S  / 

Note. — The  data  for  acetic  acid  alouo  and  fur  ftcefcic  acid  with  1  per  ceot  scetie 
anhydride  an  included  iu  Table  II  of  the  preceding  papw. 

X.  Theory  of  Itomartc  Change, 

The. observations  described  above,  and  eummarised  in  Table  VIII, 
have  an  important  bearing  on  the  theory  of  isomeric  change.  Up  to 
the  present,  three  chief  theories  have  been  advanced. 

(1)  It  was  suggested  by  Laar,  in  1885,  that  in  cases  such  as  that 
under  consideration  the  substance  is  "  tautomeric,"  that  is,  in  a  state 
of  constant  oscillation,  the  mobile  hydrogen  atom  moving  constantly 
to  and  fro  between  two  alternative  positions.  Not  only  ^erefore  was 
the  isomeric  change  spontaneous,  but  the  isomerides  were  reduced  to 
"phases,"  which  could  not  be  separated  in  any  conceivable  drcum- 
stances,  unless,  possibly,  under  the  inaccessible  conditions  of  the 
absolute  sero. 

(2)  Eight  years  previously,  Butleroff,  in  calling  attention  to  the 
existence  of  reversible  isomeric  changes  in  liquids  and  solutions,*had 
suggested  that  these  might  be  (a)  dependent  on  the  presence  of  a 
catfUyst,  or  (6)  spontaneous.  • 
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Table  Vlll. — Vtlocity  Constants, 


Solvunt.  Constunt. 

CUloroform  +  AVlO  CCla'COsH   0  069 

+A7ie^ccvco,n   00071 

•I'A/lO'OCls-GOcUl   0 

e   0-00010 

H-AVIO*  COCL  (gla*s)    0  000024 

+yAO*  OOCl,  (silica)   0-00000078 

+  iV'lO*  CH,-C0C1  (glass)    01)00025 

+  .V/10*  CH/C'OCl  silica)    0*0000017 

+  A/10*  CgJij-CNO  (glaiis)    0-00032 

+  A710*C^H«*CNO(ii]i»)   0  000078 


ft 


ft 

it 


ft 


Sther 


water 


0-0154 


it 
I* 

H 


Period, 

6|  hoars 

00 


I'orcentage. 

18 -62 
193 

0 

0  •0-272 


only    0  00149 

+A7l0*OOCLi(gla5s)   0-000086 

+iV/2600OOOlt(ailica)    0*000026 

KoTE. — The  Tdaee  maiked  (gUae)  are  for  solutions  ke 
tabes.  These  marked  (silica)  are  for  aolntions  kept  in  sUks 


16  days 

(>6  days  0'UUt;5 

6  yeaw  0*00021 

64  days  0  0068 

2  years  0  0005 

4^  days  0  087 

20^  days  0  0212 

2\  hours  4-19 

26  liourif  0*405 

18  days  0*0234 

61  days  0*0071 

pt  in  glass  polarimeter 


(3)  The  third  alternative,  suggested  in  1809,  was  an  extension  to 
tlie  labile  forms  of  isomerism  of  the  theory  of  chemioal  change  which 
AnnstrODg  had  applied  to  the  observations  of  Dixon  and  Baker  in 
refefvnoe  to  the  pfopeities  of  dried  gases.  It  was  saggested  thati 
jnst  as  a  trace  of  moisture  is  neoessaiy,  not  only  for  the  combustion  of 
plioephonis  in  oxygen,  but  even  for  such  simple  changes  as  the  oolU' 
bination  of  hydrogen  chloride  with  ammonia  or  Uie  reverse  disBocisr 
tion  of  ammonium  chloride,  so,  also/ the  transference  of  a  mobile 
hydrogen  atom  could  only  be  effected  in  presence,  i^t  merely  of  a 
solvent,  but  also  of  a  catalyst.  The  experiments  now  recorded  afford 
the  strongest  possible  eonfirmation  of  this  view. 

Assuming,  ^en,  that  the  isomerio  change  is  caused  by  a  catalyst,  two 
alternative  theories  are  possible  in  reference  to  the  way  in  which  it 
acts. 

(1)  It  wa:i  coocoivable  that  the  essential  condition  was  the 
•*ionia,iiiou  '  or  "electrolytic  dissociation"  of  the  compound.  Thus, 
if  once  the  hydrogen  atom  wore  detached  from  the  molecule,  it  was 
pofN.-ible  that  the  remaining  radlicle,  being  endowed  with  a  tree  valency, 
might  be  able  lo  undergo  change  spontaneously.  In  this  way,  the 
action  of  alkaline  catalysts  and  the  increased  velocity  of  change  in 
ionising  solvents  could  be  explained,  although  the  catalytic  action  of 
acids  would  be  lees  easy  to  understand. 

(2)  It  was  possible  that  the  catalyst  might  combine  reversibly  with 
the  substance  undergoing  change,  for  example,  in  the  case  of  keto- 
MkoUe  isomerides  with  an  alkaline  catalyst 

•CH,  _^  -CH,  *CH 

VOL.  XCUL  K  ^ 
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Such  an  action  might  take  placo  in  preflenoe  of  any  subatanoe 
capable  of  being  resolved  into  a  hydrogen  atom  and  some  other 
radicle,  for  example,  water,  U*OH,  alcohol,  H*0£t^  acetic  acid,  H*A<^ 
mineral  acids,  such  as  H*G1|  ammonia,  H'NIIj,  or  a  base,  H*OE. 

In  comparing  these  two  explanations,  it  should  be  noted  that  ether 
belongs  to  the  class  of  ionising  solvents,  since  solutions  of  hydrogen 
chloride  in  this  liquid  possess  conducting  properties  which  have  been 
somewhat  fully  studied.  If  therefore  an  ionising  solvent  were  a 
sufficient  cause  of  isomeric  change,  it  should  be  impossible^  by  means 
of  oarbonyl  chloride  or  otherwise,  to  produce  any  anest  of  chai^  in 
this  solvent.  In  the  ligbt  of  the  experiments  now  recorded,  the 
former  explanation  appears  to  be  untenable. 

On  the  other  band,  the  hydi  ogeu  compounds  nnnmerated  above  are 
just  those  which  exert  a  powerful  oatidytie  action  on  the  isomeric 
change  of  dextrose,  nitrocamphor,  &e.  The  catalytic  action  of  acids, 
of  bases,  and  of  water  is  described  in  the  preceding  paper ;  in  the 
same  paper  are  also  shown  the  rapid  isomeric  changes  which  take 
place  in  alcohol  and  in  acetic  acid  as  compared  with  the  slow  changes 
in  other,  benzene,  chloroform,  from  which  a  hydrogen  atom  cannot  be 
separated  easily.  It  is  therefore  clear  that  the  experimontal  facts  at 
present  establishcMl  are  ducideJly  in  favour  of  the  associative,  rather 
than  the  dissociiilive,  theory  of  isomeric  change. 

It  will  be  remembered  that  the  prciicijco  of  water  alone  does  not 
appear  to  be  suOicient  to  condition  the  interaction  of  hydrogen  and 
oxygon ;  it  is  necessary  that  the  water  should  be  sufficiently  impure  to 
become  an  electrolyte.  Similar  considerations  probably  apply  to  the 
present  instance,  for  example,  the  effective  catalyst  is  probably,  not 
pui'e  water,  but  conducting  water,  not  pure  acetic  acid,  but  the  con- 
ducting acid,  and  so  forth.  Tlie  trace  of  impurity  required  to  impart 
conductivity  is,  however,  excessively  small,  and  under  most  conditions 
the  catalyst  will  carry  with  it  a  sullicient  quantity  to  fultil  this  con- 
dition, if,  indeed,  it  is  not  already  fulfilled,  owing  to  the  presence  in. 
the  liquid  of  the  two  substances  involved  in  the  isomeric  change. 

XI.  T^ory  qf  lBcnurie  Change:  laorropetit, 

Laai''s  theory  of  "  tautomerism  "  has  recently  been  revived  by  Baly 
in  a  special  case  under  the  name  of  isorropesis."  This  term  has 
been  introduced  in  order  to  describe  a  reversible  isomeric  change  in 
which  the  atoms  retain  their  relative  positions,  but  become  linked  by 
different  valencies.  The  examples  of  this  type  oF  isomerism  most 
frequently  postulated  are  those  of  benzene^  in  which  the  identity  of 
the  1 :2-  and  1 :  6  di-derivatives  has  been  explained  by  the  continuous 
travelling  round  the  ring  of  the  single  and  double  bonds : 
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H  H 

and  of  qoinone^  which  has  been  written  alternatively : 

O 

HC       CH  HC   O  CH 

•  ■ 

o 

A  simpler  eiample  is  afforded  by  camphorqainone : 

.c.H„<J:o  o.Hm<§!J 

The  occurrence  of  this  change  has  been  postulated  in  order  to 
acoouni  for  absorption  bands  in  the  spectra  of  certain  substances,  and, 
since  caaphorqiiinone  retains  its  coloar  in  the  solid  state,  it  appears 
to  be  implied  tbafe  isomeric  change  is  still  proceeding ;  the  properties 
assigiied  to  compounds  undergoing  ''isorropesas"  are  therefore  those 
of  "  taatomeric  "  snbstaaces  in  the  original  sense  of  the  word,  and  do 
net  correspond  in  any  way  with  the  experimentally  established  pro- 
perties of  dynamic  isomerides. 

Whether  it  will  be  possible  in  each  cases  as  these  to  revivify  Iiaar's 
discarded  theory  of  tantomerism  remains  to  be  seen,  but  it  is  at  least 
permissible  to  qnestion  whether  even  a  re-anangement  of  bonds  can 
be  effected  within  the  molecule  and  apart  from  the  presence  of  a 
catalystw 

Summary. 

(1)  The  active  agent  in  amsting  tho  isomeric  ehango  of  nitro* 
camphor  dissolveil  in  chloroform  is  carbonyl  chloride,  wiiioh  is  pro- 
duced by  oxidation  of  the  solvent  in  sunlight  or  in  presence  of  acids. 
The  earbcmyi  chloride  converts  ammonia  and  other  aminio  impurities 
into  neutral  carbamides,  and  so  destroys  their  catalytic  action. 

(S)  By  adding  small  quantities  of  carbonyl  chloride,  it  is  possible  to 
atrat  the  isomerio  change  in  other  solvents,  such  as  bensene  or  ether* 
Acetyl  chloride  may  be  used  to  arrest  the  change  in  benaene  or  in 
carbon  disulphide^  but  not  in  acetic  acid.  Phenylcarbimide  produoee 
no  retardation  in  bensene  solutions. 

(3)  The  view  is  advanoed  that  a  catalyst  is  necessary  in  all  cases  of 

K  2 
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isomeric  change.  ChangevS  of  the  keto-enolic  typ«  may  be  effected  by 
water,  alcohols,  acids,  auiines,  aud  bases.  These  substances,  which  are 
all  of  the  type  IIX,  probably  act  by  forming  additive  compounds  from 
which  the  catalyst  may  be  eliminated  in  two  ways. 

(4)  Solvents  from  which  a  hydrogen  atom  cannot  l>e  eliminated 
easily  are  not  able  to  initiate  isomeric  change,  even  though,  as  in  the 
case  of  ether,  they  ooay  possess  ionising  properties. 

The  expenses  inenrred  during  the  investigations  described  in  this 
and  in  the  proocding  paper  were,  in  part^  defrayed  by  grants  from  the 
Research  Fund  of  the  Society  and  from  the  British  Association  ;  we 
desire  in  each  case  to  express  our  indebtedness  for  the  help  thus 
afforded.  We  are  also  indebted  to  Prof.  Armstrong  for  valuable 
criticisms^  and  to  Mr.  W.  P.  Paddison  for  assistance  in  the  expert* 
mental  work. 

WlCiiTMlMbiEU  TUAIMNU  CoLLKGK, 
LOMDOK,  S.W. 


XIV. — Tlie  Effect  of  Heat  on  the  Alhyl  Iodides. 

By  Zblda  Kaham,  B.Sc. 

SoKB  years  ago,  Dr.  Travers,  wishing  to  prepare  butane,  employed  for 

this  purpose  the  well  known  method  of  heating  together  ethyl  iodide 
and  zinc.  He  found,  however,  that,  instead  of  obtaining  pure  butane, 
a  liiiAiuie  ot  gases  was  formed,  the  chief  constituent  of  which  was 
ethane.  To  investigate  the  cause  of  this,  a  few  preliminary  experi- 
ments were  performed,  but  the  work  was  abandoned  owing  to  lack  of 
time.  The  investigation  of  the  influence  of  heat  on  the  alkyl  iodides 
is  so  much  tlie  more  important  in  view  of  the  interesting  experiments 
performed  by  Nef,  and  the  theory  of  the  bivalent  carbon  atom  based 
upon  them.  If  it  could  be  proved  that  in  the  state  of  vapour  the 
alkyl  iodides  are  dissociated,  it  would  at  least  be  strong  evidence  of 
their  being  in  a  similar  state  in  solution.  Ah  a  result  of  a  large 
number  of  experiments  {Annalen,  1892,  270,  267  ;  1897,  297,  202; 
1899,  309,  126;  1901,318,  1),  Nef  has  arrived  at  the  conolusioQ 
that  all  chemical  actions,  whether  of  addition  or  substitution,  are  to 
be  explained  by  an  application,  in  each  case^  of  the  principle  of  dis- 
sociation. As  regards  the  alkyl  halides,  Nef  assnmeB  that  the  first 
stage  in  their  reaction  in  solution,  whatever  the  other  reacting  sallH 
stance  may  be,  is  a  dissociation  into  an  alkylidene  or  methylene  deriv- 
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Atife  ftiid  the  halogen  add;  tbns  a  compouDd  of  the  type 

wonld  yield  B^  +  (X  + Y),  these  two  active  residues  then  react  with 
the  active  residues  of  the  other  substance  (produced  in  a  similar 
manner),  yielding  the  obeerved  products  of  the  reaction.  Without 
discosaing  the  large  number  of  interesting  experiments  performed  by 
Nef  in  proof  of  his  theory,  it  nmy  be  mentioned  that  much  of  the 
earlier  work  on  the  snbje^  is  either  directly  in  favour  of  this  theory, 
or  at  least  of  the  dissociation  of  the  alkyl  halide  into  define  and 
halogen  acid.  Thus  all  the  facts  observed  by  Frankland  in  his 
eadiaustive  study  of  the  alkjrl  iodides  can  be  explained  Very  simply 
on  the  hypothesis  of  their  dissociation,  whereas  any  other  explanation 
is  wholly  inadequate  to  elucidate  all  the  observed  facts.  Among  the 
most  instructive  of  his  experiments  are  those  of  the  reaction  of  sine 
with  ethyl  iodide  in  presence  of  water,  alcohol,  and  ether.  With 
water,  the  only  gas  evolved  was  ethane,  the  large  number  of  hydrogen 

aiomsnatnrally  reducing  the  alkylidene,  thus :  MeCH^  +      ^  MeOH,, 

also  MeCH<  +  H-OH->EtOH(  +  MeCH<)  — >  Et-O-Et,  ether,  also, 
being  a  product  of  the  reaction.  As  is  to  be  expected,  llio  products 
of  the  reaction  are  the  same  with  alcohol,  but  with  ether,  ethylene 
and  butane  are  also  formed.  That  this  explanation  is  probably  the 
true  one  further  confirmed  by  the  work  of  Niederist  {Joum.  Chem. 
Soe.,  1877,  ii,  422);  Butleroff  {Compt.  rend.,  1861,  53,  247); 
Boekeisen  and  Wanklyn  (Joum.  Chem.  Sac,  1861,  13,  140);  Erlen- 
meyer  (Aim,  Pk^,  Ckmn.,  1866,  139,  228) ;  Aronstein  {Ber.,  1881, 
14,  607 ;  1880,  13,  489),  and  many  others. 

The  most  interesting  case  of  all  is  perhaps  the  production  of  ethers 
and  olefines  when  the  alkyl  halides  react  with  potassium  or  sodium 
ethoxides,  or  with  silver  nitrate  in  alcoholic  solution,  and  in  this  con- 
nexion it  might  be  mentioned  that  the  criticism  passed  on  this  theory 
by  Burke  and  Donnan  (Trans.,  1904,  85,  561)  on  account  of  Brussof's 
results  {ZeiUdi.  physikal.  Cheia.y  1900,  34,  12'J)  is  uot  really  valid. 
I)rur>3of  measured  the  total  amount  of  olefine  obtained  from  the  various 
alkyl  iodides  under  similar  conditions,  and  found  that  wopropyl  iodide 
gave  very  nearly  the  same  (luantity  of  olefine  as  tsobutyl  iodide.  From 
this,  it  would  appear  that  tlie  amount  of  alkylene  dissociation  was 
practically  the  same  for  i^opropyl  as  for  wobutyl  iodide,  whereas, 
according  to  Burke  and  Donnan's  experiments,  the  velocity  of  reaction 
for  isopropyl  iodide  and  silver  nitrate  in  alcoholic  <^o1ution  i^  at  least 
one  hundred  and  forty  times  as  great  as  that  for  t«obutyl  iodide. 

Xow,  although  it  is  true  that  hydrogen  iodide  obtained  from  either 
kind  of  dissociation  is  equally  efficient  for  reacting  with  silver  nitrate, 
the  amonitt  of  olefine  obtained  is  not  necessarily  a  measure  of  the 
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velocity  of  diasooiAtioii ;  at  most,  it  only  shows  how  readily  Um 
butytidene  or  propylidene  pmes  into  the  correspondiog  olefine^  thus : 

A.  CjHjI       CH3-CH<       CHj-OHj  -V  CHj;UHj. 

B.  (OH,),OHI  -V  (CH,),C<  J>  CHj  CH-CH,  -4-  CH,-OH:CHy 

C.  (0H,),CH*0H:,1  -V  (0H,),OH-OH< 

(CH,),C-CIIj  A-  (CHj),0:CH^ 

and  what  Brussof's  experiments  show  at  most  is,  that  in  A  the  changes 
(2)  and  (3)  aro  less  rapid  than  in  B  and  C,  whilst  the  two  latter  may 
be  approximately  equal.  This  result  is  in  complete  agreement  with 
NePs  own  results  {Annalen,  1901,  318,  1).  The  initial  dissociation 
or  its  velocity  may  be  far  more  in  one  case  than  another,  with  con- 
sequent production  of  much  acid,  but  if  less  oleBno  is  formed,  then  there 
is  more  alkyleno  availablo  for  the  production  of  polymerides  or 
addition  products.  As  a  mattui*  of  fact,  Brussof  himself  found  that 
the  amount  of  ether  formed  is  the  greater  the  less  the  olotino  evolved. 
ItseomS  more  difficult,  however,  to  account  for  the  faot  that,  whereas  in 
the  reaction  of  i5obutyl  iodide  with  alcoholic  potash  Nef  obtained 
only  i^obutylene  but  no  isobutyl  ethyl  ether,  iu  the  reaction  with 
silver  nitrate  the  ether  is  produced  besides  butylene.  May  this  fact, 
however,  not  depend  on  the  relative  stability  of  the  butyl  ethyl  ether 
in  alkaline  and  acid  solution  ]  The  function  of  the  sodium  hydroxido, 
as  of  the  silver  nitrate,  is,  indeed,  to  remove  the  hydrogen  iodide^  but 
in  the  case  of  sodium  hydroxide  the  reacting  mixture  is  throughout 
an  alkaline  one,  and  ii  the  ether  is  unstable  in  alkaKne  solution 

it   would   at    once    break    up,  thus  :  MejOH*CII<^,Q  — >• 

MegOH*OH^-l-O^H5*OH;  there  would  thus  be  a  large  number  of 
alkylidene  residues  which  would  be  favourable  to  the  formation  of 
tfobutylene.  Silver  nitrate,  however,  produces  the  free  add,  and  this 
may  be  favourable  to  the  formation  of  the  ether. 

ExPBBIMBirTAlM 

Aciioih  Cjj  Heat  on  Ethyl  Iodide. 

From  the  foregoing  and  other  work  that  might  be  cited,  it  will  be 
seen  that  a  good  deal  of  the  experimental  evidence  is  either  in  favour 
of  or  not  against  the  theory  that  the  first  stage  in  the  reaction  of  the 
alkyl  iodides  is  their  dissodatiom  into  halogen  acid  and  alkylidene  or 
alkylene,  and  the  object  of  the  experiments  described  in  this  paper 
was  to  throw  further  light  on  the  subject  by  a  more  detailed  study  of 
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the  behaviour  of  tbo  alkyl  iodideB  under  the  influenoe  of  heat,  The 
iodides  were  generally  allowed  (o  stand  oyw  silver  oxide  before  re- 
dtttillatioii  over  phosphorte  oxide.  troPropjl  iodide  seemed  to  decom- 
pose when  distilted  over  the  latter,  and  had  therefore  to  be  dried  with 
calcium  chloride ;  it  could,  also,  never  be  obtained  colourless,  unless 
first  decolorised  completely  with  silver  oxide.  The  vapour  density  of 
ethyl  iodide  was  first  detormined  by  Victor  Meyer's  method,  with  tko 
following  robults,  which  must  be  regarded  as  qualitative  only  : 


Temp.  Density. 

h    Water   lOOT  78-« 

IL  Aniliiie...   180  78'9\9a4 

78-6  r*^ 

III.  Dimethylaniline    102  ^^'^\7«7 

IV.  Ethyl  b«DMftte   210  72*5^ 

73-  9 

78-6  78*8 

74-  8 
72-1 ) 

V.    Bromooaphthalene    880  62*8 


61  -2  l^^  r*'"'ls  on 


60-8 

VL    Diphenylamioe   310  ^7.5 

Ttmpemtoxe  obsemd     806  '  ^ 


timo. 


OUeolatiDg  the  percentage  dissociation  by  means  of  the  fomnla : 
.  -  122^:^  we  iiad : 

Jemp.  Extent  of  dissooiatiou  =  a, 

100*  — 

180  — 

183  11 

SIO  6*4 

280  25-1  (density  =  62 -3) 

8M  86-4  (dennt73B67'6) 

The  increase  of  dissociation  seems  to  be  fairly  regular  between 
192 — 280°,  but  at  280'^,  when  there  is  no  longer  a  sharp  end  point  to 
the  displaoemeiit  of  air,  there  is  evidently  some  secondary  reactiooi 
probably  the  dissociation  of  hydrogen  iodide  or,  possibly,  of  CjH^  into 
C,Q^  +  H.  Against  the  latter,  it  must  be  said  Uiat  if  C^Hg  were 
indeed  forssed,  it  should  polymerise  partly  into  butane,  when  the 
contraction  in  volume  should  at  least  counterbalance  the  e£Pect  of 
the  iissonintinn  On  the  other  hand,  on  shaking  ont  the  tube  with  a 
little  water,  no  aoid  feaotioii  was  obtained.  At  280—305°,  iodine  was 
lomed  in  tlie  tobs^  ft  tnoe  was  Mso  found  at  310°,  whilst  below  th%t 
iMme  was  podneed. 
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Ethyl  Iodide  Heai$d  alone  in  SeaUd  TtUm  i 


Time  of 

AmouDt  removed 

J 

1  i  t  ti  L  n  I  !^ . 

A  tSIII 

of  KOH. 

Ethylene. 

Ethane. 

I. 

5  hours 

270" 

0  06 

0 

100 

ir. 

7 

254 

0-10 

4*6 

05-4 

IIL 

3  „ 

270 

0-08 

0 

lOO 

IV. 

264 

1-47 

25-5 

740 

V. 

210 

Amoimt  of  gas  too  small  for  analysifl. 

These  results,  as  well  as  nearly  all  those  given  in  this  paper,  are  but 
typical  instances  of  a  large  number  of  similar  experiments. 

J3.  A  Large  quantity  of  gas  was  next  prepared  by  heating  several  tubes 
to  270°  for  three  to  five  hours,  and  fractionated  by  means  of  li(|uid  air 
and  also  liquid  air  and  alcohol,  the  gas  being  passed  previously  through 
potassium  hydroxide ;  the  fractions  were  then  analysed  sepsaately. 
The  only  product  of  the  reactiou  was  ethane,  together  with  about 
0*3  per  cent,  of  hydrogen  and  about  0  5  per  cent,  of  butaoe. 

C.  In  these  experimentvS,  the  tube  was  heated  to  about  255"^  for  two 
hours  in  the  Hrst  heating,  and  to  about  270°  in  each  of  the  subsequent 
heatings,  the  excess  of  gas  being  removed  after  each  heating  : 


let  Heating.  2nd  Heating.  8rd  Heatintg. 

Ethylene    357peroent  2   percent.  0  per  cent 

Ethane    64-3     ,»  90*8     „  87  „ 

Butane                    —  7*0  trace 

Hydrogen              —  —  12  „ 

]Mr  thane                —  —  tmcr 

Air                       —  trace  trace 


2>.  In  this  series,  an  attempt  was  made  to  collect  the  gases  while 
still  hot.  This  was  done  in  order  to  prevent  the  prolonged  reaetion  of 
the  constituents  while  the  tube  was  cooling;  it  was  also  hoped  to 
separate,  at  least  partly,  the  hydrogen  iodide,  if  any  were  formed,  or 
else  the  iodine  from  the  hydrogen  if  it  had  decomposed,  and  to  prevent 
the  re-association  of  the  first  products  of  the  reaction.  Moreover,  the 
experiments  could  be  conducted  at  lower  temperatures,  and  without 
allowing  air  to  enter  the  reaction  tube  at  any  stage  of  the  reaction. 
The  following  apparatus  was  constructed  specially  for  this  purpose. 

The  tube,  A,  was  of  the  usual  kind,  and  was  drawn  out  to  a  capillary 
at  c,  and  bent  as  shown,  so  that,  when  tlie  desired  (|uantity  of  iodide 
had  Ijeon  introduced  through  o,  it  could  bo  sealed  off  at  C.  The 
capillary  tap  and  tube,  T,  was  fuse<i  on  to  /I,  £  and  F  being  only  two  - 
pieces  of  ordinary  glass  tubing  joined  by  a  capillary,  P.  The  other 
side  of  7*  was  joined  to  a  capillary  tube  leading  to  the  arrangement 
shown,  S  being  lilled  previously  with  asbestos,  and  A'  with  an  easily 
fusible  metal.  The  air  was  driven  out  of  A  through  T  by  boiling  the 
ethyl  iodide  in  it.  ^was  then  shut,  and  the  metal  in  JS  gently  heated 
and  allowed  to  run  into  P,  F  served  to  retain  any  metal  that  might 
escape  solidification  in  P,   This  constituted  an  effective  dosing  of  the 
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tube  A,  This  device  bad  to  be  adopted  becanae  repeated  ezperimente 
showed  tbat  the  taps  would  not  withstand  the  piessote  of  the  hot 
vapours  and  gases  prodooed  in  A,  Ifierenry  or  water  was  next 
introdaoed  through  the  open  end  ol  tube  y  ioT^hj  suction  at  T*, 
the  latter  was  then  joined  to  the  pump,  and  the  space  2'to  evacuated. 
When  A  had  been  heated  to  the  required  temperature^  the  tap,  T,  was 
opened  and  P  heated  gently,  T"*-  being  opened  dmultaneouBly ;  the 
gases  from  A  at  once  forced  their  way  through,  and  were  collected  at 
y.  As  soon  as  the  excess  of  jjas  had  been  evolved,  JS  was  heated  to 
seal  off  the  tube,  which  was  then  re-heated.  As  grease  is  diissolved 
by  t  thyl  iodide,  phosphoric  oxide  was  used  as  a  lul)ricant  for  the  taps, 
but  although  the  apparatus  worked  succeysfully  enough,  the  appearance 
of ^ the  taps  showed  that  they  were  not  air-tight ;  probably  a  better 
result  would  be  obtained  by  employing  taps  working  in  mercury  cups, 
this  was  not  attempted  in  this  aeries  of  experiments.   As,  however, 


the  air  could  not  have  entered  the  tube.  A,  it  may  be  of  interest  to  give 
the  results  of  one  complete  experiment.  The  thermometer  in  the 
furnace  indicated  230°,  but  from  the  long  time  taken  to  reach  this  point, 
and  from  the  appearance  of  the  tube,  the  temperature  must  have  been 
considerably  higher : 

Ist  Heating,  2nd  Heatiog,  3rd  Heatiog, 

230'  (1).  230'.  260'. 

Ethylene  12   pereent         6*9  per  cent         0   par  cent. 

Kxplodon  leaaltt  after  nmoval  of  ethylene. 

Gee   7*49*peroent  4*71  pereent  2*3' [a  cent 

Conttaetion    9-82     „  7*71     „  5-06  „ 

CO,   7-41  5-87     „  3-51  „ 

Ratio  contraction/COg  1-33     „  1'31     „  1-44  ,, 

It  was  evident  that  the  ^'a^  contained  air,  and  this  was  further 
confirmed  by  burning  the  residual  oxygen  after  the  removal  of  carbon 
dioiide  with  fdxisphoniSy  when  some  nitrogen  always  remained  behind, 
bat  the  resolts  show  clearly  that,  more  ethylene  is  obtained  at  first 
than  on  snbseqnent  heatings,  and  that  only  small  qaan  titles  of  hydjrogen 
are  produced.    In  the  next  period,  the  ethylene  has  been  reduced  and 
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less  of  il  is  obtained,  whilst  after  the  third  heating  only  ethane  and 
hydrogen  are  produced.  The  tubes,  when  heated  to  250^  for  about  mx 
hours,  or  to  270^  for  a  short  time,  contained  a  considerable  amount  of 
carbon.  Ko  carbon  was  produced  in  tubes  heated  to  less  than  260P  or 
to  that  temperature  for  about  one  to  four  hours. 

Although,  from  the  above  experiments,  it  is  to  be  oondudedTthat 
hydrogen  iodide  is  one  of  the  products  of  the  reaction,  it  was  scaroely 
ever  directly  shown  to  be  present ;  the  water  through  which  the  gases 
were  led  never  giving  a  decidedly  acid  reaction*  TIaking  advantage  of 
the  fact  mentioned  by  MendelAsff  ("Principles  of  Chemifitry  that 
silver  chloride  is  very  slowly  decomposed  by  hydrogen  iodide  at  180^, 
it  was  determined  to  try  the  action  of  it  on  ethyl  iodide.  If  hydrogen 
iodide  is  indeed  produced,  it  should  act  on  the  silver  chloride,  forming 
hy«lro^en  chloride,  which,  since  it  does  not  readily  act  on  ethylono  and 
should  not  (Ucompose  at  the  temperature,  would  appear  as  an  end 
product.  This  expectation  was  realised.  A  tube  containing  dry  silver 
chloride  and  ethyl  iodide  was  heated  to  250^  for  three  hours.  There 
was  considerable  pressure  on  opening  the  tube,  and  the  water  through 
which  Fome  of  the  gas  was  passed  had  a  distinctly  acid  reaction,  gave 
an  almost  white  precipitate  with  silver  nitrate,  and  with  potassium 
diohromate  and  sulphuric  arid  gave  the  characteristic  chromyl  chloride 
reaction.  The  gas  itself  before  being  passed  through  water  fumed 
slightly  in  air,  and  burned  with  a  pale  green  dame ;  after  removal 
of  hydrogen  chloride,  the  gas  consisted  of  27  per  cent,  of  ethylene, 
70  per  cent,  of  ethane^  and  2*6  per  cent,  of  hydrogen.  The  experiment 
was  repei^ted  several  times  with  exactly  similar  results. 

Aeiion  of  Zinc  on  Ethyl  loditU : 


Kind  of 

Wt.  of 

Wt.  of 

Ethylene, 

Butane, 

Ethane,  Uydrocei 

Znin 

C,!!,  in 

Time  and 

per 

PW- 

per 

per 

ziuc  tiaad. 

gnuns. 

grams. 

temp. 

cent 

cent. 

cent. 

cent. 

6 

8 

100-160' 

20 

10*4 

69*8 

0 

44  hours 
100— ISO* 

3.\  hours 

2 

S 

26'4 

8-6 

70 

0 

Fowdored... 

2 

6 

105—160" 
3i  hours 

24-8 

20-8 

64-4 

0 

2 

6 

270' 
Sh  hoon 

0 

0 

98 

8 

6 

2 

270' 

3-2 

82-3 

04-3 

0 

It  is  seen  that,  although  the  sine  was  always  in  ezoess  of  that 
theoretically  necessary  for  complete  double  decomposition  into  butane 
and  zinc  iodide,  yet  the  greater  the  proportion  of  sine  employed  the 
greater  the  amount  of  butane  obtained.  It  Is  difficult  to  ezplsin  such 
a  result  on  the  hypothesis  of  a  primary  dissociation  into  It  and  HX ; 
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two  explanations  may,  however,  be  given:  (1)  tliat,  in  additfon  to 
alkylidene  or  alkylene  dtssootation,  the  Iodide  is  also  dissociated  to  a 

very  slight  extent  into  CoH^  +  1.  A  large  excess  of  zinc  removes  the 
iodine  as  quickly  a.s  formed,  leaving  u  larger  number  of  othvl  groups, 
which  polymerijie  and  form  butane.  (2)  The  dissociation  is  wholly 
into  R  +  UI,  but  zinc  in  the  active  state  also  exists  to  a  small  extent 

as  ^Za^  the  dotted  linee  indicating  the  residual  affinity  of  the  sine 

atom.   The  greater  the  amount  of  zinc  ased  the  larger  the  number  of 

active  atoms  of  >Zn<  present.    Then  >Zn<+ 20Hs-CH<  — > 

^^^"^^H*^^       K^^'^^^^^^'OT*'  iodide  being  a  more 

stable  compound  than  zinc  ethyl,  j^^^'N^^.q^^  — ^  Znl^  +  ^4^10* 

The  assumption  that  sine  can  also  exist  as  a  quadrivalent  elementi 
eertainlj  seems  to  be  rather  an  improbable  one,  since  the  metals  of  the 
aame  and  neighbonring  groups  of  the  periodic  system,  if  they  are  ever 
anything  bat  bivalent,  are  usually  univalent ;  the  anggestion  is  only 
made  here,  because  it  gives  perhaps  the  most  probable  explanation  of 
the  behaviour  of  the  propyl  iodides.  Ou  the  other  hand,  there  is 
nothiDg  inherently  impossible  in  the  assumption.  Wo  know  that  in 
the  case  of  many  elements,  the  valencies  are  not  fixed  and  unalterable. 
Such  a  stable  bivalent  element  as  oxygen,  for  example,  has  been  shown 
to  bo  quadrivalent  under  certain  conditions.  Again,  the  phoaomena 
of  louble  salt  formation  and  of  water,  alcohol,  or  ammonia  of 
crv^tallisation  would  hnd  an  easy  explanation  by  assuming  the 
presence  of  ordinarily  latent  residual  affinities  in  the  elements.  It  is 
thus  conceivable  that  sine,  just  like  tin,  oxygen,  or  other  elements,  can 
act  sometimes  as  though  it  were  quadrivalent  (compare  also  Aboggi 
ZgiUch,  anorg,  Ch$m,,  1904,  39,  330;  Marozoff,  /.  Buss.  Pht/8.  Chm, 
SoCf  1906,  38,  480).  A  mixtare  of  the  gases  obtained  as  above  was 
also  fractionated  by  means  of  liquid  air,  and,  in  addition  to  the  gases 
already  mentioned»  1 — 1*6  per  oentb  of  hydrogen  and,  possibly, 
0*5 — 1  per  cent,  of  methane  were  also  detected. 

Aetion  0/  Sodium  on  Eiht/l  lodido. 

One  gram  of  sodium  in  small  pieces  was  heated  with  about  3  grams 
of  ethyl  iodide  at  130 — 150°  for  three  to  four  hours.    The  gas  was 
ftactionated  and  analysed,  and  the  percentage  composition  was  approxi- 
mately 40  of  ethylene^  46  of  ethane^  16  of  butane,  0*5 — 1  of  hydrogen* 
sod  of  methania. 
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AeHon  of  Btai  on  MeUiyl  Iodide, 

Tnhos  charfrc«l  with  inpthvl  iodide,  when  hoatod  to  265°  for  thrpe 
hours,  were  found  to  contain  no  gas  hut,  whon  ho  ited  to  270°  for  six 
houra  about  10  c.c.  were  obtained,  which  consisted  of  ethylene  and 
methane,  the  former  varying  between  3  and  12  per  cent,  in  the 
different  tubes.    Hydrogen  iodide  was  not  detected. 

Meth^  Iodide  and  Silwr  Chloride.— The  tubes  were  heated  to  275°  for 
five  hours;  when  collected  over  water,  four-fifths  of  the  resulting  gas  was 
dissolved,  the  rest  consisting  of  methane  with  2  per  cent,  of  ethylene. 
A  large  quantity  of  gas  was  prepared,  and  collected  over  mercury. 
Some  of  it  was  passed  through  a  little  water,  which  afterwards  gave  a 
distinetly  acid  reaction  and  an  almost  white  precipitate  with  silver 
nitrate.  Fourteen  per  cent,  of  the  gas  was  ahsorbed  by  potassium 
hydroxide,  the  rest  on  fractionation  was  found  to  consist  of  nearly 
25  per  cent  of  methane,  about  74  per  cent,  of  methyl  chloride,  mixed 
with  a  little  methyl  iodide  vapour,  and  possibly  about  2  per  cent,  of 
ethylene  and  0  5  per  cent,  of  hydrogen.  When  the  methyl  chlorido 
was  exploded  with  oxygen,  a  thick  incrustation  of  mercuric  chloride 
and  a  little  iodide  wa.^  formed  on  the  sides  of  the  burette.  When  the 
mercury  was  raised  so  that  it  reached  this  incrustation,  a  pungent  gas 
with  an  acid  reaction  was  given  ofF.  After  this  operation  had  been 
repeated  two  or  three  times,  no  more  gas  was  evolved.  Methyl  chloride 
could  have  been  formed  either  according  to : 

(1)  CHjT  +  AgCa-Agl  +  CHaClor 

(2)  CH3l-^CH,<  +  HI;  HI  +  AgCl  =  Agl  +  ^  (jJl 

CH,<+^  <j;l-CH,<^jand  CH,<  +  2H  =  0H4 

and  0H5< + CH5<  -  C^B^. 

Action  (1)  is  evidently  inadequate  to  explain  tho  production  of 
methane  or  ethylene ;  tho  temperature  was  too  low  for  a  total  des- 
truction of  methyl  iodide,  and,  oven  if  this  were  decomposed  according 
to  CH3T  — >-  CHg  +  I,  no  methane  could  be  produced  unless  the 
reaction  CH.  — ^  CTT.,  4-  H  took  place,  also  some  ethane  should  have 
been  formed.  If  (2)  is  the  actual  course  of  the  reaction,  then  it 
shows:  (1)  that  methylene  combines  with  hydrogen  chloride  more 
easily  than  ethylene.  (2)  That  methylene  unites  with  other  substances 
more  readily  than  it  polymerises,  for  very  little  cH  }  lone  is  produced. 
(3)  That  methylene  combines  with  hydrogen  chloride  as  readily  as,  if 
not  more  so  than,  with  hydrogen  iodide.  In  view  of  the  behaviour  of 
ethylene,  this  seems  more  unUkely ;  however,  it  is  quite  possible  that 
methylene,  as  the  first  member  of  the  series,  presents  many  striking 
differences  from  the  other  members. 
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Methyl  IMdi  and  B&nmm  PercxitU, — In  order  to  see  whether  the 
hydrogea  iodide  might  he  oxidised,  thus  leaving  the  methylene  to 
rernAin  tree  or  to  polymerise,  the  action  of  harium  peroxide  was  tried. 
The  result,  howeveri  was  quite  contrary  to  what  had  heen  expected  at 

first.  A  tube,  containing  methyl  iodide  and  dry  barium  peroxide,  was 
}ieal<'J  to  about  250^,  the  resulting  gas  fractionated  with  liquid  air, 
and  analysed.  The  percentage  composition  was  50  of  methane,  18  of 
carVxjn  dioxide,  14  of  carbon  monoxide,  6*5  of  hydrogen,  5*5  of  an 
unsaturated  hydrocarbon,  prolxibly  ethylene,  and  6  (by  difference)  of 
a  higher  saturated  hydrocarbon,  possibly  ethane.  Although  not 
fixlfiUing  the  purpose  for  which  the  experiment  was  started,  the 
reanlts  are  still  interesting,  for  the  question  arises  as  to  what  gave 
rise  to  carbon  mono-  and  di-oxides.  Methane  is  excluded,  for  it 
only  commences  to  unite  with  oxygen  at  300^,  and  then  only  slowly 
if  kept  at  that  temperature  for  a  week  or  so  (Bone  and  Wheeleri 
Trans.,  1902,  81,  535).  >  It  is  also  veiy  nnlikely  that  either  ethylene 
or  ethane  should  be  the  cause  (Trans.,  1904,  85,  693,  1637).  If, 
however,  we  assume  the  primary  production  of  methylene  and 
hydrogen  iodide,  all  difficulty  disappears,  thus  we  have : 

I  H 

HI  I      I  HI        I  ! 

Ba:0:0  — ^  BttlU-O  iialO  U  — >  Ba-0-0  — ^  Ba-U  O  — >. 

II  11  I   i  II' 

1  H  I  U  I  U 

Balg+HsOj  — >-  H,0+0= 

CH,< +0=  -o:o<]^     CO + H, 

I 

:c<Jij     oc<^g  — >  CO  4- 11,0 

i  20= 

i>C<  ->CX),+H,0, 
U        OH  >  » 

also  >CIJ,+H,-CH^  and  >CK,+>CHj=CoH^       CjE^ ;  the  last 

two  processes  taking  place  very  slowly.  This  agrees  with  tlui  property 
already  attributed  to  methylene  of  cnnibining  with  other  sub&tauces 
more  readily  than  of  polymerising.  Wo  should  in  any  case  expect 
methylene  to  l>e  oxidised  and  reduced  very  rapidly. 

Methyl  Iodide  and  Zinc, — ^Xhe  results  are  shown  iu  the  following 
laUe: 

2ioe,      CBal,         Time  and  tcm-       Xthylene,    Bthuie,  MafliiiM, 
is  gnmi.  In  grsns.    perature  of  heating*    par  etnt.     per  cent.     per  cent. 
2  5  8  hour*  to  ISO'  5*5  14  3  80 

6-6  3  „         „  Of.  SHU  66 -5 

2  5,.  275*  1-2  0  98-100 
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On  fractionation  of  a  mixture  of  these  gases,  abont  0*5  per  cent,  of 

hydrogen  was  also  detected.  Thus  the  results  are  very  analogous  to 
those  furnislioil  by  ethyl  iodide,  and  the  reason  for  obtaining  a  larger 
proportion  of  ethane  when  a  huge  txcess  of  zinc  is  used  would  be  tho 
same  as  that  for  obtaining  butane  from  ethyl  iodide  in  similar  circum- 
stances. On  the  oilier  hand,  the  production  of  methane  at  such  low 
temperatures  can  only  be  expl  ained  by  assuming  the  formation  of 
]>Cll2,  and  its  reduction  by  the  hydrogen  iodide.  Tho  comparative 
stability  of  methyl  iodide,  uud  the  fact  that  it  is  easier  to  estimate 
methoxy-  than  ethoxy-groups  by  Zeisel's  method  (Decker,  Ber.^  1903, 
36,  2895;  Perkin,  Trans.,  ]90;3,  83,  1367),  find  an  explanation  in 
the  readiness  with  which  methylene  unites  with  other  elements. 
This  view  is  furtlier  supported  by  the  experiments  of  Moureu  and 
Valeur  on  the  reaction  of  sparteine  with  methyl  and  ethyl  iodides 
with  and  without  the  corresponding  alcohols  as  solvents  (Conipt.  rejid., 
1905,  141,  49),  and  by  those  of  Chablay  with  methyl  chloride  and 
sodamide  (Caaqa.  rmd.,  1905,  140,  1262). 

Exijeri  hie  Ilia  with  lite  Propi/l  Iodides. 

Both  alone  and  with  metals  these  decompose  much  more  readily 
than  ethyl  iodide.  Some  of  the  gas  evidently  condenses  in  the 
reaction  tubes,  an,  wlien  they  were  opened,  a  portion  of  the  rematniDg 
liquid  very  soon  boiled  away.  The  mercury  in  the  gM  holder  was 
attacked  almost  as  soon  as  the  gas  entered  ;  on  this  acoount,  the  gases 
were  usually  collected  over  water.  When  a  little  mercury  was  boiled 
with  some  of  the  uo-  or  normal  iodide,  it  was  not  attacked  even  after 
some  time.  The  gas  obtained  by  heating  either  of  the  iodides  alone 
fumed  in  air,  a  property  which  it  lost  after  standing  over  mercury 
for  some  time,  or  directly  it  was  passed  through  water,  the  latter 
in  this  case  giving  a  distinctly  acid  reaction.  The  gas  also  had  a 
pungent  odour,  and  burned  with  a  pale,  peach-coloured,  then  luminoos 
flame.  Evidently  hydrogen  iodide  was  contained  in  it,  bnt  the  quantity 
absorbed  by  water  or  potassium  hydroxide  was  very  small.  Host  of 
it  was  soluble  in  aleohoL 

iaoProp^  lodida. — ^When  heated  alone  for  two  and  a-half  hours  to 
250°,  the  pressure  was  so  great  that,  in  many  cases,  the  rubber  tube 
eonneotittg  the  reaction  tube  to  the  gas  holder  burst  with  a  loud 
report.  The  gas  was  fractionated  after  removal  of  hydrogen  iodide, 
the  uncondensable  portion  consisted  of  1 — 1-5  per  cent,  of  hydrogen  ; 
the  rest  contained  no  unsatui*atod  gas,  and  consisted  of  pure  propane, 
the  explosion  rciiultB  being  : 

3  GG  gas  gave  :  CgHg  requires: 

Contraction,      10-90    10-«3 

Carbon  dioxide,  10-85    10-83 

Oxygen  used,    1814    18  05 
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Tubes  heated  to  175*^  from  three  to  aiz  hoars  gave  similar  reanlta, 
tlie  hydrogen  being  0*5—1  per  eent.  In  one  experiment  there 
■earned  to  be  the  poapibtUty  of  an  admixture  of  a  minnte  quantity  of 
a  hi^ier  hydrocarbon, 

aao/Nn^/odfcb  vM  Zvm  oI  110^.— The  gas  did  not  fume,  and  m 
eoluble  In  alcohol,  but  not  in  water  or  potasdum  hydroxide ;  it  had  no 
acid  reaction.  It  was  found  to  consiat  of  35  per  cent,  of  propylene,  5  per 
centw  of  hydrogen,  and  nearly  60  per  oent.  of  propane. 

With  5M»imi.— Sehorlemmer  {Proe,  Itoy.\Soc.,  1867, 15, 34}  remarke 
that  t#opropyl  iodide  does  not  react  with  sodium  even  at  its  boiling 
poiut.  IlLs  experimental  conditions  were  different  from  those  obtain- 
ing here,  for  in  a  sealed  tube  at  110^  the  reaction  with  sodium  uas 
found  to  be  no  less  marked  than  with  zinc,  the  gases  foraiud  eon:5isting 
of  53  per  cent,  of  propylene,  2  per  cent,  of  hydrogen,  and  the  rest  was 
pure  propane. 

n-Propi/l  Iodide  Heated  alone  to  175°. — The  gas  formed  consisted  of 
pure  propane,  mixed  with  0*3  per  cent,  of^  hydrogen  and,  possibly  less 
than  1  per  cent,  of  unsaturated  hydrocarbon. 

n-Pfiip^  Iodide  ufUh  Zinc  <U  200°. — ^The  gas  consisted  of  5  per  cent, 
of  hydrogen,  45  per  cent  of  propane,  and  50  per  cent,  of  propylene* 

With  Sodium.— 110°  very  little  gas  was  formed,  although,  when 
the  tube  containing  the  sodium  and  (the  iodide  had  been  sealed  o£E 
after  boiling  out  the  air,  the  liquid  disappeared  in  about  half  an  hour, 
wheceaa  in  the  case  of  the  twiodide  the  liquid  remained  for  aeveral 
daya  withcmt  any  ehauge.  At  210^,  rather  more  gas  was  produced, 
hot  there  was  no  yery  great  pressure;  after  removing  the  excess 
of  gas,  the  tube  was  again  heated,  but  no  further  pressure  of  gas  was 
oburved.  The  gas  obtained  at  210^  consisted  of  46  per  oent.  of 
propylene^  48  per  cent,  of  propane,  and  5*7  per  cent,  of  hydrogen. 

"iUakj  attempts  were  made  'to  isolate  the  bromide  or  iodide  of 
dietiiylethylene,  0H,*0H,*CH:0H*CHs  CH3,  or  of  tetramethyl- 
ethylene,  (OH5)2C.'C(CHj)2,  from  the  liquid  remaining  in  the  iso-  and 
»-propyl  iodide  tubes  when  heated  alone,  but  with  no  success.  After 
removing  the  iodine  with  potasMuui  hydroxide,  a  heavy,  black  oil  re- 
mained, which  was  soluble  in  ether  and  alcohol.  It  decomposed  on 
standing,  with  production  of  iodine  and  carbon,  and  also  yielded  these 
products  when  it  was  distilled  under  ordinary  or  reduced  pressure. 
It  probably  consists  of  a  mixture  of  very  unstable  iodides  of  complex 
hydrocarlx>ns,  and,  perhaps,  also  of  iodides  of  carbon. 

It  is  remarkable  that  scarcely  any  propylene  siiould  bo  formed 
when  tlie  propyl  iodides  are  heated  alone,  whereas  with  zinc  or  sodium 
nearly  hail  the  gas  obtained  consists  of  propylene.  On  the  assumption 
of  a  dissociation  into  K  +  HI,  one  would  expect  joet  the  opposite,  for 
the  zinc  or  sodium  should  decompose  the  hydrogen  iodide  as  fast  as  it 
is  formed,  leaving  as  much  nascent  hydrogen  to  reduce  propylene  or  ^ 
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propylidene  to  propane  as  when  the  iodides  are  heated  alotie.  Why, 
then,  should  there  be  more  polymerisation  in  the  one  case  than  in  the 
other  t  If  we  assume  that  sine  can  exist  as  *>Zq<  in  its  active  state^ 
the  rsaction  becomes  easier  to  understand.  For,  if  the  propyl  iodides 
dissociate  very  easily  into  propylene  and  hydrogen  iodide,  then,  when 
heated  alone^  there  is  always  sufficient  hydrogen  iodide  to  reduce  half 
the  propylene  or  propylidene  to  propane,  leaving  the  rest  free  to  form 
complex  hydrocarbons  or  their  derivatives ;  when,  however,  sine  Is 

present,  then ;  ;:>Zn<  +  20,H^-  =  .'^'='^'i<0^h€ 

J>Zn<^»g<2        ZnI,  +  C,H,  +  C,H^. 

It  might  here  be  remarked  that  in  the  case  of  ethyl  iodide^  the  pro- 
portion of  ethylene  pvodnoed  is  also  greater  in  the  presence  than  in 

the  absence  of  zinc. 

Condiision. — So  far  as  the  behaviour  of  the  alkyl  iodides  in  a  state 
of  vapour  is  concerned,  the  cvitleiue  is  wholly  in  favour  of  their 
dissociation  into  hydrogen  iodide  and  alkyleno  or  alkylidene,  which  of 
the  two  latter  is  actually  formed  btill  being  open  to  doubt.  There  is, 
however,  nothing  to  prevent  the  assumption  that  they  also  dissociate 
to  a  slight  extent  into  alkyl  and  iodine  as  urged  by  Lobry  de  Bruyn 
and  Tjiinstra  {ZeAlsch.  phi/sikul.  Chem.y  1904,  40,  436).  In  support  of  the 
view  that  the  aikyl  iodides  dissociate,  might  also  be  cited  the  many 
cases  in  wliich  their  addition  or  substitution  derivatives  are  formed 
only,  or  more  readily,  in  the  presence  of  a  strong  dissociating  agent 
(compare  Mouueyrat,  Compt.  ren/l.^  1898,  127,  273  ;  also  Bull.  Soc. 
chim.,  1899,  [iii],  21,  (315;  Kronstein,  Bei'.,  1891,  24,  4245).  Most 
of  their  reactions  in  solution  are  also  either  in  agreement  with,  or  not 
opposed  to,  this  theory  ;  the  only  really  serious  objection  bein«^,  that 
the  velocity  of  the  reactions  in  which  the  alkyl  halides  take  part  have 
mostly  pointed  to  these  beingl}imolecular  (Ohimincllo,  Gazzetla,  1895, 
25,  li,  41Q ;  Bruyn  and  Steger,  Rec.  trav.  chim.,  1899,\18,  311  j  Burke 
andDonnan,  loc.  eit.;  Slator,  Trans.,  1904,  85,  1286),  whereas,  since 
the  reaction  of,  for  example,  silver  nitrate  and  hydrogen  iodide  is  an  ionic 
reaction,  the  reaction  actually  measured  should  beB£  — >•  K+HI, 
which  would  be  unimolecular,  but,  as  has  been  shown  by  Burke 
and  Donnan,  the  experimental  results  do  not  necessarily  justify  the 
assumption  that  the  action  is  chemically  a  bimolecularone.  Moreover, 
Slator  &Dd»  {loe.  cU,)  that  the  action  of  ethylene  oUorobromide  and 
of  ethylene  chloroiodide  on  sodium  thiosulphate  is  unimolecular,  and 
a  relatively  slow  dissodatbn  might  explain  this  at  least  as  well  as  the 
assumption  he  makes  of  a  slow  tautomeric  change  of  "a- "  C^H^ClBr 
into  "fi-**  C^H^ClBr.  On  the  other  hand,  the  rate  and  extent  of 
dissociation  would  naturally  depend  both  on  the  medium  in  which  the 
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feaetioQ  takes  pbice  and  on  the  other  reacting  substance.  It  is  thus 
qoite  in  accordance  Vflth  the  theory,  or  at  all  events'not  against  it,  that 
the  velocity  o£  roaotion  of  the  alkyl  iodidee  have  been  found  to  vary 
grettly  in  theeotpennenteof  different  obeerversr  who  have  eaoh  studied 
the  infloenoe  of  totally  unlike  snbstanoes  -on  them»  If  the  ehanges 
throogh  which  the  other  reedang  eohetanoe  pami  doring  tiie  reaction, 
lake  place  at  measarable  and  comparative  ratee,  the  reeolting  ccmstant 
cooid  not  be  espeoted  to  correspond  with  a  nnimoleoalar  reaction. 
The  dynamic  results  do  not  therefore  necessarily  disprove  the  theory, 
wherets  it  wonld  he  very  difficult  to  explain  the  resnlts  obtained  at 
higher  temperatmres  in  any  other  way.  Moreover,  by  accepting  the 
iheorj  of  dissociation  in  its  entirety  as  applied  to  all  chemical  reactions, 
we  havo  a  more  rational  oxplanatioii  for  such  processes  as  catalysis, 
many  donble  decompositions,  and  substitution. 

In  conclusion,  I  wish  to  thank  Prof.  Collie  for  the  help  he  has  given 
me  during  the  progress  of  this  work. 

0nvnsnT  CcfUMam,  hcamont  W.C. 


XV. — Derivatives  of  S-Phenylphenazothionium,  Fart  /. 

By  Sakuel  Sktubb  and  Tbokas  Pbbct  Hilditob. 

BniTBSni  (AnnaUnf  1885,  230,  116)  has  shown  that  thiodiphenyl- 
amine  when  treated  with  concentrated  nitric  add  is  converted  to  a 
mistuie  of  ^two  isomeric  nitro^iompounds  of  formnla:  Oi^HyO^N^ 
1!he  less  soInUe  of  these  was  called  the  a-,  and  the  more  sdaUe  the 
fif  derivative.  The  a-dinitro-oomponnd  was  shown  to  contain  the 
aitro-groaps  in  the  3 : 3 -positions  by  its  relationship  to  the  diamino- 
coaponnd,  namely,  thionine^  which  was  obtained  synthetically  in 
another  manner.  Bemthsen  farther  showed  from  a  quantitative  stndj 
of  the  reduction  of  the  snbstanee  Uiat  it  is  probably  a  sulphoxide,  and 
this  view  was  supported  by  the  consideration  that  the  action  of  nitric 
acid  on  aromatic  sulphide^i  in  nearly  every  case  furnishes  compounds 
of  that  nature. 

"We  are  now  able  to  advance  additional  and  perhaps  more  con- 
clusive evidence  that  these  compounds  are  sulphoxides.  It  will  be 
shown  in  the  experimeiital  part  of  the  paper,  and  elsewhere,  that  either 
the  a-  or  /3  rkrivatives  may  be  condensed  with  the  simple  phenols, 
phenolic  ethers,  and  aromatic  amines,  j^ielding  salts  of  bases,  and  it  has 
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been  found  (TiuDa,  1906,  89,  G96  ;  1907,  91,  519, 1118)  that  this 
reBCtion  is  characteristic  of  the  thionyl  group. 

The  products  which  these  dinitroenlphoxides  give  by  oondensation 
with  aromatie  oompounds  are  of  interest,  not  only  on  aoeount  of  their 
tinotonal  properties,  but  also  because  th^  form  the  first  repreeentatiyeB 
of  the  ^-phenylphenaiothionium  group  (I).  We  have  therefore 
examined  these  snbstanoes  more  dosely ;  the  present  paper  deals  with 
the  prodnet  of  condensation  of  the  a-dinitrosnlphoxide  (II)  with 
j^enetolo : 

NH  NH 

/\/\/\ 


s  so 

Ac  CflH^ 

(I.)  (II.) 
If  phenetole  is  added  to  the  solution  of  this  sulphoxide  in  con- 
centrated sulphuric  acitl,  a  green  sulphate  of  a  base  is  formed,  and  the 
structure  of  this  product  might  be  represented  by  either  of  the  following 
f ormulsB : 

Ac  H 

NH  N 

/\/\/\  /\^\/\ 

8  8 

/\  O.H,-O.OA 
Ao  C^H^-O-OjHj 

(in.)  (lY.) 

The  first  of  these  (III)  represents  the  simple  snlphonium  salt,  whioh 
would  be  directly  formed  by  the  change  of  the  thionyl  to  tli« 

snlphonium  group ;  the  second  (IV)  contains  the  quinonoid  sulphoninm 

btructure,  and  this  might  be  formed  from  the  first  by  rearrangement  of 
the  acid  group  whereby  the  basic  function  of  the  moloculo  would  be 
transferred  to  nitrogen.    The  substance  is  coloured,  and  the  second 
alternative  contains  the  quinonoid  structure,  but,  in  spite  of  this,  we 
prefer  the  first,  since  all  the  evidence  which  can  be  collected  shows 
that  nitrogen  in  this  dinitro-derivativo  would  not  be  of  a  basic 
character.    Thus  di-/>-nitrodiphenylamine  and  <li  ;7-nitrodiphenylamine 
sulphoxide  do  not  exhibit  basic  properties,  but  are  of  acidic  nature, 
forming  red  salts  with  alkali  hydroxide.    Even  thiodiphenylamine 
itself  is  an  extremely  weak  base,  and  the  hydrochloride,  which  pt^n 
only  bo  obUiined  by  the  action  of  dry  hydrogen  chloride  on  the 
ethereal  solution,  decomposes  rapidly  on  ezposare  to  the  air  (Unger 
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and  HoffmanD,  Ber.^  1895,  29,  1365).  Further,  it  may  be  remarked 
that  the  phenetylsulphozide  of  di-/;- Ditrodiphenjlaminef  which  iii 
described  below,  is  devoid  of  basic  properties:. 

When  the  above-mentioned  green  salt  is  treated  with  aqueous 
alkali  hydroxide,  a  dark  reddiah-brown  substanoe  of  basic  character  is 
fonniod  by  removal  of  the  elements  of  the  mineral  acid  from  the  salt. 
Now,  when  di-p-nitrodiphenylamine  or  its  Biilphoxido  is  treated  with 
alkali  hydroxide,  red  salts  are  formed  (Sttirnur  nv.d  Hoffmann,  Ber,f 
1898,  31,  20a6  ;  Bemthsen,  AmwUn,  1885,  230, 116, 133),ftiidtbeM 
Qfidoubtedly  have  the  qainonoid  structure, 

•ulogoiiB  to  that  of  the  (nits  of  the  nitrophenola.  It  may  therefore 
be  roppoeed  tbat  the  green  nits  in  question  react  with  alkali,  forming 
first  the  qninofnoid  salt  (Y) : 

N  N 

/\^\/\ 

S  \  8 

Ac     OeH^-O-Cj^Hj  O  C^H^-O-C^e 

(V.)  (VI.) 
which  then,  losing  the  elements  of  the  alkali  salt,  changes  into  the 
nitrothetine  (VI).  The  latter  tftage  in  this  reaction  is  analogous  to 
that  already  observed  in  the  preparation  of  a  carbozythetine.  Delisle 
{Btr^  1892,  26,  2451)  found  that  the  sodium  salts  of  chloroacetie 
and  thiodiglyodlle  adds  interact  in  warm  aqusousj  solution,  giving 
the  sodium  salt  of  dioarhoiyniethylthetine, 

(00,Na-CH,)^<^^>CO. 

Here  it  is  evident  that  the  sodium  salts  first  unite  to  form  the  tri- 

!iodinu)  s;ilt  of  the  chloride,  which  then,  losing  sodium  chloride,  passes 
into  the  thetine. 

(00,Na-OH,),iSCa  -  NaOl  +  (00,Na-OH,)^<^^£>00. 

Between  the  above  nitrothetine  formula  for  the  base  and 
the  alternative  sulphonium  quinone  (VII)  there  appears  to  us 
to  be  little  choice;  indeed,  it  is  possible  that  in  solution  the 

N 


ON  I  NO 

\/%/\/  ^ 

(VII.) 

sub.^tance  is  an  tsodynamic  mixture  of  the  two  forms.  The  green  salts 
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are  also  attacked  by  a  large  excess  of  boiliug  water,  undergoing 
hydrolysis  to  a  bright,  crimson  base.  The  product,  which  is  formed 
from  the  salt  by  exchange  of  the  acid  group  for  hydroxyl,  contains  one 
molecule  of  water  more  than  the  above  anhydride  (VI  or  VII). 
Solutions  of  this  base  are  deep  red  or  orange,  aud  exhibit  a  strong 
fluorescence.  The  base  obtained  by  hydrolysis  from  the  sulphate  of 
the  iV^-methyl  derivative  (VIII)  must  have  the  constitution  (IX) : 


8 

Ac     C^H.-O-OjHj  OH  C^jH^-O-CjHj 

(VIII.)  (IX.) 

It  has  physical  properties  entirely  different  from  those  of  the 
crimson  substance  mentioned  above,  being  of  a  dull  olive-brown 
colour  and  not  fluorescent.  The  base  obtained  from  the  nnsubstituted 
salt  therefore  is  almost  certainly  of  different  structure,  and  this  may 
be  represented  as : 

N  N 

/\^\/\  /\^\/\ 


+  H,0 


OH    O^H^-O-CgHj  O  CjjH^-O-OjiHj 

(X.) 

As  with  other  thetines  and  betaines,  it  is  difficult  to  determine  the 
nature  of  this  snpplementary  molecule  of  water,  but  it  may  be  remarked 
that  in  this  case  a  temperature  of  150—160^  is  required  to  remove  it, 
and  then  further  decomposition  occurs  on  prolonged  heating. 

On  resuming,  it  is  seen  that  the  green  salts  (III)  are  converted  by 
hydrolysis  to  the  red  base  (X),  and  by  the  action  of  alkali  hydrozido 
to  the  anhydride  (YI),  the  colour  change  in  either  case  beiqg  ao- 
companied  by  the  formation  of  the  quinonoid  structure. 

A  synthesis  of  these  substances  has  been  attempted  in  the  following 
manner.  It  has  been  previously  shown  (Smiles  and  Le  Bossignol, 
Trans.,  1906,  89,  697)  that  sulphinio  adds  may  be  transfonned  by 
ctmdensation  with  certain  aromatic  snbstances  to  aromatic  sulphoniom 

R-SO-OH  +  2C^llfi'  =  (C8H^R')2R:S-OH  +  H^O. 

We  tliorefore  hoped  that  di-;>mtrodiphenylamiue  and  phenetole-/^' 
sulphinic  acid  would  yield  (XI)  the  salts  mentioned  above  : 
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NH 

/\/^  \/\  NH 


HO     C^H,-0-C,H,  C,H,-0-C,Hj 
(Xf.)  (XII.) 

Employing  the  usual  coDdonsing  reageut,  namely,  sulphuric 
ftcM,  it  wag  found  that  these  substances  do  not  interact,  but 
when  heated  with  phosphoryl  chloride  Liiey  yield  an  olive-green 
Bulphoxide  (XII),  which  forms  the  intermediate  stage  in  the  expected 
reaction.  Efforts  to  complete  the  reaction  have  been  unsuccessful,  but 
this  is  not  surprising,  for,  a.s  will  ho  shown  later  in  other  exj^erimont:^, 
the  formation  of  sulphonium  bases  is  hindered  by  ortho-substitution, 
and,  further,  there  is  no  doubt  that  the  nitro-groups  exert  a  disturbing 
influence  on  the  course  of  the  reaction. 

The  position  of  the  ethoxyl  in  the  X-phenyl  group  of  the  salts  and 
bases] dealt  with  cannot  at  present  be  determined,  but,  judging  from 
former  experience,  it  almost  certainly  occupies  either  the  ortho-  or 
{Kura-poeition  with  respect  to  the  quadrivalent  sulphur  atom. 

The  case  with  which  the  salts  of  iS^-phenetylphenaaothionium  are 
hydrolyaed  shows  the  base  to  be  of  weak  character,  and  this  18  in 
slrikiiig  ocmtrast  to  the  aromatic  sulphonium  bases  which  w6(ro 
formerly  amnined  (Smilea  and  Le  Kossignol,  loo.  cit.).  From 
Eehrmann's  axperiments  on  the  baaioity  of  derivatives  of  phenaso- 
thioniom  {Bor,,  1906,  39,  914),  it  seema  certain  that  the  nitro-groups 
in  (ha  above  eubatanoes  would  weaken  the  basicity  of  the  sulphonium 
gnmp;  wa  hope  from  (he  study  of  other  derivatiyes  to  ascertain  the 
natore  of  the  parent  anhstance,  namely,  iS'-phenylphenasothionium. 

.Sinoe  it  eeema  to  be  a  general  rule  that  the  introduction  of  nitnH 
gmopa  in(o  a  fluorescent  molecule  leads  to  weakly  or  non-fluoreaoent 
derifativaa  (KauflFmaan,  '*Die  Beiiehungen  zwischen  Fluoresaens  und 
Ghamiaeher  £onatittttion,"  1906,  p.  80),  it  is  worth  noticing  that  the 
nUio-oomponnda  at  present  dealt  wi^  exhibit  this  property  in  a 
mariced  degree.   In  thia  respect,  they  are  exceptional. 


EXPEUIMENTAL. 

Derivativee  o/B-Phmui^'S  :  Z'-dinitrophmMzothwimm. — ^The  requisite 
•-diaiteodiphenylamine  sulphoxide  was  obtained  by  the  process 
reoommended  by  Bernthseu  (loc.  cii.),  in  which  thiodiphenylamine  ia 
treated  with  excess  of  nitric  acid  (sp^  gr.  1*4).  The  a-dinitro- 
sal^hoxida  ia  preoipitated  during  the  reaction,  whilst  the  /8-derivative 
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reiiiaius  for  tlie  gioator  jj;irl  (lissolved  in  tho  mother  li«iuor,  from 
which  it  may  be  obtained  by  procipitaliou  with  water.  The  a-deriv- 
ative  was  employed  in  the  following  experiments. 

S-Fliemli/l-3  :  3' -dinitrophenazothionium  Sulp/iate. — Five  grams  of  di- 
jo-nitrodiphenylamine  sulphoxide  were  dissolved  in  excess  of  con- 
centrated sulphuric  acid ;  phenetole  was  then  gradually  added  to  the 
deep  yellowish-brown  solution,  which  was  kept  thoroughly  cooled 
during  the  reaction*  It  was  found  necessary  to  add  a  large  ezoesfl  of 
phenetole,  since  the  greater  portion  was  sulphonated  before  condensa- 
tion could  take  place.  The  course  of  the  reaction  was  followed  by  with- 
drawing a  drop  from  the  mixture  after  each  addition  of  phenetole  and 
adding  it  to  a  few  cc.  of  cold  water ;  when  the  condensation  was 
complete,  the  precipitate  was.  bright  bluish-green,  and,  on  the  other 
hand,  if  much  sulphoxide  remained  condensed  the  colour  was  dull 
brown. 

When  the  reaction  was  over,  the  strongly  add  solution,  now  oHto- 
green  in  colour,  was  poured  into  a  large  bulk  of  cold  water,  and  the 
miscture  set  aside  at  the  atmospheric  temperature  for  a  few  hours. 

The  bluish-green  precipitate  of  the  sulphate  was  then  collected  by  the 
aid  of  the  pump,  and  thoroughly  washed  with  cold  water ;  the  yield 
was  almost  theoretical.  After  being  dried  on  a  porous  tile  in  a  vacuum, 
the  sulphate  appeared  as  a  bright  green  powder,  which,  on  further 
drying  at  100*^,  apparently  lost  water  and  was  converted  into  a  dark 
blue  substance  with  metallic  lustre.  It  was  slightly  soluble  in  cold 
water,  fairly  readily  so  in  alcohol,  and,  as  previously  mentioned,  was 
hydrolysed  by  a  large  excess  of  liot  water. 

Anfiydro-^-phenetyl-Z  :  Z' -dinitrophenazothio7iium. — This  anhydrous 
base  was  obtained  from  the  above  sulphate  by  the  action  of  aqueous 
alkali  hydroxide.    Tho  salt  was  thoroughly  triturated  with  a  5  per 
cent,  aqueous  solution  of  sodium  hydroxide  at  about  25° ;  the  solid 
base  was  then  filtered  from  tho  deep  red  solution,  and  washed  with 
cold  water  until  the  filtrates  were  almost  colourless  and  quite  neutral 
towards  litmus.  After  being  dried  in  the  steam-oven,  the  brown  solid 
was  purified  by  precipitation  with  dry  ether  from  chloroform  solution. 
In  this  way,  the  emhydnhbaw  was  obtained  as  a  brown,  crystalline 
powder  with  a  green  metallic  lustre ;  it  melted  at  221 — 222^,  and 
was  readily  soluble  in  chloroform  or  alcohol,  but  very  sparingly  so  in 
ether  or  hot  water.  The  fluorescent  light  emitted  by  the.  brown 
chloroform  solution  is  dull  crimson  in  colour,  whilst  that  of  the 
ethereal  solution  is  bright  greenish-yellow;  the  aqueous  solution  is 
purplish-red,  but  not  fluorescent.    For  analysis,  the  substance  was 
dried  at  1U()°  : 

O-iabj  gave  0-2976  COg  and  U  0515  H2O.  C  =  58'C0  ;  H  =  3  83. 
01C97    „    0-3631  CO,  „   0  0616  H,0.    0  =  58  37 ;  H  =4  03. 
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0-U96  gave  12*7  c.c.  of  uitrogou  at  20°  and  761  mm.    N  =  9-94. 
0-2093    „    0-1212  BaSO^.    S  =  7  82. 
Csol^iAN^  requires   C-68  68;   H  =  3-67;  N- 10-27;   8-7  96 

per  cent. 

S-Phtmiyil-Z  I  y-^Uniirop^enaaMimium  Mtride  was  prepared  by 
dtssolTiDg  the  anbTdro-boae  in  concentrated  hydrochloric  acid  and 
precipitating  the  solution  with  water.  On  allowing  the  salt  to  separate 
slowly,  it  was  obtained  as  a  yellowish-green,  crystalline  powder,  which, 
after  repeated  precipitation,  melted  at  202 — 204^  A  dried  sample 
was  analysed : 

01101  gave  0-2168  CO^  and  0  0372  H,0.    C« 53-64;  H  =  3-76. 
0-2065    „    0  1028  BaSO^.    S  =  6-84. 
0-1977    „    0  0619  AgCl.    CI  =  7  74. 
Ca|H„OftN,ClS  requires  C-53-89;  H-3-59;  S»718;  C1«7S)7 

per  cent. 

This  Mtnde  is  soluble  in  alcohol,  giving  a  blue  solution  with  a 
crimson  fluoresoenoe,  which  is  doubtless  due  to  a  small  quantity  of  the 
anbydro-base,  since  it  vanishes  on  the  addition  of  hydrochloric  add, 
the  solution  then  becomes  a  clear  greenish-blue.  The  action  of  water 

CO  the  salt  is  described  later.  The  compound  possesses  tinctorial 
profHLrties  ;  silk  is  dyed  a  pale  green  tint,  wiiich  in  presence  of  alkalis 
becomes  reddish-brown. 

Tlie  plutinichloride  was  precipitated  as  a  dark  green  powder  by 
mixing  iin  alcoholic  .solution  of  the  chloride  with  platinic  chloride;  it 
is  insoluble  in  water,  but  slightly  soluble  in  concentrated  bydrochloric 
scid.    After  being  dried  in  the  steam-oven  : 

01860  gave  0-0290  Pt.   Pt  - 15-69. 

(C^,«O5N|^)^tOl0  requires  Pta  15*88  per  cent. 

The  picrate  was  obtained  by  adding  an  aqueous  solution  of  picric 
acid  to  an  alcoholic  solution  of  the  base.  It  foi  niod  a  grccti  powder, 
which  melt^  at  216 — 218^,  and  was  insoluble  in  cold  water  : 

0-1089  .irave  0  1982  CO^  and  0-0299  Ufi.    0  =  49  63  ;  11  =  3  05. 
CgQH,,U5N,S,CjH,0,N,  requires  0  =  48*90  ;  H  =  2-82  per  cent. 

The  dichramaU  was  prepared  by  mixing  solutions  of  the  chloride  or 
sulphate  with  aqueoua  potassium  dichromate.  It  is  an  olive-green 
powder  of  high  melting  point : 

0*1 123  gave  0-0167  Qrf>y   Or  « 10  00. 

C^oHg.Oj^NgS.XVo  requires  Cr- 10*04  per  cent. 

S-Pheiuti/l-Z  :  W-dinitroph']iiazofhiomum  Hydroxide. — When  aqueous 
solutions  of  the  sulphate  are  l)oiI(Ml,  tho  l»Iuc  colour  changes  to  red  and 
a  crimson  precipitate  separates.  The  latter  is  the  thionium  hydroxide, 
which  is  fori^ed  to|pethe|r  with  mineral  acid  by  hydroljsia  of  the  salt ; 
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but  the  reaction,  being  reversible  in  presence  of  acid,  is  not  complete, 
and  a  state  of  equilibrium  is  attained  which  can  only  be  disturbed  by 
the  addition  of  alkali  or  by  diluting  the  solution.  To  prepare  this 
hydroxide  in  larger  quantity,  a  concentrated  solution  of  the  salt  in 
hot  alcohol  was  poured  into  a  large  bulk  of  water.  After  the  mixture 
had  remained  some  hours  at  the  ordinary  tomperaturo,  the  crimson 
precipitate  was  collected  by  the  aid  of  the  pump,  then  dried  in  the 
steam-oven,  and  analysed : 

A  sample  prepared  from  the  sulphate  gave  the  following  results  on 
analysis: 

0  1472  gave  0-3041  CO^  and  0-0487  H,0.    C=-56-41  ;  iI  =  o'71. 

A  specimen  made  from  the  chloride  was  also  analysed : 

0*1245  gave  0*2649  00,  and  0*0428  H/>.  .  0-66*84 ;  H-3-82. 
CjoHj^OqKsS  requires  O  -  66*21 ;  H  -  3*98  per  cent. 

The  substance  is  soluble  in  chloroform  or  ether  with  the  same 
fluorescence  as  that  observed  in  corresponding  solutions  of  the  an  hydro- 
base.  By  spontaneous  evaporation,  it  is  deposited  from  the  former 
solvent  in  red,  feathery  needles,  which,  on  heating,  darken  and  contract 
at  150 — 180°  and  finally  melt  rather  indistinctly  at  about  220°. 
When  the  crystals  are  powdered,  they  assume  a  metallic  lustre.  The 
substance  does  not  lose  water  at  100°,  but  on  heating  a  sample  to  IdO** 
for  some  hours  it  was  found  that : 

0*3188  lost  0*016  H,0.  HsO»4-70. 

02oHjj^O,N3S,H20  requires  H,0«4*22  per  cent. 

Analysis  of  the  residue  showed  that  some  decomposition  had  taken 
place  at  the  same  time. 

S-Phenetyl-ii-nietht/l-3  :  S'-diniirophenazot/nontum, — iT-methylthiodi- 
phenylamine,  prepared  by  methylation  of  thiodiphenylrATnitip  with 
methyl  iodide  under  pressure  (Bernthsen,  Anruden,  1885,  230,  88), 
was  converted  into  the  dinitrosulphoxide  by  the  process  described  by 
Bemthsen,  The  latter  substance  was  then  treated  with  phenetole  and 
concentrated  sulphuric  acid  in  the  manner  which  has  been  preriously 
described  in  the  case  of  the  homologous  snlphoxide.  On  pouring  the 
green  solution  into  water,  the  crude  sulphate  was  piedpttated  as  a 
sticky,  green  mass,  which  rapidly  set  to  a  brittle  mM,  This  was 
separated  from  the  mother  liquor,  and  then  triturated  with  ezoess  of  a 
6  per  cent,  aqueous  solution  of  sodium  hydroxide.  The  resulting  base 
was  collected  by  the  aid  of  the  pump,  washed,  dned  in  the  steam-oven, 
and  finally  purified  by  dissolving  in  chloroform  and  precipitating  the 
solution  with  dry  ether.  f^-PhemtyW^ 'methyl  Z  :  Z'-dinitrophenazo- 
Uiioniuin  hydroxide  was  thus  obtained  as  an  olive-brown  powder,  which 
melted  at  about  200°,  and  was  insoluble  iu  ether,  but  soluble  in  chloro- 
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fom  or  •loohol  witlioiit  flnomoeiioei.  Tlie  hob  dilate  aqueous  eolatioD 
klirowii : 

0  1386  gave  0-2919  COj  and  0-0531  HjO.        57*44 ;  H-i-26, 

CgjHjoOftNjS  requires  C  =  5714  ;  H  =  4-31  per  cent. 

The  clUorvh  was  oV)tnir.od  by  mixing  the  base  with  excess  of  hydro- 
chloric acid  ;  it  was  puritied  from  aqueous  alcohol  containing  a  little 
free  hydrochloric  acid  to  prevent  dissociation.  The  substance  formed 
a  dark  green  powder,  which  was  soluble  in  alcohol,  and  sparingly  so  in 
hot  water : 

01869  gave  0*2530  00«  and  0  0492  Hp.   G  ^  54-80 ;  H  -  4*31. 
C^fi^fi^JJIB  requires  0-54*84 ;  H«i3*98  per  oent. 

The  pUamiM<i/nd$  forms  a  green  powder,  which  is  insoluble  In 
wiier  or  alcohol : 

0-1427  gave  0  0224  Pt.    Pt  =  15-69. 

0  1647    „    0-2393  CO.  and  0  0467  HjO.    0  =  59*63  ;  H  =  316. 
(CnilwO^Ng3)^tCler©quire8  Pt^- 15-63;  C  =  40-13;  H- 2*87  per  cent. 

(kmimimtkn  of  Di-p-nUndiphmykmiikmmnd  Phmeiyl-^  Aeid, 

The  amine  was  prepared  by  the  prooess  recommended  by  Goldberg 
{£tr^  1907,  40,  4525)  lor  obtaining  deriTattTes  of  diphenylamine. 
A  misrture  of  14  grams  of  i^bromonitrobenaene,  10  grams  of  p-nitro- 
anlKneb  5  grams  of  potassium  carbonate,  0*2  gram  of  copper  iodide, 
sad  75  grsuns  of  nitrobensene  was  heated  for  twenty  hours  in  a  flask 
fmided  with  a  reflux  condenser.  The  dark  brown  product  was 
distilled  In  ft  current  of  steam  to  remove  nitrobenzene  and  unchanged 
biomonitrpbensene ;  the  residue,  which  solidified  on  cooling,  was 
collected  and  repeatedly  extracted  with  concentrated  hydrochloric 
acid.  The  insoluble,  crystalline  mass  of  crude  di-/>-uiUudipheuyiamiue 
weighed  10  grams. 

Equal  weights  of  phenetoIe-;)-sulphinie  acid  and  di-/)-nitrodiphonyl- 
amine  were  dissolved  in  excess  of  phosphoryl  chloride,  and  the  brown 
solution  was  gi*adually  heat-ed  on  a  sand-bath  in  a  flask  provided  with 
a  reflux  apparatus.  The  reaction  commenced  suddenly,  the  liquid 
frothing  up  and  becoming  bright  green  ;  the  mixture  was  boiled  for 
ten  minutes  longer,  and  then  poured  on  to  pounded  ice  to  decompose 
the  excess  of  oxychloride.  An  olive-green  solid  separated,  which  was 
collected,  triturated  with  aqueous  alkali  hydroxide,  thoroughly  washed 
with  water,  and  dried.  The  substance  was  purified  by  precipitation 
with  dry  ether  from  chloroform  solution.  In  this  way,  <U-p-mfro- 
4ifkmjfkmin9  %pfihmmiylmdpkoeBide  was  obtained  as  a  deep  olive-green, 
srystikUiiM  pcywder,  which  melted  at  170^.  It  was^paringly  soluble  in 
e^sr  aad  veadily  so  in  chloroform  or  alcohol,  giving  brown  or 
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browniali-greeii  Bolations.  The  colour  of  the  alooholic  Bolatioi|  changed 
to  crimsoiL  when  aqueoiu  sodiou  hydroxide  was  added : 

0-1002  gave  O-aOer^OOg  and  0*0884  H,0.  0  -  56*37 ;  H  -  4*25. 
0*1013   „    0*2093  00^  „  0*0352  H,0.   0-66*32;  H->  3*98. 

0  1458    „    0-0844  BaSO^.  8«7*95. 
CjoH^.O^-NgS  requires  0  =  56*21  ;  H  =  3-98;  8  =  7-49  percent. 

Derivatives  of  these  substances  and  other  condensation  product-s  of 
the  a-  and  /J-sulphoxides  are  being  at  present  studied,  and  we  hope  to 
publish  the  results  at  an  early  date. 

Tom  Obgahio  OEsiitsTBT  Labobatobt, 
UirnniBsrrT  Oouukqm, 

LOKDOV. 


XVl. — The  Velocity  of  Reihiction  of  the  Oxides  of  Lead, 
Crfdmium,  and  Bismnth  hy  Carbon  Monoxide^  and 
the  Existence  of  the  Suboxides  of  these  Metals, 

By  Fbancis  Joseph  Bbislbb,  D.So. 

The  following  research  was  undertaken  with  the  yiew  of  determining 

the  conditions  under  which  suboxides  are  produced  by  the  reduction 

of  higlier  oxides,  by  means  of  carbon  monoxide,  the  velocity  of  the 
reduclioii,  and  the  e(]uilibria  existing  between  the  various  oxideii, 
carbon  monoxide,  and  carbon  dioxide. 

Moat  suboxides,  when  treated  with  ordinary  chemical  reagents,  such 
as  acids  or  alkalis,  behave  as  though  they  were  a  mixture  of  metal  and 
oxide.  Lead  suboxide,  for  example,  when  acted  on  by  an  acid, 
behaves  as  if  it  were  a  mixture  of  load  and  lead  oxide.  Moist  lead 
suboxide  is  oxidised  to  lead  hydroxide  by  the  action  of  air,  whereas  a 
mixture  of  lead  and  lead  oxide  remains  unchanged  under  the  same 
conditions.  This  was  first  observed  by  Pelouze  and  confirmed  by  later 
observations. 

The  conditions  for  instability  and  stability  of  the  intermediate  sub- 
oxides are  as  follows.  If  the  free  energy  of  the  lead  suboxide  is 
greater  than  the  sum  of  the  free  energy  of  the  lead  and  the  free 
energy  of  the  lead  oxide,  then  the  lead  suboxide  will  tend  to 
decompose  into  lead  and  lead  oxide.  The  lead  suboxide  would,  under 
these  conditions,  be  an  unstable  compound,  and  only  capable  of  exist- 
ence in  a  metastable  state.  On  the  other  hand,  if  the  free  energy  of 
the  lead  suboxide  is  less  than  the  sum  of  the  free  energy  of  tlielead 
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and  the  free  energy  of  the  lead  oxide,  then  the  subexide  ie  a  stable 

compound.  These  conditions  may  be  reversed  by  a  change  of  temper- 
ature, such  a  "  condensed  "  reaction  as  the  above  possessing  usually  a 
definite  transition-point  at  a  detinite  temperature. 

That  the  so-called  suboxide  is  not  a  mixture  of  lead  and  lead  oxide 
was  prov^ed  by  Tauatar  {Zeitsck.  anorg.  Chem.,  1901,  27,  304),  who 
determined  the  heat  of  solution  of  the  suboxide  in  acetic  acid.  He 
showed  that  when  a  mixture  of  lead  and  lead  oxide  is  treated  with 
dilute  acetic  acid,  the  heat  of  the  reaction  is  greater  than  when  the 
suboxide  of  lead  is  subjected  to  the  same  treatment.  From  these 
experiments,  Tanatar  found  that  the  decomposition  of  lead  suboxide 
into  lead  and  lead  oxide  is  attended  with  an  absorption  of  5*4:52  Gal. 
He  farther  showed  that  the  density  of  the  suboxide  at  18^  is  between 
8*347  and  8'348»  whilst  the  density  of  a  mixture  of  lead  and  lead 
oxide  in  the  ooraesponding  proportion  is  9*973  to  9'979*  That  the 
greenish-giey  product*  obtained  by  igniting  lead  oxalate  to  a  higher 
temperature  than  that  at  whieh  the  suboxide  is  formed,  is  different 
from  the  suboxide,  although  analytically  identical,  was  shown  by 
determining  the  heat  of  solution  in  y/2  acetic  acid,  which  was  found 
to  be  15*500  Gal.,  that  is,  as  much  as  for  1  gram-molecule  of  lead 
oxide.  Moreover,  the  density  of  this  product  was  found  to  be  9*973 
to  9*979,  or  the  same  as  that  of  a  mixture  of  lead  and  lead  oxide. 

If  it  be  assumed  that  in  a  condensed  system  the  total  energy  change 
represents  very  nearly  the  change  of  free  energy,  then  it  follows  that 
the  lead  suboidde  would  be  stable  with  respect  to  lead  and  lead 
oxide. 

Preliminary  experiments  were  made  on  the  production  of  lead  sub- 
oxide hv  reducing  lead  oxide  with  carbon  monoxide  at  300°.  Carbon 
monoxide  was  circulated  by  means  of  an  apparatus  similar  to  that 
introduced  by  Ck>llie  (Trans.,  1889^  55,  133),  modified  by  Bone  and 
Wheeler  (Trans.,  1903,  81,  535),  and  used  by  them  for  reaction- 
▼ekietty experiments,  over  a  known  weight  of  pure  lead  oxide  contained 
in  a  potoelain  boat.  The  circulation  was  continued  for  twenty-four 
hours,  and  the  temperature  was  maintained  constant  at  300°.  After 
eoolio|^  the  boat  was  again  weighed ;  the  loss  amounted  to  3*40  per 
cent.  The  product  was  a  ^Ivety,  greyish-black  powder,  which,  on 
timlMsnt  with  dilute  nitric  or  acetic  acid,  left  a  residue  of  spongy 
lead.  The  residue  of  lead  was  weighed  after  digesting  the  product 
with  dilute  aoetie  acid,  and  it  constituted  48*54  per  cent,  of  the  whole. 
When  the  substanoe  was  moistened  with  water  and  exposed  to  air,  it 
was  speedily  oxidised  to  lead  hydroxide.  The  reduction  was  repeated, 
using  a  rather  larger  quantity  of  lead  oxide,  and  again '  the  product 
was  identical  in  its  l)ehaviour  with  that  obtained  by  Tanatar.  On 
Still  further  reduction,  the  suboxide  was  gradua.lly  reduced  to  metallic 
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lead.  The  prodnets  of  these  svbeequeiit  zediietioiis  were  CMefally  • 
tested  for  carbonate,  bat  in  every  case  this  was  found  to  be  absent. 
This  non-formation  of  carbonate  is  dne  to  the  fact  that  the  partial 
pressnre  of  the  carbon  dioxide  was  always  below  the  dissociation- 
pfessore  of  lead  carbonate*  Oolson  (Compt.  rmid,,  1905,  140,  865) 
found  that  at  280^  the  dissooiation-iveBsare  of  lead  carbonate  is 
548  mm.,  whilst  under  the  conditions  of  the  experiments  the  partial 
pressure  of  tlio  carbon  dioxide  never  exceeded  200  mm. 

Further,  at  the  tem^Xirature  emplojed,  namely,  300°,  neither  the 
lead  suboxide  nor  the  metallic  lead  were  capable  of  reacting  with 
the  carbon  dioxide  formed,  and  experimenttt  made  with  a  view  to 
determining  the  equilibrium : 

PbjO  +  CO2      2PbO  +  CO  or 
2Pb+00,:;r  PbjO+CO 
gave  negative  results. 

Disconiimdties  in  the  Rate  of  Eediiciion. — Glaser  {Zeitsch.  anorg, 
Chem.y  1903,  36, 1)  has  shown  that  by  the  reduction  of  lead  oxide 
with  hydrogen  at  211**  and  235^  lead  suboxide  can  be  obtained,  and 
points  out  that  the  reaction : 

Pb20  +  H2  =  2Pb  +  H,0 
proceeds  much  more  slowly  than  the  reaction  : 

2PbO  +  H,-Pb,0  +  H,0« 

The  time-reduction  curves  of  lead  oxides  should  show  breaks  at, 
or  near,  the  points  at  which  the  reduction  of  one  oxide  is  complote 
and  the  reduction  of  the  other  commences.  For  example,  if  the 
reduction: 

3Pb20+aO»Pb,0-i-00, 

proceeds  at  a  much  faster  rate  than  the  reduction  : 

Pb,0  +  C0  =  2Pb  +  C0y 

then  the  time-reduction  curve  should  show  a  break  at  the  point 
where  the  lead  oxide  is  completely  reduced  to  lead  suboxide.  On  tko 
other  hand,  in  measuring  the  rate  of  reaction  in  such  a  system,  the 
rate  measured  may  be  the  sum  of  two  or  more  simultaneous  reductions ; 
for  example,  if  at  first  lead  oxide  is  reduced  to  lead  suboxide  and  n 
small  proportion  of  the  suboxide  is  also  reduced  to  lead  at  the  same 
time,  but  with  a  different  Telodty,  then  the  break  in  the  time- 
reduction  curve  will  occur  at  the  commencement  of  the  second  phase 
of  the  reaction : 

PbgO  ->  Pb, 

and  hence  will  not  exactly  coincide  with  the  point  at  which  the 
higher  oxide  is  completely  reduced  to  the  intermediate  suboxide. 
In  the  following  experiments,  the  point  at  which  the  break  in  the 
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tim0>v8diiotioii  ourve  ooonn  b  very  near  the  pomt  at  whidi  the 
r«dtictioik  of  the  higher  osdde  ends  and  that  of  Uie  lower  oiide 

begins. 

JilXPEaiMBliTAIi. 

The  ^ipaiatae  employed  in  detennining  the  yelocity  of  reduction  is 
ihowD  in  Fig.  1.  The  tubes  A  and  B  are  aboat  70  om.  long  and  2  om. 
internal  diameter.  These  tabes  vera  endoeed  in  a  double-jacketed 
tube  fomacs^  the  position  of  whidi  is  denoted  by  the  lines  K  and  Z. 
Tbe  farnace  was  protected  from  draughts  by  sheets  of  asbestos  board, 
and  the  gas  pressure  kept  constant  by  a  Stott  regulator.  Under  these 
conditions,  the  temperature  was  maintained  at  300"^,  with  a  maximum 
v&riatK>n  of  ±  2°.   The  temperature  was  measured  by  a  thermometer 

FiQ.  !• 


filled  with  nitrogen,  so  placed  that  its  bulb  was  just  between  tbe  tubes 
A  and  Bf  in  the  neighbourhood  of  the  position  of  the  boat.  The 
thermometer  was  compared  from  time  to  time  with  an  accurate  thermo- 
electric pyrometer.  The  tubes  A  and  B  were  connected  with  the 
drcolator  Df  which  was  similar  to  that  introduced  by  CoUie  {foe,  eU,)» 
The  tohe  conaeettng  B  with  the  circulator  carried  a  tap,  (7,  used  for 
exhausting  the  apparatus  and  also  for  introducing  the  gas,  and  a 
three-way  tap  eonneeted  with  a  manometer.  Tlie  tube  connecting  A 
with  the  eiicnlator  carried  a  gas  sampler,  and  the  bulbs,  JP,  contained 
a  small  quantity  of  mercury  by  means  of  which  the  speed  of 
circulatim  of  the  gases  could  be  judged.  The  whole  of  the  apparatus 
was  joined  together  by  glass  connexions,  except  which  was  fitted 
with  a  rubber  stopper,  and  there  was  a  joint  of  stout  rubber  tube  at 
J/,  wired  on,  to  allow  of  ready  insertion  and  withdrawal  of  the  boat. 
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The  experiments  for  detennining  the  rate  of  leduotioii  of  the  ozidee  of 
lead,  cadmium,  and  biomiith  were  made  in  the  following  way.  From 
2  to  3  grame  of  the  oxide  were  placed  Into  the  porcelain  boat  in  the 

tube  A.  The  rubber  stopper  was  then  replaced  and  the  joint  M  wired, 
and  the  whole  apparatus  exhausted  as  completely  as  possible  by  a 
water  pump  connocted  to  C.  Pure  carbon  monoxide,  prepared  from 
formic  acid  and  concentrated  Bulphuric  acid,  was  then  introduced 
through  (7,  and  allowed  to  escape  at  the  bottom  of  the  manometer  and 
at  t  he  tap  at  the  bottom  of  the  circulator.  By  turning  the  tliree-way 
tap,  into  the  positions  indicated  in  the  diagram  by  the  figures  1,  2, 
and  3,  it  was  possible  to  allow  the  gas  to  stream  through  the 
apparatus  in  three  different  directions.  In  order  to  ensure  complete 
tilling  of  the  apparatus  with  carbon  monoxide,  a  small  quantity  of  gas 
was  allowed  to  collect  in  G  and  was  subsequently  analysed.  When 
the  apparatus  was  filled  with  the  gas,  the  tap,  (7,  was  dosed,  F  was 
turned  into  the  position  indicated  by  (1),  and  the  furnaoe  heated  to 
300°  as  rapidly  as  possible.  At  this  point,  the  circulator  was  set  in 
action  and  the  gas  circulated  for  a  given  time,  varying  from  1^ 
to  6  hours,  the  longer  time  heing  used  in  some  of  the  preliminary 
experiments,  and  the  shorter  when  the  reduction  of  the  higher  to 
the  lower  oxide  was  almost  complete.  The  rate  of  droulation 
was  kept  as  constant  as  possible,  and  was  so  regulated  that  about 
fifteen  bubbles  of  gas  passed  through  E  per  minute.  At  the  end  of 
the  time,  the  apparatus  was  allowed  to  cool,  and  a  portion  of  the 
gaseous  contents  was  collected  in  0  tot  analysis,  in  order  to  ensure 
excess  of  carbon  monoxide ;  in  no  case  was  more  than  one-sixth  of  the 
caibou  monoxide  converted  into  carbon  dioxide.  When  the  apparatus 
had  cooled,  the  boat  was  removed  and  weighed.  The  purest  oxides 
obtainable  were  used  for  the  experiments,  their  purity  being  checked 
by  analysis. 

Medtbction  o/  Lead  Oxide, 

A  preliminary  experiment  was  made  with  the  view  of  determining 
whether  any  break  occurred  in  the  time-reduction  curve  at  the  point 
at  which  the  composition  of  the  reduction  product  corresponded  to 
lead  suboxide.  The  reduction  was  conducted  by  reducing  for  six 
hours  at  a  time,  and  then  weighing  the  product  until  the  oxide  was 
completely  reduced  to  lead.  The  quantity  of  lead  oxide  used  was 
2*002  grams,  and  the  gas  circulated  at  the  rate  of  about  ten  bubbles 
passing  through  E  per  minute.  The  following  results  were  obtained. 
(These  results  form  a  preliminary  series  only)  : 

Table  I. 

Time  iu  hours  ...     0         6         12        18        LM        30        ^(\        i'2  48 
Weight  iu  grams  2  uuii    1-990    1-945    1-910    1-697    1-872    1-87U    1-8G7  1-861 
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These  reaiilts  are  shown  in  Fig.  2.  The  hreak  in  the  curve  ot-curs 
considerably  below  the  point  where  the  composition  of  the  mixture 
corresponds  to  lead  suboxide.  This  may  be  accounted  for  by  the  time 
el&psiug  between  the  several  reductions  being  too  long  to  show  the 
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formation  of  the  suboxide  as  an  intermediate  phase  in  the  reduction. 

The  above  experiment  wa-s  repeated,  the  rate  of  circulation  of  the  gas 
W'ing  iccreased  to  about  twenty  bubbles  j>er  minute,  and  the  time  of 
each  reduction  being  reduced  to  three  hours  at  the  commencement 
and  towards  the  end  of  reduction.    When  the  reduction  of  the  oxide 
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to  sobozide  was  almost  eomplete^  a  sborter  period  of  reduction  was 
then  used,  namely,  1^  koon.  The  results  are  given  below : 


Table  II. 


30 
1-861 


Time  io  hoari ...     0         3         G         7^       9         12       IS  21 
Weight  io  gnmA  2  000   1*957   1*939   1-919   1*917   1*913   1'901  1'89G 

Fig.  3  shows  these  results  plotted  as  a  time-reduetion  eurve. 
The  fareak  oocurs  very  dose  to  the  point  at  which  the  composition 
omespoiids  to  that  of  lead  suboxide.   Additional  measurements  of 
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the  rate  ef  xednetion  of  leed  oxide  were  made^  and  in  every  oaee  a 
break  ooeuned  in  the  nei^bourhood  of  the  point  oonesponding  to 
reduction  to  lead  inbozide.  It  is  probable  that  lorfaoe  ehangee  may 

aoooont  for  the  differences  in  the  form  of  the  curves  actually  obtained, 

but  the  curves  all  indicate  a  differeuce  in  velocity  of  the  two  phases  of 
the  reactioD,  namely : 

(1)  PbO  -^Pb,0 

(2)  Vhfi  — >  Pb. 

In  subsequent  experiments,  the  oxides  used  were  all  finely  divided, 
sifted  through  muslin,  and  spread  in  the  boat  so  as  to  form  an  even 
layer  3—4  mm.  deep.  The  rates  of  reduction  were  all  measured 
under  comparable  conditions  as  regards  surface  of  oiudo  exposed^ 
temperatare»  and  rate  of  oircolaiion  of  the  gas. 


The  rate  of  reduction  of  triplumbic  tetroxide  was  next  investigated. 
The  time-reduction  curve  should  show  a  break  at,  or  near,  the  point 


of  Pb,04. 
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corresponding  to  complete  reduction  to  lead  oxide  if  the  rate  of 
reduction  of  triplumbio  tetroxide  to  lead  oxide  is  considerably  faster 
than  the  rate  at  which  lead  oxide  is  reduced  to  lead  suboxide.  A 
preliminary  experiment  was  made,  using  3  grams  of  pure  triplumbio 
tetroxide.  The  results  of  this  ea^»eriment  are  shown  in  Fig.  4,  the 
break  occurring  almost  exactly  at  the  point  where  the  composition  of 
the  mixture  corresponds  to  lead  oxide.  When  the  oxide  was  removed 
from  the  tube  for  the  purpose  of  weighing,  at  this  point,  it  had  the 
characteristic  yellow  colour  of  litharge. 

In  order  more  accurately  to  deUimine  the  first  stages  of  the 
reaction,  a  much  larger  quantity  of  triplumbic  tetroxide  was 
employed,  and  hence  a  greater  number  of  points  in  the  portion  of  the 
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curve  denoting  tiie  i eduction  to  lead    oxide  were  obtained.  The 
change  in  weighb  with  the  time  of  reduction  is  given  below : 

Table  m. 

Time  in  hours   0        8        6        9        12       16       20  2S 

Wdglit  in  giMU...  10-000  0*987  0'867  9*788  9725  9-662  9*620  9-610 

Whfln  these  reeults  wefe  plotted  es  a  tinmrednotion  earre,  it  was 

seen  that  the  break  occurred  considerably  below  the  point  correspond- 
ing to  complete  reduction  to  lead  oxide.  This  is  due  to  the  fact  that 
the  second  phase  of  the  reaction  had  already  set  in,  namely,  that  lead 
oxide  was  being  reduced  to  lead  suboxides  ab  the  same  time  as  the 
triplumbic  tetroxide  was  being  reduced  to  load  oxide.  These  results 
point  to  the  conclusion  that  the  rate  at  which  triplumbic  tetroidde 
is  reduced  to  lead  oxide  is  different  from  the  velocity  with  which  lead 
oxide  is  reduced  to  lead  suboxide.  G laser  (loc.  cit.)  points  out  that 
vhen  lead  oxide  is  reduced  by  hydrogen,  the  reduction  to  lead  sub- 
oade  is  faster  than  the  reduction  of  the  latter  to  metallic  lead,  and 
iMOoe  it  might  be  expected  that  the  triplumbic  tetroxide  would  be  re- 
reduced  fMter  than  lead  oxide  under  similar  conditions,  but  the 
difference  would  not  be  so  marked  as  that  between  lead  oxide  and 
sabozide. 

Oxidation  qf  Iieadt 

Berzelius  stated  that  lead  suboxide  is  formed  when  lead  is  oxidised 
at  a  temperature  below  its  melting  point.  An  attempt  was  made  to 
determiiie  the  rate  of  oxidation  of  lead,  it  being  thought  possible  that 
the  time  oxidation  curve  would  show  a  bretik  at  the  point  where  the 
lead  is  completely  oxidised  to  lead  eaboxide  and  the  latter  begins  to 
be  oxidised  to  lead  oxide. 

For  this  purpose^  1*7395  grams  of  lead,  in  fine  powder,  prepared  by 
reducing  the  oxide,  were  heated  in  a  tube  connected  with  a  mercury 
menoiBeter.  The  tube  was  filled  with  oxygen,  and  the  pfogress  of  the 
roection  followed  by  observing  the  diminution  of  pressure.  The 
msrcury  voce  rapidly  at  first,  and  more  slowly  towards  the  end  of  the 
leaciioii^  the  pcessnre  becoming  constant  in  about  1 J  hours  after  the 
commencement  of  the  oxidation. 

When  the  oxidatioa  was  complete,  the  boat  containing  the  oxide 
was  remoFcd  and  weighed*  It  was  found  that  1*7395  grams  of  lead 
yielded  1-8650  grams  of  lead  oxide,  that  is,  100  parts  of  lead  yield 
107-21  parts  of  lead  oxide,  theory  requiring  107*6.  When  the  results 
of  the  experiment  wore  plotted  on  time-pressure  co-ordinates,  the 
curve  weui  quita  regular,  hyperbolic  in  form,  and  showing  no  break. 
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The  regularity  of  the  carve  leads  to  the  conolunon  that  in  an 
atmosphere  of  pure  oxygen  the  velocity  of  the  reaotion : 

ri.,0  +  0  ^  2PbO 
is  greater  than,  or  at  least  equal  to,  the  velocity  of  the  reaction : 

2Pb  +  0  — ^  Pb,0. 

Heduclion  qf  Cadmiutn  Oxide, 

Taoatar  showed  {Snitch,  anorg,  Ch&m^  1901>  27,432}  that  cadmium 
suboxide,  Cd^O»  is  obtained  by  the  cautious  ignition  of  cadmium  oxalate 
in  a  stream  of  carbon  dioxide.  Oalorimetric  measurements  showed 
that  this  is  not  a  mixture  of  cadmium  oxide  and  cadmiumi  and 
Tanatar  concluded  that  the  heat  of  formation  of  carbon  suboxide  from 
the  oxide  and  metal  was  about  7  OaL  By  ignition  of  the  basic  oxalate 
of  cadmium,  Tanatar  and  Levin  (/.  RfU8,  Phys.  Chem.  Soc,  1902,  34, 
495)  obtained  the  suboxide,  Cd20,  and  they  confirmed  the  constitution 
of  this  compound  by  thcrniochemical  measurements. 

The  first  product  of  the  reduction  of  cadmium  oxide  would 
therefore  bo  the  suboxide,  Cd^O,  and  again  if  the  reaction  : 

CdO  Cd.O 
proceeds  at  a  much  greater  velocity  than  the  reaction  : 

Od,0  Cd, 

then  a  break  should  occur  in  the  time-reducUon  curve  of  cadmium 
oxidee  at  the  point  where  the  composition  of  the  product  corresponds 
to  CdgO.  In  an  experiment,*  2*000  grams  of  pore  cadmium  oxide, 
prepared  by  igniting  the  hydroxide,  were  reduced  at  300**  for  varying 
times  and  the  loss  in  weight  observed  in  Table  IV  shows  the  results 
obtained :] 

Tablb  IV. 

TimoinhottfS   0         8         7         11       13^       18  21 

Weight  in  gnms           2  000  1-964   1-821   l  S6tf  1*368  VSU  1*841 

The  curve  in  Fig.  5  shows  a  distinct  break  at  the  point  comspond- 
ing  to  the  change  in  velocity  o)  reduction  due  to  the  completion  of 
the  reduction  of  cadmium  oxide  to  the  suboxide,  Cd^O,  the  latter  sub* 
sequently  being  reduced  to  cadmium.   ▲  second  break  occurs  in  the 

curve^  which,  however,  is  uncertain  owing  to  the  volatility  of 

cadmium  at  this  temperature  (300°).  At  the  ^conclusion  of  the  last 
reduction,  hexagonal  cry^jtals  oi  caduiium  woro  found  on  the  tube  con- 
taining the  Ijoat. 

*  I  wi^h  to  express  my  tlianks  to  Professor  CampbuU  Brown  for  his  kindness  in 
allowing  me  the  use  of  Im  pui-e  chomicaU. 
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M4duUian  ^  BigmiUh  Oxide, 

Tanatar  {Ztitsch.  anorg.  Chern.,  1901,  27,  437)  obtained  bismuth 
sulfoxide,  BiO,  by  heating  the  basic  oxalate  of  bi8mutb,Bi202(CoO,), 
which  decomposes  completely  into  bismuth  suboxide  and  carbon 
dioxide.     This  chemist  proved  the  constitution  of  this  compoundy 
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which  had  previously  been  described  by  Schneider  {Ann.  Phys.  Cliem.t 
1853,  [ii],  88,  55 ;  J.  j^r.  Cfiem.,  1898,  [ii],  58,  562),  and  its  existence 
denied  by  Vanino  andTreubert  {Ber.,  1898,  31,  1113  ;  1899,  31, 1072, 
1099),  by  showing  that  the  heat  of  solution  of  bismuth  suboxide  in 
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hydrochloric  acid  was  different  from  the  heat  of  solution  of  a  mixture 
of  bismuth  oxide  and  bismuth  having  the  same  composition.  From 
these  mecisurements,  Tanatar  concludes  that  the  heat  of  formation  of 
3  majtfcules  of  bismuth  suboxide  from  1   molerulo  each  of  bismuth 
CDude  and  biamath  is  11*814  Gal.   The  measurements  of  the  rate  of 
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reduction  of  btsmath  oxide  in  carbon  monoxide  show  a  break  in  the 
time-redootion  eurve  vety  ekne  to  the  point  of  oQmpletion  of  the 
reaction: 

BifO,  — >-  2BiO. 
The  fesaltB  are  given  in  table  Y. 

Tadub  V. 

Time  in  hours   0        3        4^       6        9        12  15 

Weight  in  gniQia           8<000  2*934  8*920  2*890     *868  8*8S0  2*881 

The  curve  corresponding  to  these  results  is  shown  in  Fig.  6.  The 
break  in  the  curve  occurs  very  near  the  point  at  which  the  compositton 
of  tho  reduction-produob  oorrespouds  to  bismuth  suboxide. 

Conclusions, 

The  experiments  made  on  the  velocity  of  reduction  of  the  ozidee  of 
lead;  cadmium,  and  bismuth  con6rm  Tanatar's  observations  that  the 
suboxides  of  these  metals  exist,  but  neither  his  researches  nor  the 
forgoing  experiments  show  under  what  conditions  these  intermediate 
suboxides  are  constantly  stable.  When  the  oxides  of  lead,  cadmium, 
and  bismuth  are  reduced  by  carbon  monoxidei  the  suboxides  of  these 
metals  are  formed  as  an  intermediate  phase  in  the  reduction.  The 
observation  of  Tanatar  [loc.  cU.),  that  load  suboxide  decomposes  into  a 
mixture  of  load  and  lead  oxido  when  exposed  to  a  moderately  high 
temperature,  indicates  either  that  tho  lead  suboxide  is  an  unstable 
compound  tending  to  pass  into  two  stable  substances  : 

Pb,0  — ^  Pb+PbO, 

and  that  with  rise  of  temperature  the  velocity  of  this  change  is 
increased,  or  else  that  there  is  a  definite  transitbn-point  existing  at  a 
particular  temperature.  These  points  are  under  investigation  at 
present. 

In  conelnsion,  I  wish  to  express  my  '  best  thanks  to  Professor 
Don  nan  for  his  kind  interest  and  advice  during  the  course  of  this 
research. 

JiCSriUTT  XiAfiOEATORT  OF  PhTSICAL  AND  F.LECTB0*(niSMI8TBT| 

UnivsssiTT  or  Liva&rooL. 
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XVII. — The  Formation  and  Reactions  of  Imino-C(ym' 
■pmrn<l<^.  Part  VI.  The  Formation  of  Derivatives 
of  Hydrindene  from  o-Phenylenedictcetanitrile. 

By  CaAiiLSs  Watson  Moobs  and  Jooeltx  Field  Tho]ip& 

Im  ft  former  communication  (Trans.,  1906,  89,  1916)  attention  was 
drawn  to  the  influence  which  ditTorent  groups  atluclieJ  to  tho  carbon 
atom  adjacent  to  the  carl)imiiio-<:rou[)  in  an  i  mi  no- com  pound 
ejtercised  on  the  stable  form  of  this  group,  and  it  was  mentioned  tliat 
whereas  ethyl  1  : 3-naphthylenediamine-2-carboxylate  (I)  evidently  has 
the  imino-structure,  yet  when  the  carbethoxyl  group  is  replaced  by 
carboxyl  or  by  phenyl  as  in  1  : 3-naphthylcnediamiue-3-carbozylic 
add  (II)  or  2-pheDyl-l  :  3-iiaphthylenediamme  (ILL)  ; 

CELg 

(I.)  (II.)  (III.) 

tbe  stable  form  of  the  compound  evidently  has  tho  araino-structure. 

In  the  present  communication,  we  deal  with  a  series  of  imino- 
compounds  in  which  this  influence  is  very  much  more  clearly  defined 
and  in  which  the  nature  of  tbe  groups  attached  to  the  carbon  atom 
adjacent  to  thd  carbimino-group  materially  affects  the  structure  of  the 
compound. 

The  first  member  of  this  series  of  imino-oompoands  is  /S-imino- 
a-cjanohydrindene  (Y),  which  we  And  can  be  prepared  in  quantitative 
yields  when  o-phenylenediaoetccnitrile  (lY)  is  warmed  in  aluohoUc 
■olation  in  tbe  presenoe  of  a  traoe  of  aodiom  ethoxide : 

(lY.)  (V.) 
The  proof  of  the  oonstitation  of  this  snbetance  is  derived  from  the 
nature  of  the  products  formed  from  it  on  hydrolysis.   Thus  with 

dilute  hydrochloric  acid  it  is  hydrolysed  at  once,  forming  a-cyano- 

yli-h)drindone  (YI),  from  which,  on  treatment  with  cautitic  alkalis, 
o-phenyienediacetic  acid  (VII)  can  bt)  loadily  obtained  : 

(VI.)  (Yll.) 
Koteorery  jS^imino^-ejanohydrindeiie  can  be  hydrolysed  to  the 
▼OL.  XOIIL  M 
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corresponding  acid  (VIII),  which  is  readily  transformed  by  a  method 
describe  in  the  experimental  portion  into  ^hydrindone  (IX)  : 

(VIII.)  (IX.) 
There  can  be  no  doubt  that  the  stable  form  of  /3-imino-a-cyano- 
hydrindene  (V)  has  the  imino-structure.  It  is  a  neutral  substance 
which  does  not  exhibit  the  slightest  tendency  to  combine  with  acids  ; 
moreoTer,  it  is  readily  hydrolysed  by  dilute  mineral  acids  to  the 
corresponding  oxygen  derivative  (VI).  Again,  when  treated  with 
ethyl  alcohol  and  sulphuric  acid,  it  quickly  undergoes  alooholyoa 
and  is  transformed  into  a  substance  which  is  evidently,  for  rftawma 
whieh  will  be  given  later,  3-<7aiio-2-etbox7iDdeDe  (X) : 

•  (X.)  (XI.) 
All  these  leactions  are  oharacteristic  of  the  imino-groap ;  if ,  how- 
0wet,  the  nitrile  group  in  j9-imino-a-eyanohydrittdeae  is  replaoed  by 
the  carbozyl^  carbethozyl,  or  carbozyamino-gnmps,  the  stmettuo  of  the 
noleeule  is  at  once  changed,  and  there  can  be  no  doubt  that  these 
compounds  aie  2-aniinoindene-3*csrboxylic  add  (XI),  ethyl  2-aniino- 
indene-3-carbozylate  (XII),  and  2-aminoindene-3-carbozyaniid0 
(XIII)  respectively : 

(ZII.)  (ZIII.) 
The  proof  of  this  is  as  follows:  2-amincindene-S-«arbozylic  acid 

readily  forms  a  salt  with  concentrated  hydrochloric  acid  which  is 

stable  in  the  presence  of  the  strong  mineral  acid  but  is  dissociated  by 
water.  When  boiled  with  dilute  li}  drochloric  acid,  the  carboxylic  acid 
is  not  hydrolysed  to  the  coi  responding  oxygen  derivative,  but  remains 
unacted  on  until  carbon  dioxide  is  eliminated,  when  hydrolysis  at  once 
ensues  and  jS-hydrindono  is  formed.  When  the  acid  is  boiled  for  some 
time  with  ethyl  alcohol  and  sulphuric  acid,  tho  nitrogen  group  is  not 
eliminated,  but  etherification  alone  takes  place  and  ethyl  2-amiuo- 
indeno-3-carboxylate  (XII)  is  produced.  Prolonged  boiling  with  the 
above  reagents  fails  to  produce  any  change  in  the  nature  of  the 
product.  When  the  acid  is  treated  in  concentrated  hydrochloric  acid 
with  nitrous  acid,  the  whole  of  the  nitrogen  corresponding  with  the 
amino-group  is  eliminated  in  the  free  condition ;  owing,  however,  to  the 
formation  of  ill-defined  by-products,  we  were  unable  to  isolate 
2-bydroxyindene-3-carboxylic  acid  by  means  of  this  reaction.  Ethyl 
2-aminoindene-3-carbozylate  (XII)  also  forms  a  well-defined  salt  with 
hydrochloric  acid  which  is  stable  in  the  presence  of  strong  hydro* 
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acid  \m%  is  diasodated  by  water.  When  boiled  witb  dilate 
hydroeUioric  add  it  is  bjdrolysed  to  tbe  oomBponding  acid  (XI),  bnt 
tlie  nitrogen  group  is  not  eliminated.  When  a  eolation  of  the  ethyl 
salt  in  conceDtrated  hydrochloric  acid  ie  treated  with  nitrous  add,  the 
whole  of  the  nitrogen  corresponding  with  the  amino-group  is  evolved 
in  the  elemental  form,  although  in  this  case  also  the  production  of 
complex  by-products  rendered  it  impossible  for  us  to  isolate  ethyl 
2-hydroxyindene-3-carboxylate.  It  is  probable  that  in  both  these 
i*eactioris  with  nitrous  acid  the  hydrogen  atoms  attached  to  the 
a-carbon  atom  ako  take  part  and  lead  to  the  formation  of  compounds 
of  higher  molecular  complexity  ;  unfortunately,  it  ia  impossible  to  avoid 
the  use  of  excess  of  nitrous  acid,  since  the  whole  of  the  aminic 
nitrogen  is  not  evolved  when  the  theoretical  quantity  is  used. 

All  tbe  above  reactions  clearly  indicate,  therefore,  that  ethyl  2-amino- 
indene-3-carboxylate  and  2-aminoindene*3-€arbozylic  acid  poesess  an 
entirely  different  etrocture  from  /3-imino-a-cyanohydrindene,  and  that 
in  tbe  first  casee  the  aminio  structore  ie  stable  and  in  the  other  the 
iminie;  The  aame  differenoe  ie  alio  shown  by  2-aminoindene- 
S-eerbozyaaiide  (XIII)^  whieh  fonns  a  salt  with  hydroehlorio  add  and 
ie  hydrolysed  by  dilate  minerel  adds  to  2-aniinoindene-3-carbQiylic 
aeid,  the  amino-groop  remaining  nnaltered. 

Tbe  reactions  of  the  oxygen  deriTative  (a-cyano-^-hydiindone)  also 
indicate  that  very  slight  changes  in  the  experimental  conditions 
employed  canse  it  to  react  in  dther  the  ketonic  or  enolio  form. 
«-Cyano>/3-hydrindone  (VI)  reacts  as  a  true  acid,  that  is,  as  3-cyaDo-2- 
hydroxyindene  (XIV),  since  it  is  not  only  readily  soluble  in  aqueous 
solution  of  caustic  .alkalis  and  of  alkaline  c^irbonates,  but  is  quickly 
etherified  by  alkyl  sulphates.  The  salts  thus  produced  are  true 
0-derivatives,  since  on  hydrolysis  they  are  rapidly  reconverted  into 
the  ketone.  Thus,  when  the  ketone  is  treated  with  methyl  sulphate, 
it  is  converted  into  3^yano*2-methoxyindene  (X  V) : 

(XIV.)  (xy.) 

(XVI.) 

and,  when  treated  with  ethyl  alcohol  and  sulphuric  acid,  is  transformed 
into  3-cyano>2-ethoxyindene  (XVI).  Both  these  compounds  are  true 
0-ealts,  since,  on  boiling  for  a  short  time  with  dilute  hydrochloric  acid^ 
they  are  hydrolysed,  forming  the  alcohol  and  a-cyano-/?-hydrindone. 
The  capaei^  of  the  ketone  to  react  in  the  enolic  form  is  also 
ehowB  l^the  iMt  that  it  giree  an  0-bensoyl  derivative  by  the  Baamann- 
gehfltteD  metiiod. 

N  2 
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On  the  other  hand,  a-cyano-ZS^hydrindone  reacts  as  a  tme  ketone 
in  that  it  forms  a  well-defined  phenylhydraxonet  and,  when  methylated 
with  sodiom  methozide  and  methyl  iodide,  leads  to  the  formation  of 
the  (7-methyl  derivative^  a-cyano^-methyl-^S-hydrindone  (XYII) : 

^•^«^Me(CN)>^^  ^•^^^^^^Cnke^jH* 
(XYII.)  (XTIIL)  ' 

Unfortunately  for  the  purposes  of  direct  comparison,  we  have  been 
unable  to  obtain  this  compound  in  a  solid  condition.   It  is  a  liquid 

which  boils  at  187^  (25  mm.),  that  is  to  say,  S°  lower  than  the 
O-mothyl  derivative,  which  boils  at  195°  (25  mm.).  Its  constitution 
ia  clearly  proved  by  tlie  fact  that,  on  hydrolysis  wiih  alcoholic  potasli, 
it  is  completely  transformed  into  ophenyleneaceticpropionic  acid 
(XVIII),  and  its  ketouic  nature  is  also  shown  by  the  formation  of  a 
weli-detined  phenyl  hydrazone  with  phenylhydrazine. 

The  formation  of  the  C-methyl  derivative  in  the  above  resiction  is 
complete,  and  no  trace  of  the  0-niethyl  derivative  could  be  detected 
accompanying  it.  It  is  therefore  remarkable  that  ethylation  with  sodium 
ethoxide  and  ethyl  iodide  in  ethyl-alcoholic  solution  should  lead  to  the 
formation  of  the  0-ethyl  derivative,  3-cyano-2-ethoxyindene  (XVI), 
and  that  none  of  the  C-ethyl  derivative  could  be  isolated  from  the 
product.  The  compound  formed  in  this  reaction  is  identical  with  that 
which  is  derived  from  a«oyano*/3>hydrindone  on .  treatment  with  ethyl 
alcohol  and  sulphuric  acid,  since  it  not  only  possesses  the  same  melting 
point  and  crystalline  form  as  this  substance,  but  on  hydrolysis  is 
readily  transformed  into  ethyl  alcohol  and  a-c3rano-^-hydrindone. 
Several  experiments  were  tried  with  the  hope  of  inducing  the  ethyl 
group  to  enter  at  the  carbon  atom,  but  without  success.  Forezample» 
it  was  found  that  the  sodium  salt  of  a-cyano-jS-hydrindone  was  very 
insoluble  in  both  methyl  and  ethyl  alcohol,  and  it  was  thought  that  the 
formation  of  the  0-derivative  from  the  sodium  salt  and  ethyl  iodide 
might  have  been  due  to  a  '*  constrained  reaction  "  (compare  WisUoenns, 
Mrmu-SamnUuiigf  1897,  249),  but  on  treating  the  very  adnble  potase* 
inm  salt  with  ethyl  iodide  under  the  same  conditions,  pieeiasly  the 
same  result  was  obtained,  and  the  0-ethyl  derivative  was  the  sole 
product  formed.  Moreover,  when  the  sparingly  soluble  sodinm  salt  of 
the  ketone  was  treated  with  methyl  iodide  the  C-methyl  derivative 
was  alone  formed,  and  no  trace  of  the  0-methyl  derivative  ooold 
be  isolated. 

It  is  difficult  to  account  for  this  remarkable  difference  in 
behaviour  unless  it  is  as^umel^  that  it  constitutes  an  instance  of 
storic  hiiidrance,  and  that  tiio  spacial  relations  of  the  atoms  do  not 
permit  of  groups  of  more  than  a  certain  size  attaching  themselves 
to  the  a-carbon  atom.    Arguing  on  this  assumption,  it  would  seem 
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to  sapply  an  explanation  for  the  remarkable  fact  that  each  die- 
amilar  groaps  as  carbozyl  and  oeiiiethozyl  bring  about  the  same 
ehango  in  the  molecule  <d  /8-iminohydrindene,  and  cause  the  com- 
poand  to  react  m  the  amino-form. 

Reviewing  the  evidence  in  thia  ligh<^  it  will  be  seen  that  the  follow- 
ing groups,  when  attached  to  the  a-carbon  atom  of  ^-hydrindone  or  its 
imino-derivative^  render  the  single  bond  between  the  a>  and  ^-carbon 
stomi  stable  or  unstable : 

Stable.  Unstahlp. 
H      CN  H  CO-NH, 

Me     ON  H  CO,H 

£t  CN 
H  GO^Et 

Arguing  on  the  assumption  that  it  is  the  molecular  weights  or 
a  function  of  the  molecular  weights  of  the  groups  in  the  second  list 
which  render  it  impossible  for  them  to  attach  themselves  to  the 
a-cnrbon  atom,  it  will  ho  seen  that  the  limit  of  stahility  is  probably 
reached  with  the  groups  Me  and  ON,  since  the  molecular  weight  of 
the^e  groups  (41)  is  only  four  units  less  than  of  the  groups  H  and 
CO'NH,  (45).  Experiments  are  now  in  progress  which  it  is  hoped 
will  throw  further  light  on  this  point,  for  if  the  above  view  is  correct, 
then  the  alfcylation  of  ^-hydrindone  will  take  place  at  the  carbon 
atom  until  an  alkyl  group  such  as  butyl  is  introduced,  when  alkylation 
will  take  place  at  the  oxygen. 

It  should  be  mentioned  that,  although  when  the  groups  H  ^nd  CN  are 
atledied  to  the  a-carbon  atom  as  in  /9>imino-a-cyanohydrindene  and  a- 
eyano-/8-hydrindone  the  compound  resets  both  as  a  ketone  and  hydroxy- 
dcrivaliTe  or  as  an  amine  or  imine,  yet,  when  the  aminic  structure  is 
staUe^  as  in  ethyl  2-aminoindene«3-carboxyIate,  2<aminoindene-3- 
csiboxylic  acid  and  2-aminoindene-3-csrboxyamide,  there  is  not  the 
slightest  endeoce  that  they  can  react  in  the  iminic  form,  and  it  is 
highly  improbable  that  these  compounds  are  capable  of  exhibi^g 
tautomerism. 

It  may  also  be  mentioned  that  the  name  steric  hindrance  is  hardly 
a  satisfactory  term  to  apply  to  a  phenomenon  of  this  type,  since 
hindrance  implies  merely  temporary  opposition.  There  are,  however, 
many  caFes,  such  as,  for  example,  the  non-formation  of  tetraplienyl- 
methane,  in  which  the  formation  of  the  compound  is  not  merely 
hindered  but  inhibited  by  steric  conditions.  To  these  reactions,  of 
which  we  believe  the  experiments  described  in  the  present  paper  are 
instances,  the  term  steric  inhibition  would  be  better  applied. 

^S'lmioo-a-cyanohydrindene  does  not  form  a  sodium  derivative  with 
sodtom  ethoside^  and  cannot,  theref oroi  be  alkylated  by  this  means,  ^ 
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The  fact  is  intGr©8tinp  beranse  it  has  boon  phown  (Tran8.»  1906j  QB, 
1912)  that  ethyl  /3-imino-a-cyano-y  phenylbutyrate, 

PhCHj*-C(:NH)-CH(CN)-C03Et, 
is  alkyUted  with  great  difficulty,  and  that  only  after  Mvwal  treat- 
ments with  sodinm  $thoxide  and  an  alkyl  iodide  can  one  of  the 
hydrogen  atoms  marked  {*)  be  replaced  by  alkyl.  It  is  evident, 
therefore,  that  ring  formation  in  the  orthO'poeition  entirely  destroys 
the  capaeity  of  the  methyleae  groap  adjaoent  to  the  imino-groap  for 
forming  a  sodinm  derivative.  The  question  therefore  arises^  what  is 
the  mechanism  of  the  reaction  by  which  j8-imino^-oyanohydrindene  is 
formed  from  o-phenylenediacetoniirilet  The  formation  is,  as  has  been 
already  mentioned,  quantitative,  and  takes  plaoe  with  remarkable  ease 
in  the  pxesenoe  of  a  trace  of  sodinm  ethozida  The  actnal  quantity  of 
sodinm  ethoxide  which  is  snffieient  and  the  rate  of  the  reaction  have 
not  as  yet  been  determined,  but  Mr.  A.  Holt,  jun.,  has  signified  his 
intention  of  working  out  these  questions  in  the  near  future.  For 
the  purposes  of  the  preparation  it  was  found  that  0*1  gram  of  sodium 
ethozide  would  convert  10  grams  of  o-phenytenediacetonitrile  into 
10  grams  of  /3-iinino-a-cyanobydrindene  in  the  course  of  one  hour 
at  80°. 

Moreover,  the  preseiuu  of  sodium  ethoxide  is  essential  to  the 
formation  of  the  hydrindene  derivative,  since,  when  an  attempt  was 
made  to  produce  it  by  E.  v.  Meyer's  method  for  preparing  imino- 
nitriles,  that  is  by  treating  a  solution  of  the  dinitrile  in  ether  with 
metallic  sodium,  no  trace  could  be  isolated  when  the  ether  had  been 
previously  carefully  freed  from  the  last  traces  of  alcohol,  although 
when  very  small  quantities  of  alcohol  were  added  to  the  ether  the 
formation  readily  took  place. 

The  reaction  is,  we  consider,  an  instance  of  true  catalypis  in  which 
sodium  ethoxide  plays  the  part  of  a  catalyst  probably  in  accordance 
with  the  scheme 

C,H,<^^2^^^p>c:NH  +  NaOBt. 

Attempts  made  to  isolate  the  intermediate  imino-ether  have  so  far 
been  unsuoceBsful  because,  even  at  low  temperaturoF,  the  elimination 
of  alcohol  takes  place  at  once  with  the  formation  of  the  hydrindene 
ring ;  it  is  probable  that  its  existence  is  only  momentary. 

It  has  always  seemed  likely  to  us  that  the  formation  of  imino- 
nitriles  could  be  better  represented  by  a  catalytic  action  such  as  the 
above  rather  than  by  the  equation  previously  suggested  (Trans.,  1906, 
89,  1906),  but  no  direct  evidence  could  be  obtained  on  thb  pcnnt 
because  the  imino-nttriles  prepared  by  ua  up  to  the  present  have 
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all  been  capable  of  reacting  with  sodium  ethozide  to  form  a  sodium 
derivative,  and  henoe  the  catalyst  in  these  cases  has  been  rapidly 
destroyed*  It  is  proposed  to  institute  experiments  with  the  object  of 
ascertaining  whether  imino-nitriles  which  do  not  react  with  sodium 
ethoxide  can  be  formed  by  the  action  of  sodinm  on  a  solution  of  the 
nitiile  in  ether  which  haa  been  entirely  freed  from  alcohol,  and  it  is 
abo  hoped  that  by  the  aid  of  the  above  reaction  with  eodiom  ethozide 
valnabla  evidence  conceming  ring  formation  will  be  obtained  by  the 
production  of  aUcyclic  compounds  from  straight  chain  dinitriles. 

In  a  former  commonioation  (Trsns.,  1907»  91, 684),  it  was  snggested 
that  the  formation  of  ethyl  l:3-naphtbylenediamine-2-carboa7latefrom 
ethyl  ^3>imino*a-cyano-y-phenylbutyrate  by  the  action  of  cold  concen* 
trated  sulphuric  acid  could  be  best  explained  on  the  assumption  that 
the  nitrile  first  formed  an  additive  product  with  one  molecule  of 
sulphuric  acid,  and  that  sulphuric  acid  was  theu  eliminated  from  the 
hydrogen  atom  in  the  ortho-position  in  the  benzene  ring;  the 
naphthalene  derivative  being  formed  thus  : 

CHj  CH2 

SNH  /^r'^CrNH 

6s  c{so.h):nh 

OH, 

c:nh 

It  was  also  mentioned  that  in  all  probability  the  explanation  of  the 
formation  of  an  add  amide  by  diBSolving  a  nitrile  in  coneentfated 
sulphuric  add  and  pouring  the  product  into  water  is  of  the  same 
kind: 

R-ON+HgSO^  — R-C(S0,H):NH  R«C(0H):NH  or  R*00-NHy 
Z  A.  good  instance  of  the  formation  of  an  amide  in  this  way  is  given 
in  the  prei<ent  paper,  for  wheno-phenylenediacetonitrile  is  dissolTcd  in 
concentrated  sulphuric  add  and  the  product  is'poured  into  water,  the 

amide  is  produced  in  almost  quantitative  yield : 

Since  the  amide  is  completely  converted  into  o-phenyloDcdiacetic 
acid  on  warming  with  potash,  this  method  is  probably  the  best  for 
preparing  this  acid  in  quantity. 

During  a  conversation  with  Dr.  F.  £.  Matthews  on  this  subject,  he 
mentioned  that  bis  experiments  with  certain  nitrilo^i  pointed  to  the 
IcrmattOD  of  an  additive  product  from  one  molecule  of  the  nitrile 
and  two  of  sulphuric  acid,  but  at  that  time  the  compounds  investigated 
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by  us  furnished  do  evidence  of  the  formation  of  this  double  additive 
product,  for  although  the  formation  of  the  amide  could  be  readily 
explained  by  its  means : 


this  kind  oould  lead  to  the  production  of  the  naphthalene  ring  in  the 
manner  described  above. 

j8-Imino-«-cyanohydrindencr  is,  however,  a  oompoond  which  without 
doubt  forms  an  additive  product  with  two  molecules  of  sulphuric  acid, 
and  we  ace  indebted  to  Dr.  Matthews  for  a  suggestion  which  has 
enabled  us  to  explain  the  curious  behaviour  of  this  imino-nitrUe  with 
concentrated  sulphuric  add. 

For  some  time  considerable  difficulty  was  experienced  in  hydrolysing 
the  nitrile  group  of  ^-imxno-a-cyanohydrindene  without  either  breaking 
the  hydiindene  ring  or  causing  the  formation  of  products  of  higher 
molecular  weight.  As  already  stated,  the  imino-nttrile  is  readily 
hjdroljsed  by  dilute  mineral  acids,  forming  a-cyano-jS-hydrindone,  but 
when  the  action  of  the  hydrolysing  agent  is  prolonged,  the  ketone 
condenseswith  itself  and  a  derivative  of  bishydrindene  is  formed.  When 
either  the  ketone  or  the  imiDo-compound  is  treated  witli  alkaline 
hydrolysing  agents,  the  disruption  of  the  indenering  is  rapidly  effected 
and  o-phenylcnediacetic  acid  is  the  sole  product.  An  attempt  was 
therefore  mado  to  prepare  the  amide  from  jS-imino-a-cyanohydrindene 
by  disfcolving  it  in  concentrated  sulphuric  acid  aud  pouring  the  product 
into  water.  It  was  found  that  the  imino-nitrilo  readily  reacted  with 
the  strong  acid,  and  that  after  leaving  f(n-  half  an  hour  a  clear  solution 
could  be  obtained  on  pouring  a  test  portion  into  water.  The  sulphuric 
acid  solution  was  therefore  poured  on  ice,  when  the  solid  which  iseparated 
was  found  to  consist  almost  entirely  of  the  carboxylic  acid  and  to  con- 
tain only  a  small  quantity  (about  2  per  cent.)  of  the  amide.  We  con- 
sider  that  the  formation  of  the  acid  in  this  manner  is  due  to  the  pro- 
duction of  an  additive  product  of  the  imino-nitrile  with  two  molecules 
of  sulphuric  acid  which  subsequently  reacts  with  water,  forming  the 
ammonium  salt  of  the  acid,  thus : 


*  Those  fonnulo  are  writtm  ia  the  iminie  form  for  the  sake  of  cleamesB.  The 
compotmda,  of  eourse,  have  the  aminic  atractiire. 


'«^*'^CH[C(SO,H)2-NH2] 


>c:nh 
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This  ammonium  salt  is  then  at  once  decomposed  hj  the  free  sulphuric 
acid  preseati  jieldiDg  the  free  carbozylic  acid. 

It  is,  of  course,  evident  that  the  product  formed  by  water  on  the  sul- 
phorio  acid  additive  produot  may  either  pass  by  rearrangement  into 
the  ammoDium  salt  or  may  eliminate  water  and  pass  into  the  amide, 
and  it  is  possible  that  the  small  quantity  of  amide  produced  in  the 
above  reaction  may  have  been  formed  in  this  way,  but  for  certain 
reasons  we  are  indined  to  think  that  its  formation  is  due  to  the  partial 
pvodoetioii  of  a  mono-additive  product  which  reacts  with  water  in  the 
maimer  just  indicated.  There  is  at  present  no  direct  evidence  for  this^ 
but  it  is  rendered  probable,  because  if  the  time  during  which  the  action 
of  concentrated  sulphuric  acid  is  continued  is  less  than  that  mentioned 
above,  a  larger  mount  of  the  amide  is  formed.  It  is  reasonable  to 
suppose  that  the  formation  of  a  mono-additive  product  in  every  case 
precedes  the  formation  of  tho  di-additive  product. 

When  the  concentrated  sulphuric  acid  solution  of  the  imino-nitrile  is 
poured  into  well  cooled  absolute  alcohol,  the  product  is  the  same  as 
with  water,  ethyl  hydrogen  sulphate  being  produced  in  accordance 
with  the  scheme : 

No  trace  of  the  ethyl  salt  of  the  carboxylic  acid  is  formed  in  this  re- 
action, and  in  order  to  produce  this  substance  the  ethyl -alcoholic  solu- 
tion containing  ethyl  hydrogen  sulphate  must  be  heated  for  some 
considerable  time  on  the  water-bath. 

As  already  mentioned,  2-aminoindene-3^rboxylio  acid  passes  into 
j^hydrindone  on  distilling  a  solution  of  it  in  dilute  solphurie  acid 
with  steam: 


The  hydrolytis  of  the  nitrogen  group  takes  places  as  90on  as  and  not 
until  carbon  dioxide  is  eliminated,  and  it  is  therefore  probable  that  ^• 
iminohydrindene  (XIX)  is  a  true  imino-compound.  Unfortunately,  we 
have  been  unable  to  isolate  this  substance,  for  when  the  reactions  which 
sbouM  give  it,  such  as  the  elimination  of  caibon  dioxide  from  the 
carboxylic  acid  by  heat,  are  tried,  only  compounds  formed  by  intra- 
molecular condensation  are  produced.  But  that  it  is  a  true  imino- 
compound  readily  hydrolysable  by  acids  can  be  inferred  by  tlio  produc- 
tion of  ^-hydrindone  from  /^  nitroindene,  which,  as  Wallach  has  shown 
(AnnaUn,  1904,  336,  1),  can  be  ejected  by  reduction  and  hydrolysis. 
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^-Hydrindone  has  been  prepared  by  Schad  (Ber.,  1893, 26,  232)  and 
Benedikt  {AnnaUn,  1893,  275,  353)  by  the  dutillation  of  the  calciam 
ealt  of  o-pheDylenediaoetie  acid;  by  Hensleraiid  Schieffer  (Ber.^  1899, 
32,  30)  from  the  indene  of  coal-tar,  and  more  recently  by  Wallach  in 

the  manner  mentioned  above.  It  id  described  as  a  white,  crystalline 
substance  which  rapidly  changes  on  exposure  to  the  air  to  a  brown 
resin.  /?-Hydrindono  prepared  by  our  method  exliibits  no  tendency  to 
decompose,  and  ha<s  been  kept  for  many  months  without  showing  any 
signs  of  change.  It  is  probable,  therefore,  that  by  our  method  of  pre- 
paration some  impurity  has  been  removed  which  always  accompanied 
^hydrindone  when  prepared  by  t)ie  methods  quoted. 

All  the  derivatives  of  /3-hydrindone  and  its  imide  described  in  this 
paper  possess  one  characteristic  reaction  in  common.  When  a  trace 
is  added  to  concentrated  sulphuric  acid  a  brilliant  blue  solution  is  pro- 
duced. This  colour  is  discharged  on  adding  a  further  quantity  of  the 
hydrindene  derivative»but  on  adding  the  colourless  solution  thus  formed 
to  a  further  quantity  of  snlpharic  add,  the  blue  coloar  la  again 
produced. 

It  was  ultimately  found  thali  when  the  oonoentrated  sulphuric  aoid  had 
been  carefully  purified  nooolour  was  produced,  but  that  unmediately  a 
trace  of  an  oxidising  agent  such  as  nitric  add  was  added  it  was  at  once 
formed.  It  is  very  difficult  to  obtain  sulphuric  add  whidi  doea  not 
give  this  reaction,  the  pure  commercial  add  giving  it  to  a  very  marked 
degree.  When  very  pure  sulphuric  add  whioh  has  been  found  not  to 
give  the  colour  is  mixed  with  a  trace  of  selenic  aoid,  the  blue  cdour 
formed  is  very  intense. 

Neither  the  a-  nor  ^-hydrindone  has,  so  far  as  we  are  aware,  been 
observed  to  oxidise  to  the  double  molecule  analogous  to  the  forma- 
tion of  indigo  from  indoxyl,  and  it  is  therefore  of  interest  to  note  that 
j8-imino-a  cyanohydrindene  readily  undergoes  this  transformation. 
When  a  solution  of  this  substance  in  alcoholic  potash  is  shaken 
in  the  air,  it  rapidly  becomes  intensely  purple,  ammonia  at  the  same 
time  being  eliminated.  On  standing,  the  solution  depodts  crystals  of 
a  potassium  salt  of  the  formula : 


whioh  dissolve  in  hot  water,  forming  anintensdy  bluish-purple  solution 
from  which  wool  can  be  dyed  a  ridi  shade  of  purple.  On  treating  the 
aqueous  solution  of  the  potasdum  salt  with  adds,  the  free  hydro3[yl 
compound  is  produced  as  a  red  amorphous  predpitate.  It  is,  however, 
insoluble  in  all  8olvents»and  has  not  been  obtained  in  a  crystalline 
state.  - 
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Experimental. 

The  preparation  of  ojoj'-Jibromo-o-xylone  was  effected  in  the  manner 
described  in  a  previous  paper  (Traus.,  1C)07,  91,  1»'»95),  and  it  was 
converted  into  the  dinitrile  by  the  aid  of  potassium  cyanide  in  dihite 
alcoholic  solution.  The  method  adopted  was  as  follows,  the  operation 
being  conducted  in  the  open  air,  since  oMu'-dibromo-o-xylene  has  a  most 
painful  effect  on  the  eyes.  About  10  percent,  more  than  the  theoretical 
quantity  of  potassium  cyanide  was  dissolved  in  as  little  water  as 
posisible,  and  then  mixed  with  three  times  its  volume  of  ethyl  alcohol. 
Alter  the  mixture  had  been  raised  to  the  boiling  point,  the  finelj- 
groand  bromo-compound  was  added  in  small  portions  at  a  time  in  smsh 
a  manner  that  the  heat  of  the  reaction  kept  the  liquid  at  the  boiling 
point.  When  all  had  been  addedf  the  mixture  was  allowed  to  stand 
for  half  an  hour,  when  it  was  diluted  with  watar,  and  the  oil  which 
was  then  precipitated  eztvaeted  with  ether.  After  drying,  the  ethereal 
extract  was  evaporated  to  a  small  bulk  and  allowed  to  stand,  when 
erystals  of  the  dinitrile  slowly  sepsrated.  These  were  oollected  and 
lecrjstallised  from  alcohol,  the  dark-coloured  oil  which  was  obtained 
on  erapOFating  the  ethereal  mother-liquor  yielding  a  fnrth^  quantity 
of  crystals  on  being  mixed  with  an  equal  volame  of  alcohol.  Pure 
o-phenylenediaoetonitrile  melts  at  60°. 

When  fr-phenylenediaoetonitrile  is  recrystallised  from  either  methyl 
or  ethyl  alcohol,  but  best  from  the  former,  it  can  be  obtained  in  two 
forms,  one  of  which  separates  at  temperatures  below  18^,  the  other  at 
temperatures  al>ove  this  point.  The  modification  separating  at  the 
lower  temperature  which  consists  of  needles  is  unstable,  and  almost 
immediately  pas.ses  into  the  stable  or  prismatic  form.  At  the  same 
time  there  is  evidently  a  considerable  change  in  volume,  since  each 
nee^lle  on  passing  into  the  prismatic  form  breaks  up  with  a  loud  report, 
which,  if  the  ru^edles  have  grown  to  any  size,  is  almost  explosive. 
This  property  is  best  shown  by  melting  about  a  gram  of  the  dinitrile 
under  light  petroleum  (b.  p.  80 — 90°),  in  which  it  is  almost  insoluble, 
and  then  rapidly  cooling  below  10°.  On  touching,  the  oil  will  solidify 
in  the  labile  form,  which  will  almost  immediately  pass  into  the  stable 
variety,  the  change  being  accompanied  by  a  loud  explosion,  which,  in 
one  or  two  experiments,  shattered  the  test  tobe. 

Mmrmaiiano/O'^pkmjfleMdiaetk^^       O'phenyUMdiaeetU  add  from 

O'phgnylmudiaeeUmUriU. 

The  transformation  of  o-phenylenediacetonitrile  into  o-phenylene- 
diacetamide  may  be  readily  effected  by  the  aid  of  ooncentrated 
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salphuric  ncid,  the  following  conditions  being  found  most 
aoitable.  The  dinitrile  was  slowly  added  to  five  times  its  weight  of 
ooncentrated  sulphuric  acid,  and  the  eolation,  which  became  wami» 
allowed  to  etaad  at  the  ordinary  temperature  until  a  test  portion^  on 
being  diluted  with  water,  showed  no  deposition  of  oiL  The  whole  was 
then  poured  into  water,  and  the  dear  solution  made  alkaline  with 
ammonia,  when  the  formation  of  ammonium  sulphate  in  the  solution 
caused  the  diamide  to  be  completely  precipitated.  It  was  collected  by 
filtration  and  crystallised  from  water,  from  which  solvent  it  separated 
in  long,  silky  needles,  resembling  asbestos,  melting  at  198^ : 

0-1532  gave  0-3501  CO^  and  0  0889  H2O.    C  =  6-2-30;  H  =  6  44. 
CJQHJ2O2N2  requires  C  =  62  5  ;  11  =  6*2  per  cent. 

o  Pheyxi/hnediacttamide  is  very  sparingly  soluble  in  alcohol,  and  is 
readily  hydrolysed  by  aqueous  solutions  of  caustic  alkalis.  It  was 
completely  converted  into  o-phenylenediacettc  acid  by  boiling  with  excess 
of  caustic  potash  solution  until  the  evolution  of  ammonia  had  ceasedi 
and  then  acidifying  the  solution  with  hydrochloric  acid.  Theacidwas 
extracted  by  ether,  the  ethereal  extract  dried  and  evaporated,  the 
residue,  which  olidified  on  cooling,  being  crystallised  from  water. 
o-Phenylenediaoetie  add  prepared  in  this  way  showed  the  correct 
mdting  point,  namdy,  150° : 

0-2018  gave  0*4553  00,  and  0*0905  H,0.  0-61*70 ;  H-4-99. 

CioHjoO^  requires  0  —  61 '8;  H— 6*1  percent. 

The  yield  of  the  acid  from  ophenylenediaoetonitrile  by  this  process 
is  90  per  cent,  of  the  theory. 


In  order  to  prepare  this  substance,  10  grams  of  o-phenylenediaoeto- 
nitrile  were  dissolved  in  40  c.c.  of  ethyl  alcohol  and  introduced  into  a 
flask  fitted  with  a  reflux  condenser,  the  apparatus  being  so  devised 
that  a  current  of  dry  hydrogen  could  be  driven  through  the  flask 

throughout  the  operation.  The  alcoholic  solution  was  then  heated  to 
boiling  on  the  water-bath,  and  1  c.c.  of  a  polution  of  one  gram  of 
sodium  dissolved  iu  10  c.c.  of  alcohol  added  through  the  condenser. 
On  adding  the  sodium  ethoxide  the  solution  became  at  once  yellow, 
the  yellow  colour  increasing  in  intensity  as  the  reaction  progressed. 
After  one  hour  of  gentle  boiling,  the  oontonts  of  the  flask  were  allowed 
to  cool,  when  yellow  prisms  separated  which  wore  collected,  washed  and 
dried.  The  compound  prepared  in  this  way  was  almost  pure,  the  yield 
being  practically  quantitative.  It  was  purified  for  analysis  by  re- 
crystalUsation  from  hot  alcohol,  from  which  solvent  it  separated  in 
prisms,  usually  slightly  yellow,  which  melted  at  193°: 
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0  1548  gave  0-4381  CO,  and  00718  H^O.    0  =  77*18;  H  =  5  15. 
0-2072         31-8  C.C.  of  nitrogen  at  18^  and  757  mm.    N«  17-67. 
G|oH«N,  reqnirae  0-76*9 ;  H-61 ;  N-17  9  per  oent. 

The  yellow  colour  of  (i  imino-a-cyanohydriudeiie  is  evidently  due  to 
the  presence  of  traces  of  impurity,  since  on  repeated  crystallisation  it 
can  be  obtained  almost  colourless.  The  imino-nitrile  sublimes  when 
heated,  and  does  not  form  a  sodium  compound  with  sodium  ethoxide. 
It  is  readily  soluble  in  hot  alcohol,  sparingly  so  in  cold  alcohol  or  benz- 
ene, and  practically  insoluble  in  water.  Its  alcoholic  solution  gives  no 
colour  with  ferric  chloride,  but  when  a  small  quantity  of  the  solid  is 
dissolved  in  concentrated  sulphuric  acid  containing  a  trace  of  an 
oxidising  agent,  a  fine  blue  coloration  is  produced.  This  reaction  is 
beet  seen  with  stUphoric  add  oontainiDg  a  trace  of  selenic  acid. 
Indeed,  it  is  a  matter  of  some  difficulty  to  obtain  sulphoric  acid  which 
does  not  give  this  reaction.  Ordinary  sulphuric  acid  gives  it  at  once, 
and  even  after  careful  distillation  a  faint  colour  is  produced. 

The  jaiiswylftyirttSKWM. — '/3-Imino-a-cyanohydrindene  reacts  slowly 
when  boiled  in  aoetie  acid  solution  with  phenylhydradne  aoetate,  and, 
on  cooling,  yellow  crystals  are  deposited  whicdi  when  crystallised  from 
aJeohol  yield  pale  yellow  plates  which  melt  and  decompose  at  187^ : 

0*1643  gave  24-2  c.c.  of  nitrogen  at  IG""  and  762  mm.    N«  17*21. 
CifHigNg  requires  N  - 17  0  per  cent 

Tins  compound  is  evidently  the  same  as  that  produced  by  the  action 
of  phenylbydrazine  on  a-cyano-^-hydrindone  (see  later). 

CemMTftMs  of  fi4muiO'm^jfam(AydrnideM  into  3-cyomo>2-e<to;ytn(i0ns. 

This  conversion  was  effected  by  dissolving  the  imino-compound  in 
ethyl  alcohol,  adding  one-third  of  the  volume  of  concentrated  sulphuric 
acid,  and,  after  boiling  the  solution  on  the  water-bath  for  twenty 
minutes,  allowing  it  to  stand  for  twelve  hours.  At  the  end  of  this 
time  the  product  was  poured  into  water,  the  solid  then  formed  filtered 
and  crystallised  from  alcohoL  In  this  way,  colourless  needles  were 
obtained  melting  at  84'' : 

0-S636  gave  0  7516  00,  and  01450  H,0.  0-77*76 ;  H-61. 
0*2090   „    14*3  0.0.  of  nitrogen  at  14^  and  746  mm.   N  «  7*9. 

C^jH^jON  requires  0  =  77  8 ;  H  =  6-9  ;  N-7*6  per  cent. 

This  compound  is  evidently  the  same  as  that  produced  by  the  ethyl- 
atica  of  a-^ano-j8-hydrindone  (see  later). 
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The  oxidation  of  jS-tmino-a-cyanohydrindene  to  the  potaaaiam  ttlt  of 
the  above  aubstaaoe  effect  ed  in  the  following  way  :  Five  grams  of 
the  imiiio^ompound  were  dissolved  in  aloohol  containing  rather  more 
than  one  equivalent  of  potash.  After  the  eolation  had  been  warmed 
to  50®,  air  was  drawn  through  it  until  a  test  portion,  on  dilution  with 
water,  gave  no  precipitate  of  unchanged  imino^oompound.  The  deep 
purple  solution  was  allowed  to  stand,  when  crjstals  of  the  potamum 
salt  slowly  separated.  These  were  oolleoted,  washed  with  cold  water 
and  dried,  yielding  slender,  deep  bine  needles  with  faint  copper  reflex : 

0*2471  gave  0-1112  K^^.  K-20*12. 

CjoHgO^NjKj  requires  K  —  20*20  per  cent. 

The  potassium  salt  is  insoluble  in  cold  water,  but  readily  dissolves 
on  boiling.  The  deep  purple  solution  thus  obtained  deposits  the 
crystalline  salt  completely  on  cooling,  but  in  hot  solution  can  be  used 
for  the  purpose  of  dyeing  wool.  The  aijimonium  and  sodium  salts 
show  a  greater  degree  of  solubility  in  water. 

The  free  acid  is  depositeJ  as  a  red,  amorphous  precipitate  on  adding 
hydrochloric  acid  to  a  solution  of  the  above  potassium  salt.  It  is 
insoluble  in  all  the  usual  solvents,  and  therefore  for  the  purposes  oi 
analysis  the  precipitated  acid  was  washed  and  dried  : 

0-2317  gave  0  6560  CO,  and  0  0690  H,0.   C  »  77*22 ;  H  •  3*31. 
CiqHipO^N,  requires  0  «  77*4 ;  H  •  8*2  per  cent. 

When  heated  the  compound  partly  8ublimea»  but  for  the  most  part 
chars  without  melting.  It  is  readily  soluble  in  alkali  carbonates  and 
caustic  alkalis,  forming  the  highly  coloured  alkali  salts  just  deacrtbed. 


This  substance  was  prepared  in  the  following  way  :  Ten  grams  of 
j8-imino-a*cyanohydrindene  were  mixed  with  200  c.c.  of  water  to  which 
50  CO.  of  concentrated  hydroohlorie  acid  bad  been  added,  and  the 
mixture  boiled  until  a  test  portion  was  completely  soluble  in  dilute 
sodium  carbonate  sol  at  ion,  an  operation  which  usually  required  from  ten 
to  fifteen  minutes*  The  mixture  was  then  cooled  and  extracted  three 
times  with  ether,  the  yellow  ethereal  solution  being  subsequently 
thoroughly  shaken  with  dilute  aqueous  sodium  carbonate^  whereby  the 
odourless  ketone  was  completely  extraoted>  leaving  the  yellow 
impurities  diseolved  in  the  ether.   The  ketone  was  ^eeipitated  on 
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adding  acid  to  the  sodiam  carbonate  solution,  and  was  purified  hj 
reeryetalKflation  frc»u  dilate  alcohol,  when  it  was  obtained  in  oolonrless 
plates  melting  at  172**  with  decomposition.  The  compound  also 
oystallises  well  from  gladsl  acetic  add : 

0-3704  gave  10316  CO2  and  0  1509  H.O.    0  =  75  95  ;  H  =  4-49. 
0*1990  gave  15  6  c.c.  of  nitrogen  at  Id""  and  772  mm.    N  =  9'2. 
G|9HfONre(|uiresC  =  76'4;  H»4-5i  N»8  9  percent. 

••CytmO'fi'hffdnndonB  is  readily  soluble  in  alkali  carbonates.  When 
a  small  quantity  is  added  to  concentrated  sulphurio  acid  containing  a 
trsce  of  an  oxidising  agent,  a  deep  blue  solution  is  produced  similar  to 
that  formed  with  the  imino-compoond.  The  ketone  gives  a  green 
colour  with  ferric  chloride,  but  its  solution  in  alcoholic  potash  does  not 
oxidise  in  the  air. 

The  pkenf/lhi/drazone,  Cj^HjgN^,  is  formed  as  a  yellow,  crystalline 
precipitate  on  adding  a  solution  of  phenylhydrazine  ucetate  to  a 
solution  of  the  ketone  in  glacial  acetic  acid  and  boiling.  It  crystal- 
lises from  absolute  alcohol  in  small  needles  melting  at  1S7^  with 
decomposition : 

0*9464  gave  36*0  cc  of  nitrogen  at  13^  and  762  mm.   N  - 17:1. 
C|eHj,K,  requires  K->  17*0  per  cent 

The  potassium  salt,  Cj^HgONK,  is  formed  as  a  white,  crystalline 
precipitate  on  adding  a  slight  excess  of  alcoholic  potash  to  a  Holntion 
of  the  ketone  in  alcohol.  It  can  be  recrystallised  from  aicoholi  from 
which  solvent  it  separates  in  colourless  plates  : 

0*4375  gave  0-1936  K^«.  19*73. 

C\oHgONK  requires  E-20-0  per  cent. 

The  potassium  salt  is  readily  soluble  in  alcohol,  whereas  the  sodium 
salt  is  very  sparingly  soluble.  The  sodium  salt  is,  moreover,  much 
less  soluble  in  water  than  the  potassium  salt,  and  is  completely 
precipitated  from  its  aqueous  solution  by  excess  of  sodium  h}  droxide. 

Xlie  niter  salt,  CiqH^ON  Ag,  is  precipitated  on  adding  the  calculated 
qoa&tity  of  silver  nitrate  solution  to  an  aqueous  solution  of  the 
polssiifnm  salt.  It  is  a  white  powder  which  becomes  slowly  coloured 
cn  eBposare  to  light : 

0-2731  gave  01 1 19  Ag.    Ag  -  40  97. 

Cj^H^O^^iAg  requires  Ag>'41'0  per  cent. 

Thb  0-Unzoi/l  dtrivatit^f  O^H.^<^q^^^^^V01jz,  ciiu  be  prepared  by 

disiolving  the  ketone  in  excess  of  potassium  hydroxide  solution,  adding 
SBBoess  of  bensoyl  chloride  and  shaking  until  all  the  chloride  has 
diseolTed.   Hie  inaolnble  precipttate  which  remains,  on  being  filtered 
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and  reerystallised  from  alcohol,  oan  be  obtained  in  slender,  ooloarlees 
needles 'melting  at  123° : 

01774  gave  0-5073  GO^  and  00654  H,0.   0-77*09 ;  H-409. 

C17H11O2N  requires  0=78-1 ;  H-4*3  per  oenl 

An  intensely  green  compound  is  formed  in  this  reaction,  but  since 
it  18  readily  soluble  in  cold  alcohol,  the  benzoyl  derivative  can  be 
easily  freed  from  it.  The  benzoyl  derivative  is  quickly  hydrolysed 
with  dilute  alcoholic  potash,  yielding  a-cyano-^-hydrindone  and  benzoic 
acid. 

Formation  of  chphenylmediaoetic  acid/ram  a-c^fano-fi-hydrindonie. 

On  boiling  a-cyano-)3  hydrtndone  with  eacoess  of  aqueous  potassium 
hydroxide,  ammonia  was  slowly  evolved,  and  after  heating  for  twelve 
hours  the  evolution  had  ceased.   The  solution  was  then  acidified  and 

extracted  with  ether,  the  ethereal  extract  evaporated  and  the  residue 

crystallised  from  water,  when  the  long,  characteristic  needles  of 
o-phenylenediacetic  acid,  melting  at  150°,  separated  : 

0-2236  gave  0  5056  CO.  and  0-1007  H2O.    C  =  61-66  ;  H-5-00. 
^0^10^4  requires  C  =  61'8;  H»5'l  per  cent* 

AHjflaiion  of  a-eycmo-fi^ydrindom  by  fihar^ying  aytntt. 

In  order  to  prepare  this  compound,  3  grams  of  the  ketone  were 
dissolved  in  10  times  its  weight  of  methyl  alcohol  and  the  solution 
mixed  with  5  grams  of  methyl  sulphate.  After  being  boiled  for  a 
few  minutes,  the  solution  was  treated  with  excess  of  potassium 
hydroxide  and  vigorously  shaken  until  all  the  excess  of  methyl 
sulphate  had  been  destroyed,  when  the  insoluble  residue  was  filtered 
and  recrystalUsed  from  methyl  alcohol.  The  compound  may  also  be 
prepared  from  methyl  alcohol  and  sulphuric  acid  by  dissolviDg  3  grams 
of  tiie  ketone  in  10  times  its  weight  of  methyl  aloohof,  adding  one- 
third  of  the  volume  of  concentrated  sulphuric  add  and,  after  boiling, 
sllowing  to  stand  some  hours.  The  methoxy-derivative  then  separates 
completely  from  the  solution  and  can  be  collected  at  once  by  filtration. 
"When  recrystallised  from  methyl  alcohol,  3-cyano-2-methoxyindene 
forms  long,  colouileiiii  needles  melting  at  86^  and  boiling  at  195"^ 
(25  mm.)  : 

0-2139  gave  0-6043  CO.^  and  0-1045  HjO.    C  =  77-05  ;  H-6-42. 

CjiHgON  requires  0  =  77-2  ;  H  =  5  3  per  cent. 
The  compound  also  crystallises  well  from  light  petroleum  (b.  p. 
80 — 90°).  When  boiled  for  a  few  minutes  with  dilute  hydrochlorioaeid, 
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3-c7ano-2-iii^tliozyindene  slowly  passes  into  solution,  and  on  cooling 
the  solation  crystals  of  a-cyano-z^-hydrindone  melting  and  deoomponDg 
at  172^  separate.  It  is  evident,  tlierefore^  that  the  oomponnd  is 
the  0-methyl  detrntive. 

Tho  ethoxy-derivative  was  prepared  by  the  action  of  ethyl  alcohol 
and  sulphuric  acid  on  a-cyano-)3-hydrindone.  Three  grams  wore 
dissolved  in  30  grams  of  ethyl  alcohol  and  the  solution  mixed  with  one- 
third  of  its  volume  of  concentrated  sulphoric  acid.  After  having  been 
raised  to  the  boiling  point,  the  solution  was  allowed  to  stand,  when 
dystals  of  the  ethoxy-derivative  slowly  separated.  These  were  collected 
and  recrystallised  from  ethyl  alcohol,  when  they  were  obtained  in 
slender,  colourlesB  needles  melting  at  84^  and  boiling  at  212^ 
(26  mm.): 

0*2451  gaTeO*6990  00,  and  01349  H,0.  C-77  78 ;  H«6*ll. 

.  CijHijON  requires  0  «  77  8  ;  H  »  5*9  per  cent. 

When  boiled  with  dilute  hydrochloric  acid,  3-cyano-2-ethQxyindeDo 
passes  slowly  into  solution,  and  if  the  solution  is  cooled  crystals  of 
o  cyano-y3-hydrindone  melting  and  decomposing  at  172^  separate.  Both 
the  methoxy-  and  ethoxy-derivatives  give  the  characteristic  blue  colour 
of  derivatives  of  ^-hydrindone  and  ^-iminohydrindene  with  concentrated 
sulphuric  acid  containing  a  ti  aco  of  an  oxidising  agent.  The  vapours 
of  both  compounds  possess  a  peculiar  garlic-like  odour. 


AOkj^aUon  ^  orCyano-p-hyJrMom  iknntgh  ih^  Alkali  Sali$  wiih  an 

Alkyl  Iodide. 

tk-CifaruHi-methifl'fi'4iydnnd<me,  C^H^<C^^|^q ^  >00. 

It  has  already  been  mentioned  that  the  sodium  salt  of  a  cyano-)3- 
hydrindone  is  sparingly  soluble  in  hot  alcohol,  whereas  the  potassium 
Bait  readily  dissolves.  For  reasons  given  in  the  introduction,  it  \vt\^ 
therefore  necessary  to  investigate  the  action  of  methyl  iodide  on  botli 
the  sodium  and  potassium  salts,  but  since  the  reactions  were  carried 
out  in  the  same  way,  and  the  products  in  each  case  were  found  to  be 
identical,  it  is  only  necessary  to  describe  one  of  them  in  detail : 
3'6  grama  of  pure  potassium  hydroxide  were  dissolved  in  100  c.c  of 
methyl  alcohol,  and  the  solution  mixed  with  10  grams  of  a-cyano-/?- 
hydnndone.  The  clear  yellow  solution  was  then  transferred  to  a 
Qeiflsler  flask,  mixed  with  20  grams  of  methyl  iodide  and  heated  on 
the  water-bath  for  two  hoars*  At  the  end  of  this  time  the  excess  of 
methyl  iodide  was  req^Ted  by  distillation,  water  added  to  the  residue, 
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and  the  oil  which  sepftrated  extracted  by  ether.  The  ethereal  solation 
ivaa  then  washed  with  water  to  remove  alcohol,  and  finally  with 
dilate  aqneoas  sodium  carbonate  to  remove  any  unchanged  ketone, 
dried  and  evaporated.  The  oil  which  remained  boiled  at  187^ 
(25  mm.),  passing  over  as  a  viscous,  colourless  liquid,  which  could  not, 
however,  be  induced  to  solidify  : 

0-2201  gave  0-6211  CO,  and  01071  HgO.    C  =  76-96;  H  =  5-40. 
t\illyON  requires  C  =  77-2  ;  H  =  5-3  per  cent. 

The  jyJienylhydrazone ,  Cj^Hj^Ng,  was  prepared  by  dissolving  the 
ketone  in  glacial  acetic  acid,  adding  a  solution  of  phenylhydrazine 
acetate  in  glacial  acetic  acid,  and  boiling  for  a  few  minutes.  On  cool- 
ing, yellow  crystals  of  the  salt  separated,  which  were  obtained  in 
yellow  prisms,  melting  at  169°  by  recrystallisation  from  alcohol : 

0-2179  gave  30*7  cc  of  nitrogen  at  VP  and  756  mm. ;  N  » 16*26. 
C17H15N1  requires       16'1  per  cent. 


t^Phm!^mBaMiopr&^^  Acid,-  0,B,<^^^}^'^^^ . 

The  constitution  of  a-cyano-a-methyl-)3-hydriDdoDe  was  proved  by 
the  formation  of  the  above  acid  on  hydrolysis.  The  ketone  was 
boiled  in  a  Gtoissler  flask  with  a  solution  of  one  and  a  half  times 
the  calculated  quantity  of  potash  dissolved  in  methyl  alcohol  until 
a  test  portion  on  dilution  with  water  showed  no  separation  of  oiL 
Water  was  then  added,  and  the  solution  freed  from  methyl  alcohol 
by  evaporation.  The  clear  aqueous  solution  was  then  acidified  and 
extracted  with  ether,  the  ethereal  extract  being  free  from  the  acid 
by  extracting  it  with  a  little  aqueous  eodium  carbonate.  On 
acidifying  the  sodium  carbonate  extract,  the  acid  was  precipitated 
and  was  purified  by  recrystallisation  from  hot  water,  being  obtained 
in  small,  colourless  needles  melting  at  152-^  : 

0-2011  gave  0-4665  COj  and  0  1067  HjO.    C  =  63-27  ;  H-5-90. 
CjjHjjO^  requires  C  =  63*5  ;  H  =  5-8  per  cent* 

The  acid  is  much  less  soluble  in  ether  than  e-phenylenediaoetio 
acid. 

The  action  of  ethyl  iodide  on  either  the  sodium  or  potassium 
salts  of.  a'Cyano-)3-hydrindone  in  ethyl-alcoholic  solution  leads  to  the 
formation  of  the  above  0-ethyl  derivative,  although  the  experimental 
conditions  were  precisely  the  same  as  those  which  in  the  case  of 
methyl  iodide  led  to  the  production  of  the  C-methyl  derivatiTe. 
Ten  grams  of  the  ketone  were  added  to  a  solution  of  3*6  grams  of 
potassium  hydroxide  in  100  co.  of  ethyl  alcohol,  excess  of  ethyl 
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iodide  was  tbeo  added  and  the  solution  heated  on  the  water-bath 
fer  two  hours.  At  the  end  of  this  time  the  ezoess  of  ethyl  iodide 
was  MDOFed  by  ovapoiatioD,  water  added,  and  the  malting  oil, 
whidi  ra^dly  solidified,  was  extracted  by  ether.  The  ethereal  ez- 
tiaet^  after  being  washed  with  water,  was  shaken  with  dilate 
sodiom  carbonate  solatton  to  remove  any  anchanged  ketone,  dried 
and  evaporated. 

The  mly  residoe  qoickly  became  solid,  and  after  being  reerystal- 
lised  from  ethyl  alcohol  was  obtained  in  slender,  ooloarless  needles 

meltiDg  at  84^: 

0-2094  gave  0  5980  CO.  and  01 155  H,0.    0  =  77-8  ;  H-6-1. 
O^jH^iON  requires  0  =  77  8  ;  Hs5-9  per  cent. 

When  the  oompoand  was  mixed  with  a  specimen  of  3-cyano-2- 
etho]^ndene  prepered  by  the  etherification  of  a-cjano-^S-hydrindone 
(see  page  181),  no  alteration  in  the  melting  point  was  produced, 
and  when  it  was  boiled  for  a  few  minates  with  dilute  hydrochloric 
add  it  was  completely  hydrolysed  to  a*eyano-/8-hydrindone.  There 
coold  be  no  doabt,  thereforo,  that  it  was  the  0-ethyl  derivative. 

Action  of  Conemtratwi  Sulpfiuric  Acid  on  p  imino  a-ci/anohydrindene. 

3-^mmoMlme*3-cartoyft0  Aeid,  ^e^i^o^O  H)^^*^^^' 

The  formation  of  2^minoindene-d-carboxylic  acid  from  the  imino- 
nitrile  can  be  readily  effected  by  the  action  of  concentrated  snlphuric 
and.  Twenty  grams  of  /S-imino-a-cyanobydrindene  were  added 
gredoaliy  to  200  c.c  of  concentrated  solphartc  add,  with  constant 
sdning,  whereby  the  temperatore  rose  to  30".  On  adding  the  first 
portion  of  the  imino-nitrile^  the  deep  Uae  solution  to  which  reference 
has  already  been  made  was  formed.  This  oolonr  disappeared  on 
adding  more  of  the  imino-nitrilo,  and  when  all  had  dissolved,  the 
••olution,  which  was  pale  yellow,  was  left  at  the  ordinary  tempera- 
ture for  one  hour.  The  strongly  acid  solution  was  then  poured  in  a 
thin  stream  on  ice,  when  the  clear  solution  which  wu.s  first  formed 
gradually  deposited  a  heavy  white  precipitate.  The  decomposition 
of  the  sulphuric  acid  addition  product  takes  place,  however,  only 
slowly  at  0°,  and  the  above  solution  must  be  left  for  at  least  an 
hour  before  the  decomposition  is  complete. 

After  the  ice  had  all  melted,  the  solution  was  filtered,  and  the 
insoluble  residue  treated  with  dilute  sodium  hydroxide  solution  and 
filtered,  the  insoluble  portion  being  subseqoently  washed  with  dilute 
alkali  in  order  to  remove  the  last  traces  of  acid.  The  alkaline 
solation,  on  being  acidified  with  hydrochloric  add,  gave  a  precipitate 
of  the  free  add  which  wss  collected  and  recrystallised  from  alcohol,  ^ 

^         O  2 
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when  it  was  obt^atid  in  pale  yellow  needles  melting  and  decom- 
posing at  171° : 
0*2632  gave  0  6622  00,  and  0  1270  H^O.    0-68*6 ;  H-5*3. 
C,oHbO,N requiree  0-68*6 ;  H-5*l  per  oent. 

The  add  is  Bolnble  in  hot  water  and  ean  be  reerystalliaed  from 
this  solvent^  bat  it  is  advisable  to  use  aloobol  for  this  purpose,  sinoe 
at  the  higher  temperature  some  earbon  dioxide  is  always  eliminated. 

The  compound  is  both  an  acid  and  a  base.  Thus  it  is  readOy 
soluble  in  alkali  carbonatea  and  dissolves  in  dilute  ammonia,  but 
the  salts  formed  are  evidently  unstable,  since,  for  example,  on  boiling 
a  solution  of  the  ammonium  salt  containing  excess  of  amuionia,  the 
free  acid  separates  on  cooling  even  though  the  solution  is  still 
alkaline  to  litmus. 

The  hydrochloride^  O^^M^p.^yMGl,  can  be  prepared  by  cautiously 
dissolving  the  carboxylic  acid  in  concentrated  hydrochloric  acid, 
filtering  and  allowing  to  stand,  when  slender,  colourless  needles  of 
the  salt  separate.    It  is  at  once  dissociated  by  water : 

0-2318  gave  0  1564  AgCl.    01  =  16-69; 

OjoH^OgN^HOl  requires  01-16*8  per  cent 

2-Ammoindene-3-earbozylio  acid  gives  a  blue  colour  with  concentrated 
sulphuric  acid  containing  a  trace  of  an  oxidising  agent. 


2-AmimindeM'Z'earhoxyamida^  ^s^«^0((^*KH)^^* * 

The  portion  of  the  product  which  remained  undissolved  after 
ejrtracting  S-aminoindene-Ii-carboxylic  acid  in  the  above  experiment 
with  aqueous  j)otash,  was  recrystallised  from  alcohol  and  obtained 
in  pale  yellow  pUtes  nieUiiig  with  decomposition  at  202°: 

0*2099  gave  0  5275  COg  and  0*1108  HjO.    C  =  68*64 ;  H-5-86. 
0|oH,oON,  requires  0-68*9 ;  H- 5*7  per  cent. 

The  amide  forms  salts  with  adds  which  are  unstable  in.  aqueous 
solution.  The  hydrotkUridet  CjoHj^^ONjtHOl,  is  prepared  by  dis- 
solving the  amide  in  concebtrated  hydrochloric  acid  and  allowing 
the  solution  to  stand.   It  forms  colourless  plates : 

0-2158  gave  0-1462  AgCl.    CI  =  16-76. 

Ci(jH,(jON.^,UCl  requires  CI  =  16  9  per  cent. 

When  the  amide  is  warmed  with  dilute  aqueous  potash,  ammonia 
is  evolved,  and  if,  when  the  evolution  is  complete,  the  solution  is 
aciditied,  2-aminoindene-3-carbozyiic  acid  separates  from  the  solution. 
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Ethyl  2'midnmnd0H^Uarhox^,  ^t^h<^^o^^^)>^'^^r 

This  saManoe  can  be  prepared  by  the  etheiifioatton,  bj  alcohol  and 
sulphnric  add,  of  the  correeponding  carbozyllc  acid.  It  was,  howerer, 
conveniently  prepared  directly  from  )8-imino-a-eyanohydrindene  by 
the  following  process.  Twenty  grams  of  the  imino-nitrile  were 
dissolTod  in  200  cc  of  concentrated  sttlphuric  acid  in  the  manner 
already  deecribed,  and  after  the  solution  had  stood  for  one  hoar  it  was 
poored  into  three  times  its  ▼olume  of  absolute  alcohol,  and  then  heated 
on  the  water-bath  for  three  hours.  At  the  end  of  this  time,  the  pro- 
line t  was  poured  into  water  and  the  aqueous  solution  extracted  with 
eiiier.  The  ethyl  salt  being  very  insoluble  in  other  remained  for  the 
most  part  suspended  in  the  solvent,  but  the  aqueous  solution  was  clear 
and  could  be  separated.  The  ethereal  solution  containing  the  ethyl 
salt  in  suspension  was  then  shaken  with  dilute  sodium  carbonate  solu- 
tion to  remove  any  unchanged  acid,  and  then  filtered.  The  solid  thus 
obtained,  on  being  recrystallised  from  alcohol,  yielded  flat,  glistening, 
pale  yellow  needles  melting  at  206°  : 

0-3062  gave  0  7960  CO,  and  0-1770  H^O.    C  =  70-9  ;  H-6-4. 
Ci^iyOjN  requires  O  =  70*9 ;  H  »  6*4  per  cent. 

The  ethyl  salt  is  readily  hydrolysed  by  dilute  hydrochloric  acid  to 
•  S-aminoindene-d-carbozylie  acid. 

The  k^draMaride,  Ci^HigOjN^HOl.— The  ethyl  salt  quickly  dissolves 
in  eonceotimted  hydroehlofio  acid,  and  the  solution  on  standing  deposits 
the  hydrocLloride  in  colourless  needles  which  are  at  once  dissociated 
by  water  : 

0-2297  gave  0-1363  AgOl.    CI  =  14'68. 

CjjHjgOjNjHCl  requires  Cl  =  14  8  per  cent. 

Both  the  ethyl  salt  and  the  carbozylio  acid  give  the  characteristic 
blue  coloor  with  concentrated  sulphuric  add  containing  a  trace  of  an 
otzidistng  agent. 

EliminatloH  of  Nitrogen  from  2-Aminomdene  3-(xirboxylic  Acid  and 
from  £thyl  ^-Aminoindem-Z-earbooeylaU  by  means  of  Nitrou»  Acid, 

3-^«NMm28iie4korAofle^2f0^cul. — The  experiment  was  carried  ohtin 
sodi  a  manner  that  the  nitrogen  evolved  by  the  action  of  nitrons  add 
eonld  be  measured.  A  weighed  quantity  of  the  add  was  introduced 
into  a  small  flask,  in  iriiich  it  was  brought  into  solution  by  means  of  a 
Httle  sodium  hydrozida.  Bxcess  of  sodium  nitrite  solution  was  then 
added,  and  the  flask  connected  on  the  one  hand  with  a  nitrometer 
^led  with  potassium  hydroxide  solution,  and  on  the  other  with  a 
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carbon  dioxirle  generating  apparatus.  At  the  same  time,  a  dropping 
funnel  was  inserted  in  the  neck  of  the  flask.  After  all  the  air  liad 
been  expelled  by  carbon  diozidoi  the  solution  in  the  flask  was  warmdd 
to  8(P  ani!  excess  of  hydrochloric  acid  run  in  slowly  throagh  the  dropping 
fttimel.  When  the  evolution  of  nitrogen  had  ceased,  the  gaa  left 
in  the  flask  was  swept  oat  by  oarbon  dioxide  and  the  amount  of 
nitrogen  measured : 

0  2219  gave  23  5  c.c.  of  nitrogen  at  18°  and  756  mm. 

CjoHjOjN  +  HNO,  requires  23  8  c.c. 

No  trace  of  S-hydroxyindene-SHsarboaEjlio  aoid  could  be  isolated 
from  the  prodacts  of  this  reaction,  the  chief  compound  formed  bmog  a 
yellow,  amorphous  substance  which  has  not  as  yet  been  identified. 

MAjfl  2-amtnotfictois-3-«if^ozy{cifs.^The  apparatus  employed  in  this 
experiment  was  the  same  as  that  used  above,  only  the  weighed  quantity 
of  the  ethyl  salt,  after  being  introduced  into  the  flask,  was  dissolved  in 
concentrated  hydrochloric  acid,  and,  after  the  air  in  the  flask  had  been 
replaced  by  carbon  dioxide,  an  excess  of  sodium  nitrite  solution  was 
ran  in  from  the  dropping  funnel : 

0-2138  gave  24*9  c.c.  of  nitrogen  at  17''  and  766  mm. 

^1  AsOfN+HNO,  requires  25-2  c.c. 

In  this  case  also  no  ethyl  2>hydroxyindene-3-earboxylate  was  formed 

in  the  reaction,  the  product  consisting  of  an  ill-defined  resinous 
substaucei  evidently  of  high  molecular  weight. 

This  substance  was  best  produced  from  2-aminoiDdene-3-carboxylic 
acid  in  the  following  way.  Thirty  grams  of  the  acid  were  mixed  with 
a  solution  of  80  grams  of  concentrated  sulphuric  acid  in  240  of  water, 
which  was  quickly  raised  to  boiling  and  a  rapid  current  of  steam 
passed  into  it,  when  the  hydrindone  passed  over  as  a  colourless  oil 
which  solidifled  in  the  receiver.  It  was  collected  and  reerystallisod 
from  alcohol,  being  obtained  in  large,  colourless  needles  melting  at  58^ 
These  crystids  showed  no  tendency  to  alter  on  exposure  to  the  air. 

The  substance  was  further  characterised  by  the  formation  of  tte 
phenylhydrasone,  melting  at  120",  and  its  oxime,  melting  at  162^  In 
preparing  the  phenylhydrasone,  however,  care  must  be  taken  not  to 
boil  the  acetic  acid  sedation  of  the  reeeting  substances ;  otherwise  a 
compound  melting  at  210^  separatee  out  which  contains  6'$  per  cent, 
of  nitrogen.  It  is  probably  the  phenylhydrazone  of  a  condensation 
product.  /3-Hydrindone  gives  a  deep  blue  colour  with  concentrated 
sulphuric  acid  containing  a  trace  of  an  oxidising  agent ;  an  examination 
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of  the  properties  of  this  substance  and  of  those  of  its  derivatives  is  in 
progress. 

Much  of  the  expense  entailed  by  this  research  has  been  met  by  a 
Grant  from  the  Research  Fund  of  the  Chemical  Society,  for  which  we 
desire  to  express  our  indebtedness. 
MAVOBivm  Unitkmitt. 


XVIII. — The  CMcur  of  Oupric  Salts  in  Aqueous 

Solution, 

By  Kkvxl  YnroniT  Sidqwick  and  Hxnbt  Thomas  Tizabd. 

Tr  qnestioii  of  tbe  influenoe  of  eleetiolytio  dissoctatioik  on  colour  has 
zeeently  been  the  snbject  of  mnch  diaonasion.  It  is  held  by  one  Bchool, 
foUowing  Ostwald,  that  dissooiation  alone  la  auffident  to  aooount  for  a 
change  of  eoloor;  whilst  other  chemista,  aneh  as  Hantssch)  maintain 
that  the  oolonr  of  an  nndissociated  molecttle  in  eolation  ia  identical 
with  that  of  the  ions  which  it  produces,  and  that  the  obserred  changee 
of  colour  are  doe  to  changes  of  constitution.  It  was  with  the  view  of 
obtaining  some  information  on  this  quostiou  that  the  following  experi- 
ments were  carried  out ;  and  although  the  results  are  as  yet  incon- 
closive,  they  seem  of  sufficient  interest  to  be  worth  recording. 

The  changes  of  colour  shown  by  solutions  of  cupric  salts  have  long 
been  known,  and  have  been  the  subject  of  many  iave*^tigations.  Those 
have,  however,  been  directed  mainly  to  two  points  :  either  to  showing 
that  in  very  dilute  solution  the  light-absorption  of  all  cuprio  salts  is 
the  same,  being  that  of  the  cupric  ion,  or  to  discovering  the 
conditions  which  determine  the  fairly  sharp  change  from  blue  to 
gresn  or  brown,  exhibited  by  most  cupric  salts  at  high  con- 
centrations. 

The  first  point  may  be  taken  as  satisfactorily  established  for 
coloured  ions  in  geneiml,  by  the  work  of  Ostwald  (Mueh.  pkytikal. 
Chm^  1893,  9, 579)»  Pfittger  (inn.  PhyM,  1903,  [iv],  12,  430),  and 
othsn;  the  oolonr  of  an  ion  in  a  completely  dissociated  solution  is 
UDaffseted  by  the  other  (colourless)  ion  by  which  it  is  accompanied. 
The  second  pdnt  ia  still  somewhat  obscure^  but  the  rseearches  of 
Donnan  and  Basastt  (Trans.,  1903,  81,  939)  make  it  probable  that 
the  diange  of  tint  in  concentrated  solution  is  due  to  the  formation  of 
complex  ions  or  complex-  nndissociated  molecules. 
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Much  less  attention  has  been  direeted  to  the  region  lying  between 
these  two  eztremesy  where  the  solution  is  sufficiently  dilute  to  be  blue, 
and  yet  is  not  wholly  diasoeiated.  Such  work  as  has  been  done  has  all 
been  spectroscopic,  consisting  either  in  the  measurement  of  the  absorp- 
tion bands,  or  in  the  determination  of  the  intensity  of  the  absorption 
for  li^ht  of  certain  definite  wave-lengths.  The  former  method  is 
open  to  various  objections;  as  Ewan  says  (Phil.  Mag.,  1892,  [v],  33, 
317):  '*  It  is  quite  possible  that  general  absorption  may  exist  in  a 
spectrum  which,  not  being  sufficiently  large  altogether  to  extinguish 
the  light  at  any  place,  may  pass  unnoticed."  In  the  latter  method 
(compare  B.  E.  Moore,  Zeilsch.physikal.  Chem.,  1906,  55,  641),  the  very 
abundance  of  data  obtainable  has  so  far  prevented  any  definite  quanti- 
tative relations  being  deduced,  altliongh  various  observers  have  noticed, 
for  example,  the  great  depth  of  colour  of  the  acetate  solution,  and  that 
this  diminishes  on  dilution. 

It  seemed  possible  that  a  clearer  view  would  be  obtained  by  the 
direct  quantitative  determination  of  the  depth  of  colour  of  the  blue 
solutions  of  yarious  cupric  salts  at  varying  dilutions.  This  we  have 
endeayouxed  to  carry  out.  The  apparatus  used  was  the  Donnaa 
tintometer  (ZeiiaeK.  phyHkal  Chrnn,,  1896,  19,  465) ;  the  method  of 
working  is  that  of  Doonan,  slightly  modified,  as  described  by  T.  8. 
Moore  and  one  of  us  (Mtsok.  ph^hd.  Chem.,  1907,  68,  386).  The 
principle  is  simple.  Two  graduated  glass  tubes  .with  plane  glass 
bottoms  are  equally  illuminated  by  an  incsndeseent  gas  burner ;  one 
is  filled  with  the  liquid  to  be  examined,  the  other  with  a  standard 
solution  the  height  of  whiefa  can  be  altered  at  will  The  upper 
surface  of  the  liquid  in  both  tubes  is  free.  By  a  suitable  arrangement 
of  mirrors  the  lights  transmitted  by  the  two  tubes  are  brought  into 
immediate  contiguity,  aud  Lhe  level  of  the  standard  li(juid  adjusted 
until  the  two  tints  appear  identical.  The  depth  of  colour  of  the  liquid 
in  the  first  tube  is  then  directly  proportional  to  the  height  of  the 
standard  liquid  in  the  second.  This  apparatus  will  only  compare  two 
colours thetintof  whichis  the  same.  Evena small  difference  in  the  nature 
of  the  colour  makes  it  impossible  to  find  a  point  of  equality,  and  hence 
our  measure uients  were  necessarily  limited  by  the  concentration  at 
which  the  green  colour  makes  its  appearance. 

The  standard  used  was  an  approximately  fifth- (molecular)-normal 
copper  sulphate  solution,  slightly  acidified  with  sulphuric  acid  in  order 
to  eliminate  any  influence  of  alkali  dissolved  from  the  glass.  It  was 
not  necessary  to  know  the  exact  strength  of  this  standard,  as  its  value 
was  determined  each  day  by  comparison  with  a  solution  of  known 
strength  and  depth  of  colour.  The  experimental  tubes  were  found  by 
calibration  to  be  of  equal  diameter  throughout.  Hence,  if  a  known 
yolume  of  a  copper  solution  is  placed  in  the  tubs^  and  iucsssoiy 
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quantities  of  water  are  added,  the  optical  thickness  (concentration  of 
copper  multiplied  by  thickness  of  layer)  remains  unaltered,  the  con- 
centration itself  being  measured  by  the  height  of  the  liquid  in  the 
tube. 

The  simplest  hypothesifi  is  that  the  changes  which  accompany 
dilation,  whether  they  consist  in^the  breaking  down  of  complexes,  in 
ionic  diMoetation,  or  in  changes  in  the  state  of  hydration,  do  not 
involve  any  alteration  in  the  absorption.  If  this  is.  the  case,  the 
eolonr  will  be  proportional  to  the  optical  thickness;  moreover,  the 
(oohrarless)  anion,  since  it  does  not  affect  the  colour  at  infinite  dilu- 
tion, win  not  affect  it  at  any  other  dilation  either.  This,  however,  is 
not  (he  case ;  the  colour  depends  both  on  the  concentration  and  on  the 
nature  of  the  anion.  This  dependence  is  most  easily  expressed  by 
determining  at  various  dilutions  and  for  various  salts  what  may  be 
called  the  molecular  depth  of  colour ;  that  is  to  say,  the  amount  of 
colour  of  a  gram -molecule  of  the  salt,  dissolved  in  various  quantities 
of  water,  and  contained  in  a  tube  of  uniform  diameter,  the  colour  of 
a  gram-molecule  of  copper  sulphate  in  5  litres  of  water  being  taken  as 
1.   This  magnitude  we  denote  by  C^. 

The  following  example  will  make  the  method  of  calculation  clear. 

Each  solution  was  measured  by  both  of  ua  separately,  the  mean  of  at 
least  four  concordant  values  for  each  observer  being  taken.  If  these 
means  were  not  themselves  concordant  (within  0*5  mm.  on  a  total 
height  of  from  4  to  12  cm.)  the  measurements  were  repeated.  The 
tenperature  of  observation  was  1 8°. 

Thus  with  cupric  acetate  the  following  values  were  obtained. 
Ten  ce.  of  a  i^/5  solution  were  taken  and  diluted  to  a  height  of 
6*23  cm.  (volume  >■  30  c.c  V,  the  volume  of  solution  in  litres  con- 
tsining  1  gram-molecule  of  the  salt » 15).  The  readings  of  the  standard 

N.  V.  S.*  8-80  cm.  H.  T.  T.»  8-79  cm. 


It 


8  80  3-80 
8-82  „  8-81  „ 

»-7»  „  8-80  „ 


8*80  M  8 '80  „ 

Meant  S*80  em. 

Water  was  then  added  until  the  liquid  stood  at  6'09  cm.  (Volume 
35e.e.    r-17'5.)  Eeadings: 

N.  V.  S.    3-75  cm.  H.  T.  T.  370  cm. 

3-71  „  3  72 

8-71   „  8-70  „ 

8-72  „  8-70  „ 

872  8-70  „ 

Mceot  8*71  em\ 

*  Author's  initialti 
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The  tube  was  then  filled  with  the  i\r/5-copper  sulphate  solutioii  to 

height  of  8*70  cm.  (*50  c.c),  and  read  again  : 

y.  S.   8-70  cm.  H.  T.  T.   8-70  cm. 
8*67  „  3*68 
8-67  „  3-65  „ 

3  71  „  8-68  „ 


MeaD,  3  '69  cm. 


8*69  »i  8*68  If 


Now,  since  50  c.c.  of  the  Njb  sulphate  solution  balance  3*69  cm.  of 
the  standard,  5,000  c.c.  (containing  1  gram-molecule)  in  a  tube  of 
this  diameter  would  balance  369  cm.  This  therefore  is  the  unit  of 
colour. 

In  the  first  case  quoted,  30  c.c.  of  3715  copper  acetate  balance 
3*80  cm.  Hence  15,000  c.c.  (one  gram-mol.)  would  balance 
3-80  X  500  cm.  Thus  the  value  of  C«  for  the  acetate  at  F- 15  is 
3-80  X  500 


369 


5*15.   Similarly  in  the  second  case,  where  the  optical 


1        •  *u           n      3-72  X  500 
thickness  is  the  same,  Cv  =  "  o*02. 

The  salts  ezamined  fall  into  two  classes,  which  gave  very  different 
results :  (1)  those  of  weak  acids  (propionate,  acetate,  formate^  mono- 
chloroaoetate),  and'  (2)  those  of  strong  acids  (sulphate,  chloride, 
bromide^  and  nitrate).  The  salts  of  the  second  dass  are  very  difficult 
to  measure  accurately.  Theur  colour  is  yerj  much  paler  than  that  of  the 
weak  add  salts,  even  in  the  strongest  solutions,  and  the  change  of 
colour  with  dilution,  which  is  always  an  increase,  is  very  small ;  but 
we  give  the  results  for  what  they  are  worth. 

The  weak  acid  salts,  on  the  other  hand,  have  a  much  deeper  colour, 
which  is  deeper  the  weaker  the  acid,  and  the  effect  of  dilution  ii=?  much 
greater,  and  in  the  opposite  direction,  the  colour  diminishing  with  the 
concentration. 

In  the  following  tables,  V  represents  the  number  of  litres  containing 
a  gram-molecule,  h  the  mean  height  of  the  balancing  column  of 
standard,  and  Cv  the  molecular  depth  of  colour.  The  measurements 
of  copper  sulphate  give  the  height  of  standard  required  to  balance 
8*70  cm.  (50  c.c.)  of  the  Njo  sulphate  solution  on  each  occasion.  The 
temperature  was  in  all  cases  1 8^. 

1.  Cupric  PropionaLe. — Three  series  of  observations  were  made. 
The  first  two,  (a)  and  (6),  were  not  compared  with  the  sulphate^  but 
were  referred  through  the  values  for  F  =»  20  to  (o),  which  was 
directly  compared  with  the  sulphnte.  In  (c)  the  liquid  was  diluted  up 
tea  height  of  15*66  cm.  (r<*22'5)  and  then  a  portion  was  poured 
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awaj.  Tha  ranainder^  wbiok  measnred  10*04  cm.,  was  then  farther 
dilnted,  tlie  neoeesaty  eorreetion  being  applied  in  calculatiDg  Ct 


(a).  10  cc  Njo  aolation  taken. 


•(6).  10  C.C.  Njh  Bolation  taken. 


K 

h  in  cm. 

c,. 

r. 

h  in  em. 

a. 

5 

6-25 

8  01 

10 

4-68 

616 

10 

477 

6-12 

20 

8*80 

(5  00) 

U 

4*24 

5-44 

26 

8*60 

4-00 

SO 

(5*00) 

80 

3  39 

4-46 

86 

3-31 

4*35 

46 

316 

4  16 

(c),   20  e.c.  iir/5  eolttUoo. 


r. 

A  in  em. 

V.         A  in  cm. 

C„ 

18 

8*82 

5*62 

27-5  4*48 

4-63 

16 

8D8 

6-48 

80  4*28 

4*47 

17*6 

7-73 

5  22 

82-6  4*20 

4*40 

20 

7-40 

.';  00 

22-5 

7-19 

4-86 

Copper  snlpliate :  60  e.e. 

iV/6  folntion. 

22*6 

4-65 

4*86 

6  870 

1 

26 

« 

4*60 

4*ro 

2.  Cuptio  AottaU :  10  c.c.  NjQ  solution. 

K. 

Ainem. 

cu 

F,         A  in  em. 

5 

4*86 

6  59 

26  3-49 

4*78 

7*6 

4-39 

5-95 

80  3-38 

10 

4  13 

5*59 

40  3-22 

4-36 

12*6 

8-90 

6*41 

15 

3.80 

515 

Copper  lalphatd  :  50  c.o. 

N;^  solution. 

17-6 

3-71 

503 

6  3-69 

1 

20 

8*01 

4-89 

3.  Cupric  Formate, 


(a).    10  0.0.  y/Z  flolotion. 


r. 

8 
0 

12 
16 
18 


A  in  em. 

4*84 

4-03 
3-89 
3-88 
8-88 


3  00 
3-25 
3-14 
3  13 
809 


Sulphate :  60  e.c;  JV/6  eolntion. 
5  878  1 


(A).    10  ce.  N/3  aolation. 


r. 

A  in  cm. 

o. 

8 

4-89 

3-88 

6 

4-32 

3-43 

0 

410 

8-24 

Sulphate  :  50  c.o.  HolntioD. 
6  3  78  1 


4.  Cuprie  Monoehloraao9iai«  :  10  c.0.  normal  eolation. 


r. 

h  in  ciu. 

F, 

h  in  cm. 

1 

18*07 

8-74 

7 

9*44 

2*68 

2 

11-82 

3  17 

8 

9-30 

2-50 

8 

10-92 

2-92 

9*6 

8*89 

2*38 

4 

10-38 

2  78 

Sulphate : 

solution. 

5 

10*08 

270 

60  cc.  A75 

• 

0*86 

2*04           1  6 

878 

1 
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5.  CupriG  SvlphaU  :  10  c.c.  normal  flolution. 


V. 

h  in  om. 

<V 

1 

3-44 

0-91 

2 

3-62 

0-95 

8 

3-76 

0-98 

4 

S'72 

0*98 

V,  hisk  om. 

6  3-80  1  00 
8             3-83  101 

7  3-94  104 


6.  Cupric  Chloride, 


a).   10  ao.  normal  solution. 

(6).    10  e.c  normal  aolotion. 

h  in  eni. 

r. 

h  io  om. 

0^ 

8 

3-45 

o-oo 

2 

8-89 

0-95 

4 

3-58 

0-98 

4 

3-82 

0-98 

5 

8-63 

101 

8 

3-83 

0-98 

8*5 

8-84 

1*01 

9 

8*98 

1-02 

7 

8-81 

1-00 

• 

Sulphate : 

50  c.c.  SvJ5  solutiou. 

Snlpliate: 

60  ce.  yfS  tolntioii. 

6 

8-90 

1 

6 

8-81 

1 

• 

7.  Cupric  Bromide  :  20  c.c.  2*Vy3  solution. 


V.  h  in  cm.  C,.. 

3  4  (JO  0-94  (still  green) 

4-5  4-71  0-96 

6  4  70  0-98 

7  4*71  0*98 

Sulphate :  60  c.c.  A75  solntion. 

6  8*88    .  1 


8.  Cuprie  NiinUe, 
(a).    10  cc  normal  solution.     ^       (6).    10  c.o.  2i\r  solution. 


v. 

h  in  cm. 

K 

h  in  om.  CU 

1 

3-91 

108 

0*5 

8-24  1*14 

2 

3-84 

106 

7-70  1-07 

8 

8*89 

107 

U 

7*86  1*06 

4 

3-90 

107 

2 

7*84  108 

8 

3-91 

1-08 

Sulphate: 

60  e.0.  JV/6  solntioii. 

7 

3  97 

110 

9 

4*08 

1*12 

8*81  1 

The  curves  given  in  Fig.  1  represent  the  relation  between  colour 
and  concentration  for  the  tttts  of  weak  acids.  The  curve  for  copper 
sulphate  is  added  for  comparison.  It  is  not  a  straight  line,  but 
would  appear  practically  straight  on  the  scale  employed. 

In  the  case  of  the  strong  acids,  the  concentrations  which  could  be 
investigated  were  limited  on  the  one  hand  bj  that  at  which  the 
solution  assumes  a  green  tint  (or  in  the  case  of  the  sulphate  by  the 
solubility),  and  on  the  other  by  that  at  which  the  colour  (even  with  a 
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layer  of  17  cm.)  becomes  too  pale  for  measurement.  Thi^  givea 
pnuitieAliy  the  limits  of  V^l  to       9.   The  Tariations  of  colour 

Fio.  1. 


^^^^^^^^^ 

• 

io2Si^"  

Dilution  V 

10 


2J 


30 


40 


00 


within  these  limits  are  very  Bmall.  They  are  represented  in  Fig.  2, 
the  colour-scale  being  very  large,  but  t^y  cannot  be  regarded  as 
haying  more  than  a  qualitative  value. 


Fio.  2. 


1-10 


105 


1  00 


0<M 


8 


6 


8 


1  6, 

\ 

( 

Colour 

/ 



DUu4 

i 

9  10 
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IH§ouuion  qf  Remits. 

1.  WedJc  Acid  Salts. — We  may  assume  that  at  extreme  dilution 
equivaleot  solutions  of  all  cupric  salts  with  colourless  anions  have  the 
same  t  int  and  depth  ol  colour.  The  value  for  infinite  dilution  cannot 
be  determined  by  our  method  ;  but  from  the  course  of  the  curves  for 
strong  acid  salts,  where  tho  change  of  colour  with  dilution  is  small^ 
and  the  dis-jociation  even  at  9  is  already  very  large,  it  is  probable 
that  the  limiting  valae  of  C«  ie  leis  than  1*6« 

At  the  highest  dilution!  examined  the  lalts  of  weak  adds  have  a 
▼alue  of  Cw  considerably  higher  than  this,  rising  from  about  two  for 
the  chloroacetate  to  four  for  the  acetate  and  propionate.  As  the  con- 
centration increases,  (7«  increases  also,  and  the  more  rapidly  the 
weaker  the  acid,*  until  at  about  F«4,  where  it  has  reached  for  the 
acetate  a  value  of  7,  and  for  the  propionate  of  more  than  8,  the  solution 
begins  to  show  a  distinct  greenish  tinge,  and  further  measurements 
become  impossible. 

It  is  therefore  evident  that  these  cupric  solutions  contain  at  least 
two  substances  of  the  same  blue  tint,  but  differing  in  depth  of  colour. 
Tho  identity  of  tint  is  especially  to  be  noticed,  as  it  is  not  at  all  what 
we  should  expect.  As  it  appears  that  the  depth  of  colour  of  cupric 
solutions  depends,  except  at  extreme  dilution,  on  the  nature  of  the  anion, 
it  is  clear  that  this  is  due  at  lenst  to  the  recombination  of  the  anion 
with  the  cupric  cation,  an<l  hence  the  view  thut  ionisation  has  no  effect 
on  colour  is  incorrect.  But  it  would  seem  that,  at  least  in  these  cases, 
it  is  only  the  depth  of  colour  that  is  afifected  by  the  anion,  and  not  the 
tint.  Afi  has  been  explained,  all  the  solutions  we  examined,  whether 
of  strong  or  weak  acids,  were  oompired  with  the  same  standard,  a  A/6 
copper  sulphate  solution  ;  and  up  to  a  concentration  of  N/^  (in  some 
instances  much  higher  than  this)  no  change  of  tint  was  observod, 
although  the  depth  varied  with  the  anion  and  the  dilution  in  the  pro- 
portion  of  I  to  8.  It  follows  that  the  cupric  ion  is  capable  of  forming 
compounds  in  the  solution  of  a  different  depth  of  colour,  but  of 
practically  the  same  absorption  in  the  visible  part  of  the  spectrum. 
These  compounds  maybe  of  four  kinds:  either  the  univalent  ions 
CuA*  (where  A  represents  a  univalent  anion}  and  the  undissoctated 
molecules  OuA|,  or  complex  ions  such  as  OuA^",  or  the  products  of 
hydrolytie  dissociation,  or  hydrates  of  any  of  these  molecular  species. 
The  last  of  these  possibilities  may  be  left  out  of  account,  as  practically 
nothing  is  known  as  to  the  ooostitution  of  these  hydrates  or  their 

*  The  diMooiAtion  constants  of  thcts  soids  are 

Propionic,  KxW    s0'184  Formic   =  2  14 

Acetic   0*180  Monoohlorosoetic  ...      15  00 
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iaduenceou  colour  (compare  Donnan,  Zeitach.  physikal.  C/iem.,  1905,53, 
S17).  The  l  e  cent  work  of  Jones  and  Uhler  {Ainer.  Chtm.  J.^  1907,  37, 
126,  207)  is  open  to  the  general  objections  which  apply  to  the 
tpectrometric  method,  and,  moreoTW,  their  plan  of  adding  to  the 
solution  a  coloarless  salt  with  the  same  anion  must  produce  a  dis- 
torbance  of  the  ionic  equilibrium  the  amount  of  which  can  scarcely  be 
determined,  and  which  they  altogether  fail  to  consider*  The  qoeetion 
of  hydrolysis  is  one  on  which  it  is  difllcalt  to  oome  to  a  definite  con- 
clusion, and  there  are  no  determinations  of  the  amount  of  hydrolysis 
ol  salts  of  the  type  MX^.  But  there  are  eereral  reasons  forUhinldng 
that  its  influence  is  small,  and  may  be,  at  least  provisionally, 
neglected.  In  the  first  places  if  hydrolysis  were  the  determining 
fector  in  the  change  of  colour,  we  should  expect  this  change  to  be 
mueh  more  rajdd  with  the  sslts  of  the  weakest  adds  (acetate  and 
propionate)  than  with  those  of  the  much  stronger  formic  and  cbloro- 
aesiie  adds :  whereas  the  reverse  is  the  case.  Again,  it  is  not  to  be 
supposed  that  anything  like  complete  hydrolysis  has  taken  place  at  a 
dilution  of  i^740,  at  which  the  hydrolysis  of  sodiuui  acetate  is  only 
0*02  per  cent.,  uud  even  that  of  potassium  cyanide  is  less  than  3  per 
cent.  ;  so  that  the  colour  curves  should  still  be  tending  downwards  at 
this  point,  whereas  they  have  become  nearly  horizontal.  Finally,  a 
rough  idea  of  the  influence  of  hydrolysis  can  be  arrived  at  by 
observing  tlie  effect  on  the  colour  of  adding  free  acetic  acid  to  a 
copper  acelaU3  solution.  The  amount  of  hydrogen  ions  in  the  solution 
due  to  hydrolysis  will  be  small  compared  with  the  total  quantity  of 
acetate  ions,  and  hence  the  addition  of  free  acid  will  gr^tly  diminish 
the  hydrolysis  without  much  affecting  the  degree  of  ionic  dissociation 
of  the  salt.  Experiment  showed  that  the  colour  of  a  solution  of 
copper  acetate  was  increased  less  than  I  per  cent,  by  the  presence  of 
iir/2  aeetic  add.  We  therefore  conclude  that  while  hydrolysis  must 
be  regarded  as  a  possible  disturbing  factor,  it  is  not  probable 
that  it  has  an  appreciable  effect  on  our  results. 

As  regards  complex  ions,  it  is  probable,  as  Donnan  has  shown,  that 
it  is  to  the  presence  of  complex  anions  containing  copper  that 
the  green  or  hiown  odour  of  concentrated  solutions  is  due. 

We  are  therefore  inclined  to  suggest  that  the  point  where  the 
sdution  changes  from  green  to  blue  is  that  at  which  these  complex 
ions  become  negligible  in  quantity,  and  the  solution  contains  no 
moleeolee  other  than  Cu  A.,  and  the  ions  CuA*,  Ou*',  and  A'.  Of  these, 
the  laet,  as  we  know,  will  have  no  influence  on  tiie  absorption,  and 
may  be  neglected.  The  absorption  will  therefore  be  due  to  the  three 
species  CuA.-,  CuA',  and  Cu"  (or  some  of  them) ;  identical  in  tint, 
but  differing  in  depth  of  colour;  and  the  change  of  colour  on  dilution 
will  be  caufied  by  the  production  of  the  latter  species  at  the  expense  of 
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tiie  tormer.  On  extreme  dilution  only  Cu"  iona  remain,  whatever  the 
nature  of  the  anion,  and  here  therefore  all  copper  salts  give  the  same 
absorption  :  the  value  of  Cp  for  this,  as  we  have  shown,  is  probably 
between  1  and  1*5.  If  it  were  possible  in  any  way  to  determine  the 
amounts  of  CuAg,  CuA.',  and  Cu"  present  in  a  solution,  their  colour- 
values  could  be  calculatedt  and  our  hypothesis  checked.  But  at 
present  this  doee  not  appear  to  be  possible.  There  is  no  means  of 
measuring  the  amount  of  dissociation  of  a  ternary  salt,  such  as  CuA^ 
The  conductivity  is  no  guide,  since  we  cannot  determine  the  velocity 
of  the  ion  GuA*,  and  the  indirect  methods  which  have  been  suggested^ 
such  as  the  measurement  of  the  concentration  of  the  ion  A'  by  the 
solubility-product,  are  not  sufficiently  accurate. 

If  there  are  appreciable  quantities  ol  all  the  three  coloured  substances 
CuA,,  OuA%  and  On*  *  pregent  in  the  solution,  both  the  changes  Ou A,  — y 
OuA*  and  OuA*  Ou"  must  occur  on  dilution.  If  the  second  of 
these  occurs  to  an  appreciable  ertent  within  the  dilutions  investi- 
gated, we  should  expect  all  the  curves  to  tend  to  the  same  point,  the 
colour  of  the  On"  ion,  Cv  =  1*5.  We  should  also  expect  a  change  in 
the  nature  of  the  curve  at  the  point  where  the  second  dissodation 
began  to  make  itself  felt.  But  neither  of  these  conditions  is  fnlBUed. 
There  is  no  change  in  the  nature  of  the  curves,  and  they  each  tend  to 
a  different  limit,  which  is  always  greater  than  1*5.  From  these 
results,  and  especially  from  the  second,  we  infer  that  only  one 
dissociation  is  taking  place,  and  that  this  is  the  Urst  one,  CuA^  — >■ 
GuA*.  This  leads  to  a  somewhat  remarkable  conclusion.  It  will  be 
seen  from  the  shape  of  the  curves  that  whatever  change  has  been 
going  on  during  the  dihition  has  very  nearly  reached  its  end  at  the 
highest  dilutions  observed,  since  at  this  point  all  the  curves  become 
very  nearly  horizontal.  If,  therefore,  our  view  is  correct,  the  second 
dissociation  of  a  copper  salt  of  a  weak  acid  cannot  begin  to  take 
place  appreciably  until  the  first  has  proceeded  very  far ;  whereas  in  the 
analogous  case  of  the  dibasic  organic  acids  Ostwald  has  shown  that 
the  second  dissociation  takes  place  appreciably  when  the  first  is  only 
half  completed.  In  other  words,  in  the  copper  salts  of  weak 
monobasic  acids  the  second  dissociation  constant  is  very  much  smaller 
compared  to  the  first  than  it  is  in  the  case  of  the  organic  dibasic 
acids  themselves.  And  the  reason  for  this  is  not  far  to  seek.  Ostwald 
has  pointed  out  for  the  latter  that  in  analogous  series  the  larger  the 
first  ionisation-constant,  the  smaller  the  second.  This  he  ezplaine 
by  the  fact  that  the  proximity  of  the  two  earboxyl  groups,  which 
increases  the  first  ionisation-constant,  at  the  same  time  diminishes  the 
second,  as  the  native  charge  produced  by  the  loss  of  the  first 
hydrogen  ion  resists  the  appoaraooe  of  a  second  negative  charge, 
which  must  occur  if  a  second  hydrogen  ion  were  split  ofif ;  and  does  so 
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to  a  greater  extent  the  nearer  it  is  to  the  second  car  boxy  1.  Now  the 
extreme  case  of  this  effect  would  be  where  tlie  two  negative  charges 
had  to  appear  on  the  same  atom ;  and  hero  we  should  expect  the 
strongest  resistance  to  the  second  stage  of  the  dissociation.  But  this 
is  precisely  what  occurs  with  the  aalta  of  a  bivalent  metal  such  as 
copper  and  a  monobasic  acid. 

If  this  view  is  correct,  which  seems  at  least  possible,  we  have  an 
explanation  of  the  fact  which  appears  very  clearly  from  our  curveSi 
that  the  dissociation  proceeds  very  far  within  the  limits  of  dilution 
examined,  and  yet  does  not  give  any  sign  of  the  production  of  Cu" 
ioiiSy  which  would  lead  to  a  value  of  (7«  below  1*5. 

Now,  if  a  is  the  molecular  depth  of  colour  of  the  molecule  CvtAp 
6  that  of  the  ton,  CuA.%  we  have  the  relatioui  *  * 

C,«a(l-a;)  +  te  (1), 

where  (7«  is  the  colour  at  dilution  F,  and  0  is  the  degree  of  dtseoeiatioii. 
Further,  if  we  assume  Ostwald's  law,  which  recent  research  has  shown 
to  be  probably  justifiable  even  for  strong  electrolytes,  we  have 

*r-=^  (2). 

By  dii^ereutiatiug  and  eliminating  x  we  arrive  at  the  equation :  ^ 

dC 

Now  — /  at  any  point  may  be  obtained  from  the  cnrve^  so  that  we 

a  V 

get  a  reliition  between  a  and  k.    By  taking  two  points  we  obtain 
values  of  a  and  k ;  their  accuracy  naturally  depends  on  that  of  the  . 

curve  and  on  that  of  the  obeervatioii  of  From  these  values  of  a 

and  k  we  can  caknlate  b  for  every  other  point  on  the  curve  by  means 
of  equations  (1)  and  (2). 

The  results  we  arrived  at  by  applying  this  method  to  the  weak  acid 
corves  confirm  our  hypothesis,  as  constant  values  of  6  are  obtained  in 
each  ease,  whUe  se,  the  degree  of  dissociation,  rises  to  over  90  per  cent. 
Bui  as  the  numbers  cannot,  for  the  reasons  we  have  given,  be  regarded 
as  absolutely  correct,  but  only  relatively  so,  we  propose  to  reserve 
their  publicaiion  until  we  have  obtained  more  trustworthy  data. 

(9).  Strong  acids.   Here  a  regular  curve  was  in  no  case  obtained, 
bat  the  curves  all  follow  roughly  the  same  course.    The  colour  on  the  * 
whole  ineresses  on  dilation,  but  the  change  is  very  smalL   The  case  of 
the  nitrate  is  of  interest.   At  the  point  where  the  biomide  and  chloride 
become  green,  the  colour  of  the  nitrate  (which  .is  always  blue)  begins 
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to  increase  rapidly.  This  indicates  that  in  this  case  the  complex  ions 
have  the  same  tint  as  the  Cu(^0g)2  molecule,  but  are  deeper  in 
colour. 

Daubbnt  Labobatobt, 

Hagdalbn  Oolumb, 

OZFOBD. 


XIX. — Organic  Derivatives  of  Silicon,    Part  IV.  The 

Stil2)honation  of  Benzyh'tliylpropyhilicyl  Oxide  and 
of  Bemylsthyldipropylsilicaiie, 

By  Hbsbbet  Mabsdbn,  B.Sc.  (Vict.),  and  Fjbkobbic  Staklbt 

Kipping. 

PiiJSNYLBENZYLETHYLPBOPYLSiLiCANK  is  hydrolyscd  by  hot  sulphuric 
.add  giving  benzene  and  bensylethylpropyUiUcol  (Kipping,  Trans., 
1907,  91,  212) ;  the  latter  undergoes  sulphonation,  yielding  an  acid 
which  was  regarded  as  the  disulphonic  derivative  of  bensylethyl- 
propylsilicyl  oxide  and  to  whioh  the  ooostitutioii 

S0^H*0eH4«0H,*StEtPr0«SiEtPr*0Hs*0eH«-S0gH 
was  assigned.   Subsequently  (Slipping,  Trans.,  1907|  91,  727)  this 
tsame  solphomc  acid  was  obtained  by  the  snlphonation  of  benzylethyl- 
propylsilicol,  prepared  directly  by  decomposing  benzyletbylpropyl- 
bilicyl  chloride  with  water. 

As  this  sulphonic  acid  is  the  only  compound  containing  an 
asymmetric  silicon  group  which,  so  far,  has  been  resolved,  and  as  the 
evidence  that  it  was  derived  from  the  oxide  and  not  from  the  silicol 
was,  perhaps,  not  quite  conclusive,  we  have  made  some  further 
experiments  in  order  to  settle  the  matter. 

For  this  purpose  wo  examined  the  product  of  high  boiling  point 
which  is  formed  together  with  benzylethylpropylsilicol  when  benzyl- 
ethylpropylsilicyl  chloride  is  decomposed  with  water,  and  found,  as 
was  indeed  expected  (lac,  cU,^  p.  726),  that  it  consisted  of  the  oxide 
(BzEtPrSi).20 ;  this  compound  was  then  sulphonated  with  sulphuric  acid 
and  also  with  chlorosulphonic  acid.  In  both  cases  the  product  was  a 
mixture  of  acids,  from  which  the  isolation  of  a  pure  compound  proved 
to  be  a  task  of  some  difficulty;  ultimately,  however,  we  obtained 
from  both  preparations  an  acid  (in  the  form  of  its  /-mentl^lamine 
salt)  which  was  found  to  be  identical  with  that  previously  described 
as  sulphobenzylprqpylsilicyl  oxide. 

Now  as  benxylethylpcopylsilioyl  oxide  and  other  oxides  of  like 
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nature  are  relatively  very  stable,  whereas  benzylethylpropyleiliool  and 
other  siliools  &re  unstable  and  pass  readily  into  the  corresponding 
osddee,  it  aeems  extremely  improbable  that  the  oxide  in  question 
would  bo  converted  into  the  silicol  during  the  process  of  solphonation 
or  subsequent  treatment,  and  therefore  the  sulphonic  aeid  may  be  re- 
garded as  derived  from  the  oxide ;  as,  moreover,  this  eoDdusion  is 
fully  borne  out  by  the  results  of  numerous  analyses  of  the  ^menthyl- 
amine  salt  which  have  been  made  in  the  course  of  these  experiments, 
there  is  now  not  much  room  for  doubt  that  the  optically  active 
silicon  compounds  recently  described  {loc.  cU,,  p.  234)  are  deriva- 
tivee  of  bensylethylpropylsilicyl  oxide. 

The  Ktoltttum  of  the  sulj^ooie  derivative  of  bensylmethylethyl- 
propylsilioane,  0slffeBtPr8i,  and  of  other  compounds  containing  only 
one  asymmetric  silicon  group  having  so  far  been  unsuccessful,  we 
studied  tbo  sulpiiOiiation  of  plienylbcnzyletliylpropylsilicane, 

PhBzEtPrSi, 

with  chlorosulphonic  acid,  in  the  hope  that  this  agent  would  not  have 
the  bydrolysing  actiou  of  sulphuric  acid ;  unfortunately,  however,  we 
were  unable  to  prepare  the  simple  sulphonic  derivative  of  this  silico- 
hydrocarbon,  since  the  phenyl  group  was  eliminated  previous  to,  or 
during,  sulphonation,  and  the  same  acid  was  obtained  as  by  the  use  of 
sulphuric  acid.  The  great  difference  in  the  behaviour  of  the  phenyl 
and  benzyl  groups  when  combined  with  silicon  is  again  shown  by 
these  results,  and  it  may  be  noted  that  in  these,  as  in  other 
experiments,  the  phenyl  radicle  alone  seems  to  be  easily  displaced. 

This  paper  also  contains  an  account  of  the  investigation  and 
utilisation  of  certain  by-products  which  had  aecumiUated  in  the 
prepexation  of  silicon  derivatives.  Thus  from  a  niixture  of  bensyl- 
etiq^silioon  dichloride  and  bensylethylpropylsilicyl  chloride,  obtained 
in  the  preparation  of  the  latter,  we  prepared  teitJ^MyMt^mi^pyZmjtoaiie, 
BsEtFr^and  sulphonated  thissilico-hydrocarbon  in  order  to  compare 
the  add  with  the  <tf-derivative  of  benzylmethylethylpropylsiltcane 
{loc  eii.,  p.  731).  Although  one  of  these  sulphonic  derivatives  is 
externally  compensated,  whereas  the  other  is  not^  there  is  very  great 
similarity  in  properties  even  when  they  are  combined  with  an 
asymmetric  base ;  the  l-mmthylamine  salt  of  henzylethyldiprojyyl' 
silicanesulphonic  acid,  for  example,  is  indistinguishable  by  inspection 
from  the  corresponding  salt  of  (i/  benzylmethylethylpropylsiiicaiie- 
solphonic  acid  and  the  resemblance  in  all  ordinary  properties  is  very 
striking;  the  cincJi^iivdim  and  quinine  salts  of  the  two  acids  aro  also 
very  similar,  sin«l  the  results  of  the  comparisou  point  strongly  to  the 
conclnsion  that  these  derivatives  of  the  c//-acid  are  mere  mixtures  and 
not  definite  partially  racemic  salts. 

DiphmyltlhylnUcyl  chloride,  Ph^tSiCl,  was  isolated  from  a  by-  ^ 
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product  obtained  in  the  preparation  of  phen)  iotbylsilicon  dichloride 
{}oc.  cU.f  p.  215),  but  the  corresponding  siiicol  could  not  be  obtained 
in  a  pure  state  owing  to  the  readiness  with  which  it  passes  into 
dipfienylethfflsUiesfl  oxide,  {1^h^Et8i)20,  a  crystalline  compound  melting 
al  65  5° 

TriphfinylethylsUicanie,  Pbg£t3i,  and  tripiitnylinAthykUicamf 

Ph,MeSi, 

were  alao  prepared  from  tripbenylsilicyl  chloride. 

Henzi/lethylpropi/lgUicyl  Oxide,  (BzEtPrSij^O. 

When  benzyletbylpropylsilicyl  obloride  is  decomposed  with  water 
it  yields  a  mixture  of  benzy lathy Ipropylsilicol  (TiaDS.,  1907|  91,  726) 
and  benzylethylpropylsilicyl  oxide;  the  two  compoands  are  eadly 
lepaiated  by  fractional  distillation  under  reduced  pressure  (25  mm.), 
the  fiiliool  boiling  at  about  165%  the  ozide  at  about  256^  A  sample 
of  the  oxide  boiling  at  271—272^  (50  mm.)  was  analysed : 

0*2403  gave  0-6313  00,  and  0*2079  H,0.  0-71*6 ;  H-9*6.. 

C24H8^0Si2  requires  0-72*2  ;  H- 9-6  per  cent. 

Benzylelhyljyrojnjlsilicyl  oxide  i.s  a  rather  viscid,  colourless,  almost 
odourless  liquid,  insoluble  in  water,  but  miscible  with  the  urdinary 
organic  solvents. 

Suiphm^Uion     JknzykihjflpropjfltUicjfl  Oteide  wUh  Sulphmic  AM, 

When  benzylethylpropylsilicyl  oxide   in    quantities   of  about 

10  grams  at  a  time  is  treated  with  1^ — 2  volumes  of  sulphuric  acid 

only  a  slight  rise  iu  temperature  occurs  ;  on  heating  quickly  and 
shaking  vigorously  a  very  viscous,  homogeneous  fluid  results,  ami  by 
the  time  the  temperature  has  risen  to  70^  or  80°  sulphonation  is  com- 
plete, as  shown  by  the  solubility  of  the  product  in  a  moderately  large 
quantity  of  water.  The  rapidity  with  which  sulphonation  occurs 
seems  to  be  rather  greater  than  in  the  case  of  the  corresponding 
siiicol,  as  was  perhaps  to  be  expected. 

In  the  hope  of  isolating  a  ci*ystalline  ammonium  salt,  the  aqueous 
solution  of  the  acid  was  neutralised  with  ammonia,  the  ammonium 
sulphate  separated  by  the  method  previously  described  {loc.  cU.y  p.  225), 
and  the  dried  syrupy  ammonium  salt  of  the  sulphonic  acid  dissolved  in 
methyl  alcohol ;  on  adding  a  large  volume  of  ethyl  acetate  to  this 
solution,  practioaily  the  whole  of  the  dissolved  salt  was  precipitated 
ae  a  buttery  mass,  and  the  mother  liquor  did  not  contain  any 
appreciable  quantity  of  dissolved  matter;  this  behaviour  is  very 
different  from  that  of  the  crude  ammonium  salt  obtained  from  the 
sulphonation  product  of  bensyletby Ipropylsilicol;  moreover,  fractional 
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preeipiiation  of  the  batteiy  ammomum  mU  with  ethyl  acetate, 
from  its  eolation  in  methyl  aloohol,  failed  to  alter  ita  charaeter 
•ppredably,  ao  that  no  crystallieed  ammonium  enlphoben^lethyl* 
propyUnlieyl  oxide  oo«dd  be  isolated.  This  nsnlt  seemed  to  ehow 
that  the  Bolphomttion  producta  of  the  siliool  and  of  the  oxide  were 
entifely  dilferenti  bat  as  a  matter  of  feet  they  both  contain 
sulphobenzjletbylpropyleilioyl  oxide»  and  the  great  difference  in 
behavioar  of  the  crude  ammoniom  aalta  most  be  atttibated  to  the 
accompanying  by-prodncts ;  why  the  latter  sbonid  be  eo  different  it 
is  difficult  to  conjecture.  This  method  of  purification  having  failed, 
the  crude  ammonium  salt  was  treated  in  aqueous  fiolution  with 
/-menthylamine  hydrochloride,  and  the  oily  precipitate  of  men  thy  1- 
amine  salt  separated ;  this  was  fractionally  crystallised  from  ice-cold 
aqueous  acetone,  from  which  a  considerable  proportion  was  deposited 
in  a  (locculent  condition,  the  remainder  as  an  oil.  After  many 
reorystallisations,  employing  aqueous  acetone,  aqueous  methyl  alcohol, 
or  wet  ethyl  acetate,  some  of  the  Tuenthylamine  Fait  was  obtained 
in  opaque  nodules  melting,  when  previously  dehydrated,  at  about 
215—220'' ;  the  farther  porificatioo  of  this  product  proved  to  be 
very  tnmblesome,  but  when  systematically  recrystallised,  using 
aqoeooa  acetone  and  wet  ethyl  acetate  alternately  for  each  series 
of  operations,  it  finally  yielded  a  welUdefined,  crystaUine  menthyl- 
amine salt  melting  at  about  230°. 

The  details  of  these  operations  are  omitted,  bat  it  may  be 
noted  that  the  grsat  difficulty  met  with  in  isolating  this  salt  is 
doubtless  due  to  the  presence  of  an  isomeride  which  has  not  only 
a  meet  baneful  effect  in  preyenting  crystallisation,  but  which  also 
remains  very  tenaciously  in  the  crystalline  deposits ;  when  a  con- 
siderable proportion  of  this  isomeride  is  present,  the  mixture  of 
aelta  is  readily  soluble  in  cold,  wet  ethyl  acetate,  whereas  the  pure 
compound  melting  at  about  280^  is  practically  insoluble. 

The  menthylemine  salt  (m.  p.  230^)  obtained  in  this  way  from  the 
oxide  resembled  /-menthylamine  sulphobenzylethylpropylsilicyl  oxide 
(loc.  cit.  pp.  229,  729)  in  appearance,  and  like  the  latter  crystallised 
with  four  molecules  of  water ;  a  mixture  of  the  two  salts  melted  at 
the  same  temperature  as  its  components : 

0-2105  dried  in  the  air  lost  0*0165  H,0  at  lOQP.   Ufi = 7*8. 

C^B^Of^fifia^-i-iSfi  requires  H,0  =  7*65  per  cent. 
0-1662  gave  0-3682  00,  and  0*1377  H^O.   C  -  60*4 ;  H  -  9*2. 
0*1925   „   0-4267  COj       0*1598  H^O.   0-60*4;  H« 9*2. 
C^^HpoO-NjSgSij  requirss  O  «  60*8 ;  H  -  9*2. 

The  equivalent  of  the  salt  was  also  determined,  the  value  obtained 
being  437*2  instead  of  434*4  required  by  theory. 
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The  specific  rotation  was  observed  in  methyl-alooholic  solution ; 
0-3558,  made  up  to  25  cc  in  a  2-dcm.  tube,  gave  a -0*49%  whenoe 

All  thflse  resnlts  agne  with  those  required  for  the  menthylamine 
salt  of  a  disulphonio  acid  derived  from  the  oxide  (SiEtPrBs)^,  and  if 
the  identity  of  this  salt  with  that  previously  described  is  estaUisbed, 
little  doubt  will  remain  as  to  the  constitution  of  the  latter. 

Now  in  one  respect  the  menthylamine  salt  isolated  from  the  snlphona- 
tion  product  of  the  oxide  appeared  to  differ  from  that  obtained 
directly  from  pure  ammonium  sulphobenzylethylpropjlsilicyl  oxide;  it 
did  not  seem  to  crystallise  quite  so  readily  or  to  form  such  large 
crystals.*  For  this  reason  some  of  the  ^menthylamine  salt  prepared 
from  the  oxide  was  converted  into  sodium  salt,  and  from  the  latter  the 
cinchonidine  and  tZ-bornylamine  salts  were  prepared  ;  the  cinchonidine 
salt  molted  at  148  — 150°  and  its  specific  rotation  in  methyl  alcohol  was 
[a]p  -71'1°  values  agreein*^  closely  with  those  of  the  cinchonidine 
sulphobenzylethylpropylsilicyl  oxide  previously  prepared  from  the 
silicol  {loc.  cit.i  p.  232) ;  the  properties  of  the  bornylamine  salt  also 
agreed  with  those  of  the  corresponding  bornylamine  salt  from  the 
silicol.  Tiiore  can  he  no  doubt  therefore  that  the  silicol  and  the  oxide 
yield  one  and  the  same  acid  when  sulphonated  under  similar  conditions, 
and  that  the  sulphonic  acid  which  has  been  resolved  is  in  facta  deriva- 
tive of  the  oxide.  The  by-products  or  other  acids  formed  during  these 
sulphonations  have  not  yet  been  isolated. 

iStUphonaUm  qf  BtnzyUihylpropylnliayl  Oxide  wUh  Ckhrondpkome 

Acid. 

The  use  of  chlorosulphonic  acid  for  the  sulphonation  of  benzyl - 
methylethylpropylsilicane  gave  results  so  much  better  than  those  ob- 
tained with  sulphuric  acid  that  it  seemed  advisable  to  try  the  action  of 
the  first-named  agent  on  benzylethylpropylsilicyl  oxide. 

Chlorosulphonic  acid  (2  mols.)  diluted  with  chloroform  was  added  to 
a  well-cooled  solution  of  the  oxide  (1  mol.)  in  about  five  volumes  of 
chloroform  ;  sulphonation  occurred  rapidly,  with  evolution  of  hydrogen 
chloride,  and  the  solution  was  then  immediately  poured  into  water, 
and  the  chloroform  distilled  in  stoara  ;  the  clear  aqueous  solution  of 
the  acid  was  neutralised  with  ammonia,  treated  with  excess  of /-menthyl- 
amine hydrochloride,  and  the  oily  menthylamine  salt  separated  and 

*  Thi<  differenee  between  the  two  tsttt  is  posiihiy  eatiied  bj  some  slight  differ- 
•noe  in  the  relative  qnaatitiea  of  their  components.  The  nit  prepoiod  directly 
from  tho  aramooiuni  salt  eontains  equl  qnsntities  otdAlB  and  lAlS,  wbilst  that 

finally  obtained  from  the  oxide  may  contain  unequal  quantities  of  these  components^ 
partial  resolution  liaviog  oocnricd  as  a  xesuU  of  repeated  Dnctional  ciystalUsstioii. 
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wtahed ;  it  soon  solidified,  and  was  then  fractionally  crystallised  from 
mq^amm  acetone.  The  sevenU  deposits  were  f  nriher  treated  system- 
aitically  with  moist  ethyl  acetate  and  aoetonei  alternately,  and  finally 
a  mentliylamine  salt,  melting  at  aboat  230^,  was  isolated. 

This  preparation  was  proved  to  be  identieal  with  the  compound 
obtained  by  snlphonating  the  oxide  with  solphorio  acid;  the 
dehydrated  salt  was  analysed : 

0-2044  gave  0*4532  CO,  and  0*1705  H,0.   0«-  60*5 ;  H »  9*3. 

0  16G1    „    0-3675  CO.  „   0-1409  H.O.    C-60-3;  H-9-4. 

0-2133    „    0-4742  COg  „   0  1848  H^O.    0  =  60-6 ;  H  =  9-6. 
C^^Hg^OyNoSoSio  requires  0  =  60*8  ;  H  =  9  2  per  cent. 

The  isolation  of  a  pure  menthylamine  salt  from  the  product  juat 
described  seemed  to  offer  le^s  difHcnlty  than  when  sulphuric  acid  was 
used  as  the  sulpbooating  agent,  but  as  the  two  series  of  experiments 
were  carried  oat  at  rather  distant  intervals,  the  behaviour  of  the  two 
erode  preparations  was  not  directly  compared. 

Chkrottdpkonie  AM, 

Since  phenylbenzylethylpropylsilicane  is  hydrolysed  by  sulphuric 
acid  with  separation  of  benzene  {loc.  cit.,  p.  223),  some  experiments 
were  made  to  see  whether  hydrolysis  could  be  avoided,  and  a  mono- 
sttlphonic  derivative  of  the  sUico-bjdrocarbon  obtained  by  using 
chlorosulf>honic  acid. 

Pure  pbenylbenzylethylpropylsilicane  was  dissolved  in  chloroform, 
and  chlorosul phonic  acid  (1  mol.),  also  dissolved  in  chloroform,  was 
slowly  added,  cooling  in  ice :  towards  the  end  of  the  operation 
hydrogen  chloride  was  evolved,  but  on  testing  a  small  quantity  of  the 
sohition  it  was  found  to  contain  a  large  proportion  of  an  oil  which 
was  insoluble  in  water.  A  chloroform  solution  of  chlorosulphonic 
add  (1  moL)  was  then  slowly  run  in,  testing  from  time  to  time,  but  it 
was  not  until  the  whole  of  tiiis  had  been  added  that  the  sniphonation 
was  oomplete.  These  observations  seemed  to  show  that  the  silico- 
hydrocarbon  was  first  decomposed  by  the  chlorosulphonic  acid, 
ptobablyin  accordance  with  the  following  equation:  SiFhBsEtPr+ 
SO^HCl  -  SiBsBtPKn  +  O^H  ^-SOgH. 

Ihe  chloroform  having  been  distilled  in  steam,  the  clear  aqueous 
solotion  was  neutralised  with  ammonia,  and  treated  with  excess  of 
l-menthyUmine  hydrochloride:  the  precipitated  menthylamine  salt 
soon  solidified  and  was  repeatedly  crystallised,  using  first  aqueous 
acetone,  then  anhydrous  acetone,  and  finally  wet  ethyl  acetate  ;  from 
the  last-named  solvent  the  salt  was  ultimately  obtained  in  colourless, 
lustrous,  hydrated  crystals  melting  at  about  230°. 

M 
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The  anhydrous  salt  was  analysed  : 

0  1 888  substance  gave  0-4192  COoand  0  1573  H2O.  C  =  60-5;  H  =  9-3. 

0-1628      „         „  0  3625CO2  „  0  1376  HgO.  0  =  60*7; H  =  9-4. 

These  results  agree  with  those  (C  =  60-8  ;  Hss  9'2)  required,  for  the 
menthylamine  salt  derived  from  benzylethylpropylsilioyl  oxide,  and 
the  identity  of  this  preparation  with  the  latter  was  completely  estab- 
liihed.  The  action  of  chlorosulphonio  acid  on  the  flilieo-hydrocarbon, 
therefore, »  similar  to  that  of  enlphnric  aeid  ae  regards  the  elimination 
of  the  phenyl  radiele. 

BenzyUthyldipropylaUicane, 

In  the  preparation  of  bensylethylpropylsilicyl  chloride  from  mole- 
cular proportions  of  bensyletliylsilioon  dicUoride  and  magnesium 
propyl  brmnide^  a  considerable  proportion  of  the  dichloride  seems  to  be 
unchanged  (loe,  ciL,  p.  722) ;  after  fractionally  distilling  the  product 
many  times,  and  separating  the  bensylethylpropylsilicyl  chloride  and 
compounds  of  higher  boiling  point,  there  remains  a  liquid  which 
passes  over  from  about  180 — 190**,  and  which  Is  doubtless  a  mixture 
of  the  dichloride  and  its  propyl  derivative. 

This  material  was  utilised  for  the  preparation  of  benzylethyldi- 
propylsilicane,  and  for  this  purpose  it  was  treated  with  excess  of 
magnesium  propyl  bromide  in  the  usual  way;  in  order  to  ensure 
complete  interaction  the  ether  was  then  distilled  and  the  pasty  mass 
heated  in  an  oil-bath  at  130°  for  about  two  honrf.  After  cooling  and 
dissolving  the  magnesium  salts  in  water,  the  oily  product  was  separ- 
ated and  submitted  to  systematic  fractional  distillation.  The  liquid 
finally  collected  at  178°  (50  mm.)  was  redistilled  under  atmospherio 
pressure  and  the  portion  boiling  at  280°  was  analysed  : 

0*1708  gav0O'471O  00,  and  01729  H,0.   0-76-2;  H»l]*2. 
CisHg^Si  requires  0-76-8 ;  H- 11*1  per  cent. 

JBmusylethyldipropi/UUham  is  a  colourless,  mobile,  highly  refractive 
liquid,  very  similar  to  benzylmethylethylpropylsilicane  and  other 
homologues  which  have  already  been  deeerlbed. 

StUphonalion  of  Benzi/lethj/ldipropylsilieane  with  Chloro8tUj)honie  Add, 

The  sulphonic  derivative  of  benzjlethyldipropylsilicane  was  obtained 
very  easily  by  treating  the  silico-hydroearbon  with  chlorosnlphonic 
add ;  the  operation  was  carried  out  in  chloroform  solution,  and  the 
add  then  converted  into  Its  ammonium  salt  exactly  as  described  in  the 
preparation  of  ammonium  bensylmethylethylpropylsUieanesulphonate 
{too,  eU.,  p.jJ39.)    The  ammonium  salt  was  next  treated  with 
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l*m«ntliyUuDme  hydrochloride  in  aqueous  flolation,  and  the  oolonrleaSt 
lolid  predpiiate  separated  by  filtration. 


\-MentIiyla mine  Benzyhihyldipro pyl silicanefmlphiOnaiSf 
SiEtPr,-CH,-C«H4-SO,H,C,oH„-N 

The  crude  s.ilt  is  readily  soluble  in  wet  light  petroleum,  but 
separates  on  cooling  in  lustrous,  rather  poorly  de6ned  plates  ;  after 
repeated  crystal  I  isation  from  this  solvent  it  is  obtained  in  a  pure 
condition,  a  small  quantity  of  some  oily  by-product  passing  into  the 

mother  liquors. 

A  sample  of  the  salt  dried  in  the  air  until  constant  was  heated 
at  100°: 

0*2240  lost  0*01 59  H^O.   H,0  -71. 

C^jH^rOgNSSi  +  2^,0  requires  H,0  =  7*1  per  oent 

An  analysis  of  the  anhydrous  salt  gave  the  following  result : 

0-1143  gave  0-2667  COj ;  0-1050  H2O.    C  =  63-6  ;  H-10-2. 
O^^H^yOgNSSi  requires  C«  63  9 ;  H«  10  0  per  oent. 

The  equivalent  of  the  salt  was  also  determined  by  the  method 
previously  used;  the  value  obtained  was  470*8  instead  of  469*4 
required  by  theory. 

The  specific  rotation  was  determined  in  methyl-alcoholie  solution  : 

0  589,  ma  le  up  to  25  c.c.  in  a^2-dcm.  tube,  gave  a  -0-70°,  whence 

Anhydrous  mtnihylamine  hentj^Mj^ipropi/hUietmuulphona^  melts 
at  135^  the  hydrated  compound  at  62*5^63°;  it  is  practically  in- 
soluble in  water,  but  very  readily  soluble  in  all  the  ordinary  organic 
solvents,  including  dry  light  petroleum;  a  concentrated  solution  of 
the  salt  in  this  solvent  does  not  yield  ciystels  when  kept  over 
sulphuric  acid,  but  on  adding  a  little  water,  the  hydrated  compound 
separates  almost  immediately  on  the  water  globules,  and  when  the 
petroleum  is  thoroughly  wetted  almost  the  whole  of  the  salt  is  quickly 
deposited. 

In  this  respect,  in  outward  properties,  and  in  general  behaviour  this 
Fait  closely  resembles  the  corresponding  derivative  of  t/Z-bonzylmethyl- 
ethvlpropylsilicanesulphonic  acid  (loc.  cit.^  p.  735),  so  closely,  in  fact,  that 
tli(^  latter  can  hardly  be  regarded  as  a  definite  partially  racemic 
compound.  'J'he  8|)ecific  rotation  of  the  salt  of  the  dipropyl  derivative 
i^  also  very  nearly  tlie  same  as  that  of  the  derivative  of  the  externally 
compensated  acid,  which  was  found  to  be  [ajo  —  15°  in  methyl-alcoholic 
sokitioii* 
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Cinchonidine  Bem^UthjfldipropifUUicanmUphonaU, 

The  pure  menthylaniine  salt  was  decomposed  with  the  theoretical 
quantity  of  sodium  carbonate,  the  menthylamine  distilled  in  steam,  and 
the  resulting  sodium  f?alt  treated  with  cinchonidine  hydrochloride, 
(CjgH220N2,HCl  +  2IT  O),  in  aqueous  solution;  the  precipitated 
cincluynulinn  salt  was  then  recrystallised  several  times  from  aqueous 
alcohol,  from  which  it  separated  in  lustrous  prisms  melting  at 
191 — 192^  The  salt  is  readily  soluble  in  most  of  the  ordinary  oigatiio 
solvents,  but  only  sparingly  so  in  cold  ethyl  acetate  or  etlier,  and 
practically  insoluble  in  light  petroleum  or  water. 

Its  specific  rotation  was  determined  in  methyl-alcoholic  solntion  : 

0*4797,  made  up  to  25  c.c.  in  a  2-dom.  tnbe,  gave  a  -  2*66**,  whence 

The  resemblance  between  this  salt  and  the  corresponding  derivative 
of  the  c?/-acid  {loc.  cit.,  p.  743)  is  extremely  close,  the  latter  melting 
at  I9i — 195°,  and  having  a  specific  rotation  [ajo  -  72^. 


Cwehonidine  Hydrogmi  BmzyleOiyldipropylsilicamaulphonaU* 

This  salt  was  obtained  by  treating  the  normal  salt  with  ezeess  of 
hydrochloric  acid  in  methyl-alcoholic  eolation  and  then  predpitaMng 
with  water ;  the  oily  product  soon  solidified,  and  was  then  recrystal- 
lised from  aqueous  acetone.  It  crystallises  in  needles,  melting  and 
decomposing  at  222 — ^224*^,  and  resembles  the  corresponding  salt  of  the 
dhufAA  in  its  behaviour  towards  solvents. 


QumiM  BmzyUthyldiprapyUUiocmuulphanaU. 

The  addition  of  a  solution  of  quinino  hydrochloride  to  a  solution  of 
the  sodium  salt  caused  the  precipitation  of  an  oil  which  soon  solidi6ed. 
The  precipitate  was  washed  well  with  water  and  crystallised  from  a 
mixture  of  ethyl  acetate  and  light  petroleum  until  a  constant  melting 
point  was  attained. 

The  salt  formed  long,  colourless,  lustrous  needles,  melted  sharply  at 
175%  and  was  readily  soluble  in  ethyl  acetate,  alcohol,  acetone,  etheri 
or  benzene,  but  practically  insoluble  in  light  petroleum  or  water. 

Its  specific  rotation  was  determined  in  methyl-alcoholic  solution : 

0'216,  made  up  to  25  c.c.  in  a  2'dcm.  tube,  gave  a  -  194%  whence 
[ajo  -112-3°. 
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Qummt  Hydrogtn  BmzjfUthffldipropjfUUieamsHlphonate, 

This  oompoand  was  obtained  from  the  normal  eelt  in  the  usual 
manner  and  oryBtaltieed  from  aqueous  methyl  alcohol,  from  which  it 
separated  in  long,  colonrlese  needles  melting  at  223— 324^  It  was 
Miltible  in  chloroform,  but  practically  insoluble  in  ethyl  acetate, 
anhydroas  acetone,  or  ether.  Thi.s,  and  the  normal  quinine  salt, 
were  very  similar  to  the  correcipoudiDg  derivatives  of  the  cW-acid  (loc. 
cu.,  p.  742). 

DiphmylMyUUieyl  Chloride,  SiPh^EtC!. 

The  interaction  of  ethylsilicon  trichloride  and  magnesium  phenyl 
bromide  has  already  been  described  {foo.  eit,^  p.  215),  and  it  has  been 
stated  that  after  isolating  the  main  product,  phenylethylsilicon 
diehlorido,  by  fractional  distillation  there  remains  a  considerable 
qnantity  of  a  dark  yellow  or  brown  oil  hoiling  above  240°  (atmoepheric 
pfownre).  This  by-product,  accnmolated  from  many  preparations,  was 
sabmitled  to  systematic  fractional  distillation  under  reduced  pressurey 
Qsing  »  rod  and  disk  column,  and  ultimately,  after  separating  the 
dipbenyl,  three  silicon  compounds  were  isolated  from  it^  namely, 
dijphenylethylsilieyl  chloride,  triphenylsilicyl  chloride,  and  triphenyl- 
siliooi 

IHphenyUthylsilicyl  Munde  is  a  fuming,  mobile  liquid,  boiling  at 
about  240^  (115  mm.)  and  at  206—208^  (60  mm.);  the  freshly- 
distilled  liquid  was  colourless,  but  after  a  short  time  some  of  the 
fractions  became  pink,  some  green,  probably  owing  to  traces  of 
impurity.  The  fraction  collected  at  206 — 208°  (50  mm.),  after  many 
distillations  under  diiferent  pressures,  did  not  alter  in  bulling  point 
appreciably  when  re-distilled,  and  on  analysis: 

0*9329  gave  0  5524  AgOl.    CI  =  14-6. 

A  volumetric  estimation  of  the  chlorine  in  the  same  sample  gave  ; 
01»141. 

Oi4H|^ClSi  requires  01 » 14*4  per  cent. 
IKphenylethylsilicyl  chloride  reacts  readily  with  p-toluidine  in  light 
petroleum  solution,  but  the  product  could  not  be  separated  from  the 
l»-toluidine  hydrochloride  without  adding  water,  the  result  being  that 
the  toluidide  was  completely  decomposed. 


DiplmijfM^icj^  Oeuls,  (Ph,EtSi),0. 

Diphenylethylsilicol,  like  Itenzylethylpropylsilicol  {loc.  ext.,  p.  726) 
and  phenylethylpropylsilicol  {loc.  cit.,  p.  219),  shows  a  grait  tendency 
to  pass  into  the  corresponding  ojude,  and  up  to  the  present  no 
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preparation  giving  patisfaotory  analytical  results  has  been  obtained. 
When  diphenylethylsilicyl  chloride  is  decomposed  with  water,  the 
resulting  oil  extracted,  and  kept  over  sulphuric  acid,  a  crystalline 
substance  is  deposited  in  the  course  of  a  few  days.  This  product  ia 
the  oxide  ;  it  separates  from  aqueous  methyl  alcohol  in  well-defined, 
colourless,  rhomboidal  plates  melting  at  65 — 66°,  and. is  readily  soluble 
in  the  common  alcohols,  but  only  moderately  so  in  cold  chlorofomiy 
ether,  light  petroleum,  or  benxene : 

01487  gave  0-4U1  00,  and  00927  HO^   0-76*0;  H-6-9. 

0-1691    „   0*4446  00,      0-0980  H^O.   0-76*2;  H -6*8. 
O^gHgoOSi,  reqairee  0-76*6 ;  H- 6*8  per  cent. 

The  conditions  under  which  the  sllieol  passes  into  the  oxide  and 
▼ice  versa  have  not  yet  been  studied. 

Tripkenylsilicyl  C/doride,  Ph,SiCl 

The  fractions  of  the  crude  by-product  (p.  207)  collected  from  about 
260 — 830°  (60  mm.)  solidified  more  or  less  completely,  and  the  crystal- 
line deposit  was  separated  by  filtration  and  then  washed  with  light 
petroleum  in  a  stream  of  dry  air.  After  several  crystallisations  from 
boiling  light  petroleum,  in  which  the  substance  was  readily  soluble,  it 
was  obtained  in  colourless  prisms  melting  at  110— ;lll^  This  product 
did  not  fume  appreciably  in  the  air,  but  as  it  was  readily  decomposed 
by  water,  it  was  necessary  to  exclude  all  moisture  during  its  purifica- 
tion ;  it  gave  an  immediate  precipitate  of  silver  chloride  when  added 
to  an  alcoholic  solution  of  silver  iiiti-ate,  and  on  exposure  to  the  air  it 
underwent  decomposition,  giving,  after  many  days'  exposure,  a  sample 
of  triphenylsilicol  melting  at  about  145 — 147°. 

The  following  analysis  of  the  compound  and  its  behaviour  towards 
water  showed  that  it  was  triphenylsilicyl  chloride  : 

0-2607  gave  (volnmetrically)  0-0303  CI.    CI  =  12-1. 

CjgUjjCiSi  requires  Gl » 12*0  per  cent. 

The  occurrence  of  this  compound  in  the  product  of  the  interaction  of 
ethylsilicon  trichloride  and  magnesium  phenyl  bromide  is  possibly  due 
to  the  presence  of  silicon  tetrachloride  as  impurity  in  the  ethyl  deriva- 
tive used,  but  as  the  latter  had  been  carefully  fractionated,  and  as 
the  relative  quantity  of  the  tri[>henyl  derivative  was  considerable,  it 
may  be  that  the  ethyl  is  displaced  by  the  phenyl  group  during  the 
interaction. 

It  may  be  noted  that  triphenylsilicyl  chloride  was  first  obtained  in 

small  quantities  by  Kipping  and  Lloyd  (Trans.,  1901,  79,  449),  but 
the  melting  point  given  by  them  i.^  far  too  low  ;  unless  there  is 
plenty  of  material  at  disposal  for  recrystallisatiou,  it  is  difficult  to 
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avoid  some  slight  decomposition  bj  atmospheric  moi8ture»  and  the 
melting  point  then  rapidly  falls. 

Trip/ienylsUieol,  JPh^iOH. 

The  fiacUoDs  of  the  by<^prodiict  (p.  307)  oollected  from  aboat 
530 — i80°  (60  mm.)  also  solidified  fiartly,  owing  to  the  deposition  of  a 
compoiind  free  from  halogen ;  this  was  separated  and  recrystallised 
from  a  mixture  of  ether  and  light  petroleum,  from  which  it  was 
obtained  in  Itutrons  prisms  melting  at  150*5 — 151-5^  (uncorrected) : 

0-2099  gave  0-6042  00,  and  0  1142  HjO.    C  =  78-5;  H  =  6'0. 
Cj^Hj^OSi  requires  C  =  78'2  ;  H  =  5*8  per  cent. 

Thin  compound  was  identified  as  triphenylsilicol,  the  presence  of 
which  might  naturally  be  ascribed  to  the  unavoidable  action  of 
atmospheric  moisture  on  the  corresponding  chloride  during  distil la- 
tioOy  dm.,  but  as  it  was  obtained  in  such  large  relative  quantities 
its  occurrence  may  possibly  be  due  to  the  decomposition  of  the  ether 
used  in  the  Grignard  reaction. 

The  melting  point  of  triphenylsilicol  has  been  Tariously  given  as 
139— (Polls,  Jkr.,  1886,  19,  1019),  148»  (Kipping  and  Lloyd, 
loc  eO.),  1550  (DUth^  and  Eduardoff,  B».,  1904,  37,  1139), 
148—160^  (Ladenbnrg,  Ber.,  1907,  40,  2974);  a  sample  of  the 
ailieol  prepared  from  tiie  chloride  was  repeatedly  crystallised  from  a 
mixture  <^  ether  and  light  petroleum  uutU  three  suooessiYe  fractions 
■elled  simultaneously  ;  this  preparation  had  the  melting  point  given 
■bove  (150-5—151-5''). 

Tripkm^Hk^UiUeaw,  SiPh^Et 

This  silico-hydrucaibon  was  prepared  by  treating  triphenylsilicyl 
chloride  with  eiLctJSs  of  magnesium  ethyl  bromide ;  as  no  rise  in 
temperature  occurred  on  mixing  the  reagents,  the  ether  was  dis- 
tilled o£^,  and  the  residue  heated  in  an  oil-bath  at  130°  for  three  hours. 
After  cooling  and  adding  water,  the  product,  which  separated  as  a 
colourless  solid,  was  crystallised  several  times  from  light  petroleum. 
The  yield  was  practically  theoretical : 

01771  gftve  0-5390  00,  and  0*11 13  H,0.  C  -  83-0 ;  H  -  7*0. 
C^H^  requiree  0  »  83*2';  H  -  6-9  per  cent. 

THphenylethylsilicane  crystallises  in  rhomboidal  prisms  melting  at 
76^  and  is  readily  soluble  in  light  petroleum,  ether,  chloroform, 

beozene,  ethyl  acetate,  or  acetone,  only  moderately  so  in  alcohol,  and 

iuftoiuble  111  water. 

This  silico-hydi-ocarbon  seems  to  have  been  obtained  recently  by 
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Ladenburg*  {Ber.,  1907,  40,  2274),  together  with  triphenyleilicane, 
by  heating  triphenyisilicyl  bromide  with  zinc  ethyl;  aooordiog  to 
Ladenburg,  the  melting  point  is  72 — 74^. 

THphMylmstihyUiUcantf  Sif  h,Me. 

This  compound  was  prepared  from  triphenylsilicyl  chloride  and 
magnesium  methyl  iodide  in  a  eimilar  manner^  heating  at  180^  for 
three  hours.  It  was  purified  by  reorystellisation  from  light  petroleomy 
a  theoretioal  yield  being  obtained  : 

0-1773  gave  0-6389  CO^  and  0  1053  HgO.    C  =  82  9  ;  H  =  6-6. 
CigHjgSi  requires  C  =  83-1  ;  H  =  6*6  per  cent. 

This  compound  melts  at  67 — 67-5^,  but  otherwise  it  resembles  the 
ethyl  derivative  very  closely. 

(rovemment  grants,  for  which  the  authors  are  greatly  indebted  to 
the  Committee  of  tlie  Royal  Society,  have  been  used  to  cover  a  portion 
of  the  cost  of  this  investigation, 

Universitt  Gollsgb, 

KOTTINOHAII. 


XX. — The  Esterifrcation  Constanta  of  ilie  Nomud 

FcUty  Adds, 

By  John  Joseph  Sudbobouoh  and  James  Mylam  Gittins. 

In  previous  papers  (Trans.,  1899»  75,  467;  1904,  86,  534;  1905, 
B7f  1840 ;  1907,  91,  1033),  the  esterification  constants  of  the  acids 
belonging  to  different  series  have  been  tabulated,  and  important 
oondosions  drawn  between  constitution  and  rate  of  esterification,  but 
so  fiftr  quantitative  measurements  of  the  velodties  of  esterification  of 
the  nonnal  fatty  acids  have  not  been  made.  We  have  made  a  series 
of  determinations  for  the  oonmionw  normal  acids,  and  the  results  are 
recorded  in  the  present  paper.  We  wished  to  determine  these  oonstants, 
not  merely  for  their  own  sake,  but  also  because  we  desired  to  compare 
these  values  with  those  obtained  for  the  phenylated  adds  of  formulte 
C^H.-CO^ll,  CA-CH.-CO.H,  CeHg-CCH^la-CO^H,  C,U,-[CH,]3-C02H, 

*  Accordiug  to  Ladeuburg  {loc.  ctL),  tiiphcnylsilicol  dissolves iu  fuiuiiig  jjiili»huric 
acid  on  waniiiiiu:  i^cntly,  find  is  rouvcrted  into  its  tiibulphonic  acid.  This  state- 
ment waii  su  dilticulL  to  tccuucilu  with  the  results  obtained  by  Kipping  and  Lloyd 
'  (|0S.  dL),  and  alto  with  moie  recent  experience  on  ailioon  eompbunda^  that  a  oom* 
mnnioatioa  was  made  to  Pkot  Ladenbmg  on  tha  aalgeot,  and  in  omSBqiMiiee  he  has 
•zpneaed  hia  intentioa  of  dealiug  with  the  matter  hi  the  BtridUt,^W,  &  K. 
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ftnd  C^'H.^'[C'H^\'(Xy^'H.  We  also  wished  to  compare  the  yaloes 
obtained  for  certain  unsaturated  acids  with  those  of  their  saturated 
analogues,  and  tiually  we  desired  to  make  a  comparison  between  the 
fatty  acids  and  some  of  the  simpler  ketouic  acida  in  order  to  deter- 
mine the  effect  of  the  replicement  of  two  atoms  of  hydrogen  by  one 
of  oxygen  on  the  rate  of  esteritication.  The  values  obtained  for  the 
phenylated  and  ketouic  acids  we  hope  to  present  shortly  to  the  Society. 

The  methyl  alcohol  used  in  the  experiments  described  in  this  paper 
was  Kahlbaum's  No.  1,  free  from  acetone,  and  was  purified  by  being 
boiled  with  1*5  per  cent,  of  metallic  calcium  in  the  form  of  turnings 
and  subsequent  distillation  (compare  Klason  and  Norlin,  Arkiv.  Kem. 
Min.  Gsol.,  1906,  2,  No.  24).  The  reaction  between  the  alcohol  and 
metal  is  much  more  vigorous  when  the  metal  has  been  freehly  turned ; 
bought  turnings  have  but  little  action.  The  specilic  gravity  of  the 
purified  aioohol  was  D^'*  0*7952,  and  it  waa  fonnd  to  give  valnes 
for  add  within  2  per  cent,  of  those  obtained  bj  aamplea  of 

aethjl  aleobol  previooalj  naed,  so  that  these  reanlta  are  comparable 
with  those  obtained  for  other  adds  with  the  exception  of  a  few  un- 
Silorated  acids  (Trans.,  1907, 91, 1033).  The  method  of  procedure  was 
flimilar  to  that  pievioasly  described  (Trans.,  1899,  76,  471 ;  1904, 
85, 541). 

The  Talnes  Em.ou  which  we  hare  obtained  are  as  follows : 


Aoid.  Ejiaoit* 

Fomiic   H*CO,H  1124 

Acetic    CHa'CO  JI  104 

Propionic    CHa-Cll.'CO^lI  91*9 

•-Butyric  ...  CH,-[CHJ2*C0.,H  fiO'O 

n- Valeric   CH/LCH.Oa'COill  53-5 

»-Hexoic   CH3-[CH;J/C0,H  61-5 

«»-Heptoie    CH3-[cn3]5-COaH  62-6 

»-Octoic   CIVLCHoVCO^H  54-6 

n-Nonoic   CH/(C  iirj/CO.II  63-6 

D«coic   CH^'LCHJ^-COali  61-8 

I*urio   CHj'lCHjIjo'OOjH  62*9 

Mvri^ti-   CH;[Cir,],n-CO..H  :,2'5 

Palmitic   CH/LCH.l./CO^Ii  497 

Stearic    CHj-LCHjjs-COgH  637 


The  veaolts  dearly  show  the  inhibiting  effect  prodnced  by  introducing 
small  radicles,  soch  as  methyl  and  ethyl,  into  the  formic  add  molecule. 
Equally  dear  is  the  fact  that  from  bntyric  add  onwards  the  rates  are 
very  neariy  the  same  for  the  different  adds,  so  that  an  increase  in  the 
length  of  the  normal  chain  produces  little  or  no  effect  on  the  rate  of 
esterifioation. 

The  vtdv0B  obtained  for  formic  and  acetic  adds  are  higher  than  any 
we  have  obtained  for  other  adds. 
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EXPKRIHBNTAL. 


If\trmic  Acid  (m.  p.  7*8''). 


^•"StreDgth  of  the  hydrochloric  ftdd 
after  mixiug  =0  001876  If, 

15  C.C.  of  the  akoliolic  solution  rcqttifed 
73  95  c.c.  of  0  02692  A'-baryta. 

t  iu  hours,  a-jc.  l/l,  log.  a/a  -  x. 

0*2  48-1  0-934 

0-8  38*95  0  y28 

0*96  S4'25  0*911 


M, — Strength  of  the  hydrochloric  acid 
after  mixin-,'  =0  001718  A'. 

15  c.c.  of  the  alcoholic  solution  required 
•f  0  02t)92  A^baryta- 

l/Mo^'.(//a  -X. 


OO'*;  c.c. 

I  iu  houi's.  a  -  x. 

0*2  41-25 

0-8  33*8 

0-4  28-4 

0-5  23-6 


0S3G 
0-845 
0-823 
0-819 


Mean  (corrected  for  A^'-hydrochloric  acid)  -      492*7  ;  S$  433*5. 


i!4itOH-138-l  X  2*3026=1124. 


AetticAM  (m.  p.  11% 

hydrochloric  acid 


J.— Strength  of  11   

after  mixiii<^  -0'008161Jy. 

15  cc.     the  alcoholic  eolation  required 
48*54  0.0.  of  0*08268  .AT-baiyta. 

I  in  houn.  a  -  %  l/<.l(^.a/a  -  «. 

0-5  81-45  0-377 

0*6  28-57  .  0*384 

07  26-95  0*365 

0*8  25-05  0*859 


B. — Strength  of  the  hydrochloric  acid 
after  mixing  =0*01153  N, 

16  CO.  of  Uie  alcoholic  eolation  required 
68  08  0.0.  of  0*08268  JV-baiyta. 

i  in  houn.  a^Xm  ]/<.log«a/a  -  as. 

0-4  42*4  0-518 

0-5  87*95  0-507 

0*6  33  58  0-511 

0*7  80*85  (0*491) 


Strength  of  the  hydrochloric  acid  after  mixing  s 0*008146  N, 

15  c.c*  of  the  alcoholic  solution  required  55 '95  c.c.  of  0*02692  iST-baryla. 


t  iu  hours.  a  -  x.  Ijt,  log.  iija  -  x, 

0-5  3til5  0-379 

0-6  33  15  0-379 

0*7  30-55  0-375 

0*8  28-20  0-372 


Mean  (uoneclod  for  A'-hydrochlori(  acid)  -  A,  \b  '>  ;  B  (first  three),  44*3  »  C,  46'2. 

£ii«ou  ^  45  -3  X  2-3026  - 164. 


Prapitmic  AM  (b.  p.  1397759  mm.). 

A, — Streugtli  of  the  hydrochloric  acid     i^.— JStreugth  of  tho  hydrochloric  acid 
after  mixing  sO'008214  IT.         \  after  mixiug  -^0*01870  N. 

15  CO.  of  the  alooholie  aolution  required     15  cc  of  the  aleohoUo  eolation  requirod 
46*88  CO.  of  0-08268  J^T-baiyta.  47*46  cc  of  0*08268  N-huyiA. 

t  in  hours,  a-z.  1/i.  log.  a/a  -  a.  ,    <  in  hours,  a  -  x.  1/Mog.  o/a  -  x, 

0*5  32  05  0  330  0-4  29*53  0-516 

0*6  29-65  0-333  0*5  26*38  0  510 

0-7  27-73  0*826  0*6  28*78  0*502 

0*8  25*83  0*824  ,        0*7  21*18  0*501 

Mean  (corrected  for  iT-hjdrochlorie  acid)  =  A,  89*9 ;  B,  89*9. 
l&£aHs89*9  X  2*80a6s91-i. 
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n-Butyrie  AM  (b.  |i.  l6V*/1fii  mm.). 


J. — Strcui^th  of  the  hydrochloric  acid 
after  ndziiig  s  0*009669  N. 

15  cc.  of  tiie  alcoholic  solution  requind 
46*S5  ce.  of  0-08247  N-beajtiu 

t  in  boaia.  a-  jc,  1/fclog.a/a  -  z. 

0-6  31  53  0-218 

0*7  32qH  0-218 

0-8  SI>88  0'218 

0-9  29-90  0-210 


JB. — Slreugtb  of  the  hydrocliloriu  acid 
after  miziog  stQ-QHTi  N, 

15  e.0.  of  tlio  aloohaUo  aolatioii  requirod 
46-8  cc.  of  0-08247  iMwiyta. 

t  in  hours,  a-x.  l/(.log.  aja  -  z, 

07  27  83  0-314 

0*8  25  88  0-816 

0-  9  94-05  0-816 

1-  0         22*28  0-817 


C. — StrangtJh  of  ihe  by«iroolilorie  add  after  miziiig  s 0*01474  ilT. 
16  CO.  of  the  aloolioUc  aolation  required  40*8  cc.  of  0*08347  i^baiyla. 


i  iu  hum's.  a -jr.  Ijl.log.a/a  -  x, 

0  7  27*88  0-821 
0-8  25-88  0*828 
0-9  24  03  0*822 

1  0  22-28  0-822 


Mean  (corrected  for  A'-hydrochloric  acidj  =  A,  21  9  ;  B,  21  4  ;  C,  21 '8. 

££oH  =  21  -7  X  2-3026  -=  60  0 


n-  I'aicric  Acid  ( 

^.->StrBOgth  of  tbe  hydrochloric  add 
aacr  mixing  =0  01307  A'. 

15  cc.  of  the  alcoliolir  sohition  rtt^aired 
46-35  cc  of  0  O;3-202  .V-barjta. 


t  in  houTd. 

1/tAog.a/a-x. 

07 

28*23 

0*808 

0*8 

2«-48 

0-304 

0-9 

2 1  •B3 

o-.ioi 

1-0 

23-23 

0-300 

Mean  (corrected  lor  -N'  liydioc 
Em,ou  =  23-2 


.  p.  185—186-6°). 

B. — StroDgth  of  the  hydrochloric  add 
after  mixing  =0  01307  N. 

15  cc.  of  the  alcoholic  solution  reqtiired 
46*24  cc.  ot  0  03262  A'-baryta. 


t  iu  lioura. 

a-  £. 

1/i.log.a/a-x. 

07 

88*2 

0*807 

0-8 

26 -I^  8 

0  305 

0*9 

21-73 

0-302 

10 

22 -98 

0  304 

hloiic  a<'ia)  -  23-2;  U,  23-3. 
5  X  •^•3026  =  63  6. 


n  Uexoic  Acid  (b.  p.  199-5—2007750  miu.). 


Strength  of  tho  hy  lio, Moric  add 
aft^  r  mixing  =  0-01 307  A'. 

15  fcC  of  the  alcoholic  sohition  required 
45-D  cc.  of  0  03-202  A'-baryta. 

t  in  hour*.     a -x.     l/V.log.a/a  - 


B. — Strangtli  of  the  hydKH  liloric  add 

after  mixing  =  0  01 307  N. 

16  c.c  of  the  alcoholic  solution  required 
45-83  c.c.  of  0  03262  A'-baryta. 

t  in  hours,  a-x.  IJl.log.aja - x, 

07  28  48  0*896 

0*86  25-98  0-290 

1*0  23-33  0-293 

1  1  21-90  0-292 

Heau  (corrected  for  A'-hydrochloric  acid)  =  J,  22  3  ;  B,  22*4. 
SjMH  =  22-86  X  2  -3026 = 51  -6. 
VUL.  XCIU.  Digitized  by  Google 


0  7 
0-85 

1  -o 

11 


a -X. 

28*68 

26-08 
23-58 
21  68 


0*892 

0-289 
0-289 
0-296 
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u-Heptoic  Acid  (b.  p.  223-5— 224*57772  mm.). 

wjL— Streii^tli  of  the  hydrochloric  acid     B. — Strengtli  of  the  hydrocliloric  add 
after  mixin^'  =  0  01307  N.  after  niixing=0  01305  .V. 

15  c.c.  of  the  alcoholic  solution  required     15  c.c.  of  the  alcoholic  solution  required 
45-68  c.c.  of  0  03262  A'- baryta,  45  81  c.c.  of  0  03262  A'- baryta. 


t  iu  hours. 

a-x. 

1/Mog.a/a  -  X. 

t  in  hourii. 

a-x. 

1//.  log.  a/a  -  X. 

0-7 

28*08 

0*802 

0-7 

28*05 

0-804 

0-85 

2;V(>3 

0-295 

0-85 

25*60 

0-297 

ro 

23-18 

0-295 

10 

23*16 

0-296 

1-1 

21-70 

0-294 

1-1 

21-85 

0-290 

Mean  (corrected  for  A'-hydrochloric  acidj  -     22-7  ;  H,  22*9. 
£jM>B  =  22  '8  X  2  '3026 =52*6. 


n^ctoic  Acid  (b.  p.  231*5—233-67765  mm. ;  m.  p.  14—15°). 

A, — Strength  of  the  hydrochloric  aoid     S, — Stmiufli  nf  the  hydrochloric  add 

aftoi  mixing  -  0-0115  .V.  uli^r  mixing  =0  0058  N. 

15  c.c.  of  the  alcoholic  solution  required     15  c.c.  of  the  alcoholic  snhitiou  required 
26-43  c.c.  of  0  05682  JV-baryta.  51-90  c.c.  of  0-0'2b88  ^V  haryU. 


i  iu  hours,     a-x.     1/i.log.o/a -x. 

t  in  hours. 

a-x. 

1/^.  log.  a/a 

0-5         10*84  0*271 

0*8 

40*18 

0*140 

0-6          18-20           0  270 

0-9 

33-98 

0-188 

0-7          17  10  0-270 

1-1 

36-68 

0-138 

0-8          16-12  0-268 

1-3 

34-33 

0138 

Mean  (corrected  for    -h}  diocl 

iluric  acid)  = 

A,  23-5  ; 

23-9. 

EiioOH = 23  -7  X  2  -3026  =  54  6. 


U'Honoic  Acid  (b.  p.  255—257°). 


.^.--Stfength  of  the  hydrochloric  add 
after  mixing  =  0*01 174  N, 

15  c.c.  of  the  alcoholic  solution  required 
52-65  C.C.  of  0-02888  A^- baryta. 

t  in  hours.     a  -  x.      1 //.log. a/a  -x. 

0-6  35-85  0-278 

0*7  83 -60  0-279 

0-8  31-70  0-275 

0-9  29-80  0-275 


J7. — Strength  of  the  hydrochloric 

after  mixing  =  0-018314  iV. 

15  C.c.  of  the  alcoholic  solution  i-equired 
52-43  c.c.  of  0-0-2888  A'-baryU. 

I  in  hours.     a-  z.      1/Mog  a/a  -  x. 

0-5  31-98  0-430 

0-6  29-20  0  424 

0-7  26-73  0-418 

0-8  24-45  0-414 


Mean  (corrected  for  0  05  A'-hydrochloric  acid)  =  .4,  23  6 ;  23-0. 


£jM>ii  -23*3  X  2*3026=68 -6. 


2>M0M  Acid  (b.  p.  270—2727766  mm. ;  m.  p.  29—31-6''). 

B. 


A. — Streogth  of  the  hydrochloric  acid 
after  mizing  =0*02285  N. 

15  c.c.  of  the  alcoholic  solution  required 
26  16  cc.  of  0*05682  iV-baryta. 

t  in  hours.     a-x.      1/Mog.o/a  -  x. 


0-6 
0-7 

0-H 

0  0 


a-x. 
13*18 
11-80 
10 -62 
9*60 


0-496 
0-494 
0-489 
0*484 


Strongt]i  of  Iba  hydrochloric  acid 
after  mixing  =0*0115  A*. 

15  c.c  of  the  alcoholic  solution  required 
26-25  C.C  of  0*05682  iS'-baryta. 

<  iu  hours.     a-.r.     1 /f.  log.  a/a -x. 


0-6 
0-7 
0-8 
0*9 


a  -  .r. 

18-20 
1714 

15*37 


0-265 
0-264 
0-261 
0-258 
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(f.^Stnogth  of  the  hydrocUorie  add 
after  mixing  =0*006989  Jf, 

15  c.f .  nf  tlie  alcoholic  solution  required 
•26-4S  c.c.  ol  0  06682  A'-I.aryta. 

iinhouisi.      a-jc.      1/f.log.a/rt  -  x. 

Od  20-90  0-171 

0-75  19-85  0-167 

0-9  18-90  0-163 

1  1  17-70  0  169 


i).— Strength  of  tbe  hydrochloric  tcid 

afUr  mixing  =0-0211  N. 

15  C.C.  of  the  alcoholic  solution  Te([aired 
50-4  c.c.  of  0-02692  iV-baryta. 

<  in  hours.     a-x.      1/^. log. a/a -a; 

0-5  29-20  0-474 

0*6  26-65  0*464 

0-7  23-96  0-462 

0  8  21-40  0-465 


A— Stittigth  of  the  bydroeUoric  add 
after  mixlDg  s  0*01 08  If. 

15  c.c.  of  the  al<  nliolio  solution  required 

50-33  c.c.  01  0  02692  iV  baiyta. 


t  in  hours. 

a-z. 

l/i.log.a/a  -  z. 

t  ill  houn}. 

a  -  j-. 

l/i.log.a/a 

0-5 

88-18 

0-240 

0-5 

37-68 

0-251 

0-6 

86*28 

0-287 

0-8 

81*98 

0-247 

0-7 

34-43 

0-235 

1-3 

24-28 

0  244 

0-8 

32-68 

0-234 

1-8 

18-68 

0-239 

Stxeogtfa  of  the  hydrochloric  add 
afler  mlxiiig  s0  01188  N. 

15  c.c.  of  thr  alcoholic  solution  roqnirod 
f>0-3:j  c.c.  of  0  02692  iV- baryta. 


Mean  (corrected  for  i^-hydrochloric  aciiH  :=      21-95  ;  i^,  22-78;  C,  23-61 ; 

D,  22-09  ;  E,  22-95;  21-55. 


EiM)H=22-o  X  2-3026  =  61  8. 


Laurie  Acid  (m.  p.  43*5°). 

it^trcDgth  of  the  hydrochloric  add  )  27.— Strengkh  of  the  hyilrochloric  add 

after  mixing  =0  0058  N.  after  mixing  =  0-0058  Ji. 


15  ce.  of  the  ah  oholic  solution  required      15  c.c.  of  the  alcoholic  solution  reqtdied 
51-9  c.c.  of  0  02888  .V-lmryta.  51-53  c.c.  of  0*02888  iV-baryta. 


t  in  hours. 

a-x. 

1/Mog.  a/a  -X. 

t  in  hours. 

a-x. 

l/i.log.a/a 

0  6 

42-88 

0-138 

0-9 

38-93 

0  135 

0-8 

40-58 

0*184 

1-1 

86*78 

0*188 

1-0 

38-23 

0-133 

IS 

34-73 

0-132 

1-2 

36  OS 

0-132 

1-5 

32-83 

0131 

Mean  (corrected  for  A^-hytlrochloric  acid)  =  A,  23*1  j  £,  22-88. 
Bj£oBs22-99  X  2*3026=68-9. 


MyrisUe  Acid  of  m.  p.  54"  (correct  m.  p.  «  53*8**)  was  used  in  ilT/SO 

soiation. 


A. — Sueugth  of  the  hydrochloric  ucid 
after  mixing  asO'01208  i^. 

15  ce.  of  the  alcoholic  soiation  required 
1 7  -4  C.C  of  0*02888  ilT-haiyta. 


t  ill  hour*. 
0*6 
07 
0*9 
1*0 


i/.— Strength  of  the  hydrochloric  acid 
after  mixing  =0*008871  If. 

15  O.C.  of  the  alooholie  aolntion  rec^uired 
17*12  0.0.  of  0*02888  if-baryta. 

I  in  hours.  a-x,  l//.log.  a  fa  -  x, 

0-66  12-70  0-200 

0*7  12-30  0-205 

0*8  11*70  0-207 

0*9  11*18  0*208 

Mean  (eorrseted  for  0*06  iV-hydiocMorio  acid)  =  A,  22-6 ;  B,  28-1. 

Ei£ou»  22-8  X  2*8026»58*6. 

Q  2 


a-x. 

11-90 
1115 
10*00 
9*45 


yLlog.afa  -  as. 
0-275 
0-27d 
0-267 
0*266 
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FalmUic  Acid  of  m.  p*  62—63°  was  used  in  i^/dO  solatioii. 


jf.— Strragth  of  the  bydrochloiic  add 

after  mixing  =0-01211  JVT. 

15  c.c.  of  the  alcoholic  solution  required 
16-3  C.C.  of  0  03268  iV-baryta. 


t  iu  hours. 

a-x. 

IjLlog.a/a-X, 

0*5 

11*32 

0*262 

0*6 

10-07 

0*361 

0-7 

10-02 

0*263 

0*8 

9-47 

0*260 

B,'~SttWgfli  of  the  hydrochloric  «eid 
after  mixing  =0  01 106  N. 

15  cc.  of  the  alcoliolic  solution  required 
16-8  c.c.  of  0-02692  iV-baryta. 

I  iu  hours,     a-x,     \jt. log. aja - x. 

0*5  12-8  0  236 

0*8  18*05  0-340 

0*7  11*40  0*241 

0*8  10-80  0*240 


Mean  (corrected  for  i^-hydrochloi ic  acid)  =  A,  21*6 ;  i?,  21*8. 
I^as21  -6  X  2-8026=48*7. 


Stearic  Acid  of  m.  p.  69 — 69*5°  was  used  in  iVVlOO  solution. 


^.—Strength  of  the  hydrochloric  acid 
after  mixing  =0-00948  N. 

15  c.c.  of  the  alcoholic  solution  required 
U-20  e.0.  of  0-010175  Jf-baiyta. 

tin  hours,  a-x.  lHAog,a/a^x, 

0*55  10-66  0-231 

0-66  10-26  0-221 

07  10  06  0218 

0*8  9*60  0*218 


Strength  of  the  liydrochloric  acid 
aitcr  uiixiiig  =0-0212  K 

15  cc.  of  the  alcoholic  solution  required 
11-4  cc  of  0-01281  Jf.baijtk 

I  in  hours,  a-x.  1/tlog.a/a - ae. 

0*5  6'40  0-501 

0*6  5-80  0-489 

07  5-15  0-493 

0*8  4-65  0*488 


Mean  (corrected  for  i^hydroehlorio  add)  =  A,  28*28 ;  B,  28*88. 
]&B«28*82  X  2*8026s5S*7. 


lioUs  on  the  ExpwvmnlU, 

1.  All  the  aeids  luod  were  Kahlbaum'e  pare  actde  which  had  been 
recently  distilled  or  crystallieed.  Hygroscopic  acids  were  distilled 
and  collected  in  receivers  which  were  kept  dry  by  means  of  phosphoric 
oxide.  After  the  add  had  been  weighed,  it  was  kept  in  a  desiccator 
for  several  hoars  before  being  used. 

2.  Witk  the  higher  adds  from  decoic  onwards,  floocolent  precipi- 
tates were  obtained  when  the  methyl-alcoholic  solutions  of  the  acid 
were  titrated  with  barium  hydroxide,  using  phenolpbthalein  as 
indicator.  We  made  several  titrations  with  the  pure  acids  in  order 
to  determine  whether  the  ft)riu;ition  of  the  precipitate  interfered  with 
the  accuracy  of  the  titration.  The  experiments  proved  that  very  good 
results  can  bo  obtained,  even  in  the  presence  of  a  precipitate,  provided 
that  the  titration  i.'^  conducted  in  a  <^ood  light. 

SSome  of  the  results  we  obtained  are  as  follows  : 
Myristic  acid  : 

20  c.c.  of  acid  solution  required  20-45  c.c.  of  standard  baryta. 
20  cc  „   „       „  „       20-45  c.c.  „       „  „ 

Theory  requires  20 '44* 
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Palmitic  aeid : 

0-2563  gnun  required  30*7  ce.  of  standard  baryta. 
0*2563  gram  30-7 

Theory  requires  30*66. 

8.  The  hig)ier  acid.s  are  only  sparingly  soluble  in  methyl  alcohol  at 
15°,  and  hence  rather  dilute  solutions  were  used  in  the  case  of 
nyristifiy  palmitic,  and  stearic  acids.  With  the  first  two  aoid%  ^/30 
and,  in  the  case  of  the  last,  N/lOO  solutiona  were  employed. 

A  saturated  solution  of  steario  acid  in  methyl  alcohol  at  16^  has  a 
coneentration  0*0111  A^. 

4.  In  the  case  of  the  titrations  of  a  mix  tore  of  methyl  formate  and 
formio  acid,  the  pink  coloration  persisted  for  a  minute  or  two  only, 
as  tlie  eeter  was  very  readily  hydrdysed. 

5.  Tbe  valaea  obtained  for  deooie  acid  show  that  the  constant 
tends  to  decreaae  with  the  concentration  of  the  add  more  markedly 
than  with  the  other  adds,  bot  the  oaose  of  this  we  have  not  been  able 
todetermineu 

We  wish  to  thank  the  Government  Grant  Uommitteo  of  the  llojal 
Societ^^  for  tinanciai  assistance  in  carrying  out  this  work. 

Tn  Edward  Davisb  CaaiitcAt.  Laboeatobus, 
ABsanrwrrB. 


XXL — Studies  in  FermentcUim.      Fart    11.  The 
Mechanism  of  Alcoholic  Fermentation. 

By  Abthus  Slatob,  Ph.D.,  D.So. 

ht  a  prerions  oommnnication  (Trans,,  1906,  89,  128),  it  was  shown 
that  much  information  concerning  the  velodty  of  alcoholic  fermenta* 
tion  bj  Hying  yeast  conld  be  obtained  by  measoring  the  initial 
Tsloeitj  of  HhB  reaction  nnder  varying  conditions.  By  this  means, 
such  disturbing  inflneneee  as  dianges  in  concentration  of  the  reagents, 
alteration  in  activity  of  the  yeast,  and  accumulation  of  the  products  of 
redaction  were  reduced  to  a  minimum.  Solutions  containing  definite 
quantities  of  the  reagents  were  kept  at  a  constant  temperature  in  a 
dosed  vessel,  which  was  connected  with  a  manometer.  The  amount  of 
fermentation  wliich  takes  place  in  a  short  interval  of  time  was 
measured  by  change  in  pressure,  owing  to  the  evolution  of  carbon 
diojdda     Supersaturation  was  overcome  by  vigorous  shaking.  A 
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number  of  measurements  were  given,  mainly  with  the  idea  of  showing 
the  scope  of  the  method  of  investigation.  In  the  present  communi- 
cation, the  fermentation  reactions  have  been  much  more  closely 
iDvestigated,  in  the  hope  of  throwing  some  light  on  the  mechanism  of 
fermentation. 

Alcoholic  fermentation  is  probably  not  a  single  chemical  reactiofii 
but  consists  of  a  series,  the  producti  of  one  reaction  being  the  reagents 
of  the  succeeding  one.  The  velocity  of  formation  of  alcohol  and 
carbon  dioxide  is  determined  by  the  •reaction  (or  reactions)  of  the 
aeries  which  proceeds  slowest. 

It  is  probable  that,  at  higher  temperatures  (30^),  under  the  conditions 
of  the  experiments  described  here,  one  single  reaction  is  the  main  factor 
in  controlling  the  velocity  of  eyolution  of  carbon  dioxide.  The  chief 
use  of  these  Telocity  measurements  is  to  famish  us  with  some  knowledge 
of  this  reaction.  The  results  determine  within  narrow  limits  what  the 
reaction  is.  Velocity  measurements  can  say  with  almost  certainty 
whether  a  given  compound  can  be  considered  an  intermediate  step  in 
fermentation.  Several  compounds  which  have  been  sui:ge.->ted  as  such 
intermediate  substances  are  not  in  agreement  witii  these  experiments.  ^ 

Thii  JniUal  VeloeUif  of  FtmtinMion, 

The  whole  of  this  investigation  is  a  consideration  of  the  initial 
velocity  of  formentutiun  under  varying  conditions.  Living  yeast 
exhibits  little  abnomialitv  when  it  starts  fei  nieiitation,  in  marked  con- 
trast  to  fermentation  by  preparatiou.s  from  yeast  as  "  Daiierhefe "  or 
yeast  juice.  Many  problems,  such  as  those  now  being  investigated 
by  A.  Harden  (/Voc.  Roy.  Sac,  1906,  77,  405),  cannot  be  attacked 
by  experiments  with  living  yeast,  but  a  great  number  of  the  simpler 
laws  governing  fermentation  can  be  much  more  easily  demonstrated 
by  the  use  of  the  living  organism.  Some  samples  of  yeast  show  the 
same  activity  immediately  on  mixing  as  they  show  some  hours  later. 
Fresh  yeast,  mixed  with  water,  retains  the  same  activity  for  a  consider- 
able time.  Examples  are  given  in  table  I.  Brewery  yeast  is  mixed 
with  water,  the  liquid  is  shaken,  and  a  given  volume  taken  out 
with  a  pipette.  It  is  mixed  with  dextrose  solution  to  give  5  grams 
of  dextrose  per  1(K>  c.c.  of  solution.  The  rate  of  evolution  of  gas 
from  50  c.c.  is  measured  in  the  apparatus  described  m  the  previous 
paper.  The  apparatus  has  been  slightly  altered,  in  that  the  horizontal 
tube  has  been  inclined  downwards,  so  that  if  any  liquid  froths  into 
this  part  of  the  apparatus  it  runs  into  the  rubber  connexion  and  can 
be  forced  back  into  the  bottle. 

Whenever  it  is  possible,  the  solutions  are  so  arranged  that 
readings  can  be  taken  every  iivu  iaiuute&.    Sometimes  it  convenient 
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to  have  enough  ye^ist  present  to  obtain  a  measurable  fermentation 
every  two  ruinutes.  When  such  is  the  case,  an  accurate  measure- 
ment of  Die  velocity  can  be  obtained  during  the  first  five  minutes  after 
mixing  the  solutions. 

No  nutrient  salts  were  added  to  the  solutions,  as  they  have  no 
direct  influence  on  the  fermentation.  The  experiments  were  mostly 
carried  oat  at  30^,  as  the  activity  of  the  yeast  changes  very  slowly  at  this 
temperature.  One  cm.  on  the  manometer  scale  oorresponds  with  a 
fermentation  of  approximately  8  milligrams  of  dextrose. 


Table  I. 

Velocity  in  cm. 

Temperature  30'.  per  10  mina. 

Ou  mixing  yeast  and  dextrose  solution   14  0 

After  2^  honra    14*4 

On  nixing  yeast  and  dextrose  solntion   10*7 

Aftf-r  35  Tniimt.'S    10-3 

Activity  of  fresh  yeast   7  2 

On  Btandiog  0T«niigbt  at  15*   7*1 


Sometimes  specimens  of  yeast  show  a  somewhat  varying  activity 
during  the  first  half -hour  of  fermentation,  and  then  the  reaction 
becomes  steady  and  proceeds  at  a  constant  velocity  for  several 
hours.  Throughout  this  investigation  only  comparative  experiments 
have  been  made,  and,  when  only  one  variable  (such  as  concentra- 
tion or  temperature)  is  altered  at  a  time,  there  is  no  difficulty  in 
obtaining  comparative  results.  The  pure  yeast  used  in  some  of  the 
experiments  was  obtained  by  inocculating  ordinary  sterile^  lightly 
hopped  brewers'  wort  of  sp.  gr.  1*040  with  the  culture,  and  allowing 
the  growth  and  fermentation  to  continue  for  about  a  week. 

Hanyof  the  coltnree  of  yeast  used  in  theso  experiments  were  a 
present  from  Mr.  A.  C.  Chapman  and  Mr.  F.  G.  S.  ^ker,  to  whom  I 
desire  to  express  my  indebtedness. 

The  FervienUUion  of  Lcsvidose. 

According  to  various  investigations,  the  rates  of  fermentation  of 
dextrose  and  Invulose  show  differences  depending  on  the  conditions  of 
the  experiments  and  the  variety  of  yeast  used  (for  a  summary  of  these 
experimento  see  Lippmann,  "  Die  Chemie  der  Zuckerarten,"  p.  866). 
It  ia  probable  that  the  differences  observed  are  due  to  the  growth  or 
to  changes  in  activity  of  the  yeast  during  the  time  of  the  experi- 
ment, for,  if  such  influences  are  eliminated,  the  rates  of  fermenta- 
tion of  dextrose  and  l»vulose  are  found  to  be  almost  identical. 

The  experimentB  were  carried  out  in  the  following  way.  The 
yeast  to  be  investigated  was  grown  in  wort  under  sterile  conditions, 
washed  by  dccantation  with  oold  water,  and  finally  shaken  with 
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water.  Twmify-five  ae.  of  the  mixture  were  added  to  26  ce.  of  a 
aeration  of  deztroee  containiiig  10  grams  of  sugar  per  100  c.a,  and 
the  velocity  of  formation  of  carbon  dioxide  was  measmned.  A  similar 
experiment  was  carried  out,  replacing  the  dextrose  by  Invulose.  A 

comparison  of  the  two  Telocities  gives  the  ratio  of  the  rate  of  fermenta- 
tion of  the  two  sugars.  Table  II  shows  that  this  ratio,  7i*,  is 
approximately  1.  SiiuiLir  experiments  with  5  per  cent,  invert  sugar 
show  that  the  mixture  of  the  two  sugars  also  ferments  at  approxi- 
mately the  same  rate  as  dextrose. 


Tabls  II. 


Tht  CcmpoToHim  VdocU^f  of 


ion  of  DMro99  and  Lmmdom. 


Ratio  R. 


Yeast. 

Saccliaromyces  urcvisuc   

cxiguus   

TfunnantiioMm 

ellipsoderis   

Carhberg  I  

ayieMiui  {Bern) 

fichizomcchanmjftti  Pinnbi  

Kefir  yeast   

Zymiu  *  

Hefenol  •   


ft 

t» 


Dextrose 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 


Lwvulose 
93 
102 
106 
105 
105 
lOS 

in 

91 
97 
100 


Invert  sugar. 
106 


*  Dfy  preparstioni  of  yeast  (see  later). 

If  brewery  yeast  is  partly  destroyed  by  various  reagents,  the  orippled 
yeast  also  ferments  dextrose  and  Invalose  at  the  same  rate* 


Table  III. 

Pcrcpntnpo  of  the 
Destroying  agent.         activity  debtroyed. 

Heat    41 

Alcohol   42 

Iodine   40 

AlkaU    35 


Batio  Jt. 


Dextrose 

100 
100 
100 
100 


L.'vvulose. 
100. 
99 
99 
93 


In  all  probability,  all  yeasts  and  preparations  from  yeast  ferment 
dextrose  and  lievulose  at  the  same  rate. 

Experiments  wore  also  carried  out  to  measure  the  influence  of  con- 
centration and  tomjierature  on  the  rate  of  fermentation  of  Injvulose. 
The  results  are  included  in  tables  X  and  XT.  As  in  the  case  of  the 
fermMitation  'of  dextrose,  tho  concentration  of  tlie  sugar  has  little 
influence  on  the  rate  of  fermentation.  The  influence  of  temperature 
18  practically  identical  with  that  on  the  rate  of  the  fermentation  of 
dextrose. 

These  experiments  show  that  Invnloee  can  replaoe  dextroee  in  a 
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fermenting  sol ri* ion  witliont  any  fbanpe  in  the  velocity  of  evolution  of 
carbon  dioxide.  When  we  consider  how  sensitive  the  velocity  of 
cbemicai  reactioDH,  especially  enzyme  reactiooa,  are  to  changes  of  con- 
ditioQS,  the  practical  identity  of  these  two  reactions  is  very  significant. 
It  is  possible,  bat  not  very  probable,  that  the  reaction  which  is 
nraMured  in  these  experiments  is  one  independent  of  the  sugar  entirely, 
the  sugar  being  involved  in  some  other  reaction  which  takes  pliioe 
later,  and  that  this  second  reaction  proceeds  so  rapidly  that  it  has  no 
contvoUiiig  influence  on  the  evolution  of  carbon  dioxide.  Another 
eiplaiiAtion  may  be  suggested,  namely,  that  dextrose  and  hsvulose  form  ' 
the  sflone  substance,  and  that  the  controlling  reaction  involves  this  sub* 
ilaiioe  in  such  a  way  that  the  velocity  is  the  same  whether  dextrose  or 
hmilose  is  used  in  the  experiments  For  instance,  it  has  been  suggested 
that  the  first  step  in  fermentation  is  the  formation  of  the  enoUe  form 
of  the  sugar.  The  enolic  forms  of  dextrose  and  Isevulose  are  the  same, 
and  here,  at  first  sight,  neems  a  possible  explanation  of  the  above 
results.  On  further  consideration,  difficulties  appear.  If  we  consider 
the  three  equilibria:  (1)  1)  zi^:  X,  (2)  L  X,  (3)  D  z=r  L  or 
D  —  X  L,  whore  D  and  L  reprcKent  dextrose  and  Itevulose  respec- 
tively, and  X  a  substance  such  as  the  enolic  form  of  the  sugars,  then 
it  is  easy  to  show  that  the  time  to  establish  the  eqiiilibrium  (3)  is  of 
the  same  order  as  the  time  to  establish  the  two  equilibria  (1)  and  (2). 
When  dextrose  or  lievulose  is  dissolved  in  water,  equilibrium  (3)  is  not 
established.*  There  is  no  indication  of  the  transformation  of  dextrose 
to  laevalose  in  neutral  or  slightly  acid  solutions,  and  therefore  the  re- 
actions D  — ^  X  and  L  — >-  X  must  proceed  exceedingly  slowly  in 
these  solutions,  so  slowly  that  it  is  impossible  to  consider  them  steps 
in  the  fermentation  reaction.  If  X  is  an  intermediate  compound  in 
the  reaction,  the  following  conditions  must  be  fulfilled :  the  reactions 
D  — >■  X,  L  — X  must  proceed  rapidly,  the  opposite  reactions 
X  — >>  D,  X  — >  L  must  proceed  slowly,  and  the  quantity  of  X 
present  at  any  given  time  must  be  very  small.  These  conditions  are 
satisfied  if  we  consider  X  to  be  a  compound  between  the  sugar  and  the 
ensyme,  and  with  certain  euppositioDS  we  can  construct  a  step  in  the 
Isvmentation  of  dextrose  and  Invulose  which  is  in  argeement  with  the 
velocity  experiments  and  is  not,  so  far  as  can  be  seen,  contradicted  hj 

•  It  ia  assumed  by  T.  .M.  Lowry  that  when  dextrose  dissolves  in  water  the  pro- 
p^»rtion  of  the  enolic  form  is  cxee('dinj:;1y  sniidl,  and  th  it  the  small  concentration 
prevents  the  rapid  e'ital.li.shTiient  of  tlie  cqnilihriiun  D™Ii  (Trans,,  1904,  85, 
1565).  A  small  equilibrium  couccntration  of  the  enolic  iorm  is  no  bar  whatever  to 
tiie  tnasfinmiatioB  of  deztraie  into  lievuhMM.  It  mast  bs  sMnnifd  tint  when 
deztioM  is  dissolved  in  water  the  smonnt  of  onol  fermed  is  apptoxlmstely  u  tnisU 
eoaipsrad  to  its  eoofitntrstion  wh«n  the  equilibrium  IK^X  is  established  as  the 
smonnt  of  Icerulooe  formed  is  to  it*  concentration  when  tbe  e<|niUbriiun  D^^L  is 
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any  of  the  known  properties  of  the  reaction.  The  assumptions  are  that 
the  whole  of  the  enzyme  is  combined  with  the  dextrose  or  Ifevnlose, 
that  the  compound  formed  in  each  case  is  the  same,  and  that  there  is 
no  appreciable  decomposition  of  the  compound  back  again  to  dextrose 
and  la^vulose,*  The  two  important  results  explained  by  such  a 
hypothesis  are  that  the  velocity  of  fermentation  is  independent  of  the 
oonoentratioQ  of  the  sugar  between  certain  limits,  and  that  dextrose 
and  IflBToloBe  ferniAnt  at  the  same  rate.  There  is  no  diffionltj  in  con- 
structing snoh  a  componndy  but  a  discussion  of  its  nature  is  reserved 
ontil  the  results  of  ihe  measurements  of  the  velooity  of  fermentation 
of  galactose  and  mannose  are  described. 

This  hypothesis  is  also  in  agreement  with  results  obtained  from 
experiments  with  inyert  sugar.  Invert  sugar  ferments  at  the  same 
rate  as  dextrose  and  Isvulose.  The  evolution  of  carbon  dioxide 
depends  on  the  quantity  of  the  compound  X  present,  and  this  amount 
is  the  same  whether  it  is  formed  only  from  dextrose  or  only  from 
liBVulose,  or  from  both. 

That  dextrose  and  hovulose  ferment  at  the  same  rate  in  separate  solu- 
tions does  not  necessarily  mean  that,  during  the  fermentation  of  invert 
sugar,  dextrose  and  Isvulose  disappear  at  the  same  rate.  In  some  cases, 
a  residue  rich  in  Isvnlose  is  obtained  after  partial  fermentation,  and 
under  other  conditions  the  laevulose  disappears  faster  than  the  dextrose 
(Lippmann,  loe.  cit.f  p.  934).  The  relative  rate  of  the  two  fast  reactions 
D  — >-  X  and  L  — >-  X  is  the  dotcniiinin*::  factor  which  settles 
whether  a  preponderance  of  dextrose  or  Uevuloso  disappears  in  the  iirst 
part  of  he  fermentation  of  invert  sugar.  We  need  only  suppose  a 
change  in  the  relative  rate  of  the  two  reactions  by  a  variation  in  the 
conditions  of  the  experiments  to  afford  a  plausible  explanation  of  the 
varying  results  obtained  by  different  investigations.  It  is  improbable 
that  the  somewhat  different  rates  of  diffusion  of  dextrose  and  Ipcvulose 
into  the  cell  play  any  important  part  in  determining  whether  dextrose 
or  hevulose  disappears  the  faster  from  the  solution  ((K)mpare  Prior 
and  Schultz,  ZeUach.  angew,  Ghmi^^  ldOI»  14,  208). 

Tki  Fermmtaltion  QcHaeUm, 

Numerous  investigations  (see  Lippmann,  loc.  cit.,  p.  734)  which  have 
been  carried  out  in  connexion  with  the  action  of  yeast  on  galactose 

*  The  fact  that  the  equilibrium  D^L  is  not  rapidly  established,  although  the 

sugars  quickly  form  a  corapoimd  with  the  enzyme  which  is  the  aame  in  each  case, 
may  jjerhaps  ho  made  cloarcr  by  the  following  example.  When  a  littlo  plienyl- 
hydraziuc  is  added  to  a  dextrose  sulution,  i  small  quantity  of  usjuoue  may  be 
formed,  which  is  the  same  osa.^one  a^  that  formed  when  a  similar  exjtcrimeot  is 
carried  out  with  IsBTiiloeo  sad  phenylhydrssine.  At  the  seme  time,  phenylhydiuine 
does  not  sot  as  a  ostalytic  a^pnt  rapidly  establishing  the  eqqiUbfiiwi  D^L. 
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show  that  there  Ls  a  considerable  differencd  in  the  fermentation  of  this 
sugar  compared  with  that  of  dextrose  and  Isevulose.  In  the  first  place, 
ell  yeasts  do  not  ferment  this  sa^ar,  and,  further,  those  that  have  this 
property  possess  it  only  alter  the  yeast  has  become  acclimatised  "  by 
growing  in  the  presence  of  the  soger.  Most  varieties  of  yeast  mot  lees 
yigorouBiy  on  galactose  than  on  deztmee,  although  a  few  yeasts  ate 
deseribed  which  ferment  galactose  more  rapidly  than  dextrose.  Bxperi- 
nents  with  a  laige  number  of  yeasts  lead  E.  F.  Armstrong  (Ptoe. 
Aoy.  8de,f  1905,  76,  600)  to  oondude  that  the  fermentations  of 
dextroee  and  galactose  are  brought  about  by  different  mechanisms. 

In  this  investigation,  the  abcUmattsation  of  the  yeasts  was  first 
Tsrified.  It  was  found  that  ordinary  brewery  yeast  had  no  action  on 
galaeftoea  The  specimen  of  galactose  (Eahlbaum's)  used  in  the  first 
experiments  contained  a  small  quantity  of  dextrose,  for  on  submitting 
the  sugar  to  the  action  of  yeast  in  the  apparatus  a  small  fall  in  pressure 
was  noticed.  In  a  short  time,  the  whole  of  the  impurity  had  disappeared, 
and  the  evolution  of  gas  was  merely  due  to  the  autofermentation  of 
the  yeast«i  (compare  Armstrong).  The  galactose  solution  was  easily 
freed  from  fermentable  substances  by  treatment  with  brewery  yeast. 

Experiments  were  then  carried  out  with  some  pure  yeast  cultures. 
Two  growths  of  .S*.  Carlsberg  1  were  obtained,  one  by  growth  in  ordinary 
malt  wort  of  sp.  gr.  1  040,  and  the  other  in  a  solution  of  hydrolysed 
lactose  (dextrose  and  galactose)  to  which  a  small  quantity  of  wort  had 
been  added  to  supply  the  necessary  food  for  the  yeast.  The  yeast  crop 
was  in  each  case  washed  by  decantation  with  cold  water,  and  the 
activity  of  the  yeast  estimated  in  the  same  way  as  that  used  in  the 
investigation  of  l»vulose.  The  rate  of  fermentation  of  2}  per  cent, 
dextrose  was  compared  directly  with  that  of  2^  per  oent.  galactose.  In 
the  caaes  where  Uie  rate  of  fermentation  of  galactose  wae  very  smalls 
a  correction  was  made  for  the  autofermentation  of  the  yeast. 

Figttres  given  in  table  XV  show  that  yeast  grown  in  wort  is  incap- 
able of  fermenting  galactose^  the  rate  of  fermentation  of  dextroee 
being  at  least  one  hundred  times  greater  than  that  of  galactose.  Teast 
grown  in  the  second  solution  ferments  this  sugar  with  a  velocity  com- 
parabie  with  that  of  the  fermentation  of  deztroaei 

A  number  of  experiments  were  carried  out  with  other  varieties  of 
yeasts  and  with  various  growths.  The  results  are  summarised  in  the 
second  part  of  the  table. 
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Table  IV. 
THb  AcdimatimUion  of  YwmU  to  Gaiaeio$$, 

S,  CarUbcrg  1  grown  in  woi^ 

Autoferraentatiou    0'15  cm.  per  10  miiu. 

2^  per  cent  galactose   0*10  „  „ 

2{  aextroae   4*00  „  ,» 

Ratio  Jesl00:<l. 

S,  Carhherg  1  grown  in  hydrolyscd  lactose. 

2^  per  cent,  galactose   6*3  cm.  per  10  minn. 

2{     „      dextroM   7*3  „  m 

Ratio  iZslOO :  86. 

Ratio  JS. 


Yeast  bextiose 

8,  OarUberg  I      grown  in  wort    100 

»,  M      hydrolyscd  lactoM  ...  100 

8*  tereMm  »,      wort    100 

„      liydrolyaad  lactose  ...  100 

S,  ThcT^natUUonum  wort    100 

„  H      hydrolysed  lactose  ...  100 

8,  Ludwigii  „      wort    100 

tl      hydrolyscd  lactose  ...  100 


Galactose. 

<1 

86,  88,  85,  25,  46 
51,  69,  54,  155 
<1 

21,  26,  29 

<1 

77,  63,  85 

<1 

<1 


From  this  table,  it  is  seen  that  yeasts  grown  in  solutions  which  do 
not  contain  galactose  have  not  the  property  of  fermenting  this  sugar. 
Some  acquire  this  property  on  growing  in  the  presence  of  galactose. 
The  ratio  R  varies  greatly  with  the  conditions  of  growth  ;  thus  growths 
of  S.  Carhherg  1  have  been  obtained  which  giv(»  values  varying  between 
100:0  and  100:155.  The  influence  of  various  oonditioDS  on  this 
factor  have  not  yet  been  studied. 

These  experiments  suggest  many  problems  in  connexion  with  this 
sugar. 

It  hn.s  been  found  possible  to  acclimatise  a  yeast  so  that-it  ferments 
galactose  half  as  fast  again  as  dextrose  ;  it  would  be  of  interest  to  find 
if  yeasts  could  be  acclimatised  still  further,  and  what  the  limit  of 
activity  to  galactose  is.  Again,  can  yeasts,  which  are  considered 
incapable  of  fermenting  galactose,  be  made  to  acquire  this  property 
after  saccessive  growths  in  the  preeence  of  this  sugar  t  In  investiga- 
tions on  such  lines,  measuretaents  of  the  ratio  R  would  be  of  much 
value.  This  ratio  may  also  serve  as  a  help  in  the  identification  of 
different  varieties  of  yeast. 

If  a  given  variety  of  yeasty  which  is  quite  incapable  of  fermenting 
galactose,  acquires  this  property  even  after  one  growth  in  the  presence 
of  this  sugar,  it  is  conceivable  that  some  varieties  of  yeast  may  be 
trained  to  ferment  sugars  which  have  bo  far  been  considered  un* 
fermentable. 
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The  incapability  of  yeasts  of  fennenting  galactose  before  aoclimatisa- 
tion  will  explain  nearly  all  the  oonflicting  results  which  have  been 
obtained  in  various  inTestigations  of  the  fermentation  o{  this  sugar. 
One  eaounple  will  soffiee.  A  yeast  has  been  deseribed  by  Fiseher  and 
Thierf elder  (An*.,  1894,  27,  8031)  which  ferments  galactose  only 
pertly,  bnt  ferments  lactose  entirely.  The  yeast  evidently  contains 
the  ensyme  lactase.  It  is  more  easily  acclimatised  when  grown  in  the 
presence  of  dextrose  and  galactose  than  when  galactose  only  is  present ; 
hence  th«  eorioiis  result  that  this  yeast  ferments  lactose  more  readily 
then  galactose. 

The  efffect  of  variations  of  concentration  of  galactose,  and  change  in 
temperature  on  the  velocity  of  fermentation,  are  included  in  tables  X 
and  XI. 

It  is  evident  that  considerable  differences  exist  in  the  way  galactose 
and  dextrose  are  fermented,  and  it  might  almost  be  thought  that  they 
are  two  separate  and  distinct  reactions,  possibly  i>rought  about  by 
different  enzymes.  It  is,  however,  easily  shown  that  thits  is  not 
entirely  tho  ciise.  If  these  two  reactions  were  quite  distinct,  and  no 
interference  between  them  took  place,  the  rate  of  evolution  of  carbon 
dioxide  from  the  fermentation  of  a  mixture  of  the  two  sugars  would 
be  the  sum  of  the  rates  of  the  two  singly.  Experiments  with  2^  per 
esni.  sugar  solutions  show  that  this  is  not  the  case.  The  rate  of 
fermentation  of  a  solution  of  2^  per  cent,  dextrose  and  2  J  per  centb 
galactose  is  vwj  considerably  below  the  sum  of  the  rates  of  the  two 
tesctions  measured  singly,  and  is  usually  somewhat  higher  than  the  rate 
of  fermentation  of  2}  per  centw  dextrose.  The  dextrose  is  the  main 
fsdor  in  determining  the  velocity  of  reaction.  This  is  specially 
brought  out  in  the  experiment  with  yeast  which  is  more  reactive  to 
galactose  than  dextrose.  An  addition  of  dextrose  to  the  fermenting 
galactose  causes  an  appreciable  diminution  in  the  velocity  of  evolution 
of  gas.  The  results  are  given  in  taUe  T.  The  yeast  was  in  each 
case  grown  in  hydrolysed  lactose  solution  and  washed  by  deoantation 
with  water.  Ilie  rate  of  fermentation  of  dextrose'  is  called  100, 
in  order  to  easily  compare  the  different  experiments.  It  has  bsen 
previously  shown  that  yeast  which  has  been  partly  destroyed  still 
ferments  dextrose  and  lievulobe  at  approximately  the  sauio  rate  (table 
II).  Similar  experiments  werecarried  out  with  dextrose  and  ^'alactose. 
Tue  ratio  A'  was  measured  for  a  given  specimen  of  yeast,  tiio  yeast 
was  partly  destroyed  by  heat  or  by  treatment  with  alcohol,  and  the 
ratio  again  measured.  The  results  are  also  included  in  table  V. 
They  show  that  the  ratio  R  may  alter  considerably  when  the  yeast 
ha»  undergone  such  treatment. 
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Table  V. 

Tkt  Kiiinitdianeoyra  FermerUalion  of  DextroiM  and  Galactose. 


YeMt  DeztroM :  OalMtMo 

S.  c&nvisicB    ino  o 

„    100     :  34 

a,  CarlsUrg  1    lOU    :  96 

„    100    :  155 

8*  TktrnumUtonum   100  76 


DaztroM + GalactoM. 

108 

103 
110 
119 
1S4 


The  £jffect  of  hJiibiiiny  Agents  on  the  liatio  R. 

Ratio 


Inhibiting   Percentnp'  activity  ,  ^ 

ag«  nt.             dcstro\  cil.              lielore  treatment.  After  treatment. 

Heat    ..  36  p«r  cent.  100  :  69  100  :  78 

„    ...  40      „  100  J  61  100  :  54 

  64       „  100  :  50  100  :  32 

n    ...  90      „  100  :  97  100  :  54 

AleoboL  38     „  100  :  80  100  :  80 


42      „  100  :  97  100  :  68 


In  the  fermentation  of  maltose  (desoribed  later),  it  was  found 
poBsible  to  deteot  an  accnmnlation  of  fermentable  Intermediate  eom- 
poiind  (dextroae)  by  adding  to  the  fermenting  eolation  a  yeast  which 
Is  capable  of  fermenting  dextrose  and  not  maltooe.  It  is  unlikely 
that  daring  the  fermentation  of  galaetoee  a  similar  aeeomnlation  takes 
place,  bat  it  was  considered  worth  while  carrying  out  the  experiment 
Brewery  yeast  does  not  ferment  galactose,  and  hence  can  be  used  as  a 
reagent  to  detect  the  accumulation  of  an  easily  fermeutable  compound. 
Tho  rate  of  fermentation  of  galactose  was  therefore  measured  without 
and  in  the  presence  of  brewery  yeast.  The  increase  in  velocity  in 
the  latter  case  is  too  small  to  be  of  any  account.  From  this  experi- 
ment and  also  from  a  consideration  of  the  results  of  the  other 
measurements,  we  can  be  fairly  certain  that  galactose  is  not  trans- 
formed to  another  fermentable  sugar  (as  dextrose)  before  fermenta- 
tion. 

Table  VI, 

The  Fermmiation  of  Gaiaetose  m  the  Pruenee  ofBrwoery  Yeaet 

SoUition.  Vt'locity. 

25  c.c.  lb'.  CarlsbcKj  1  H  25  c.c.  5  por  cent,  galuctoiie    5  3  em.  per  10  luins. 

>»        M  +3  cc  breweiy  yeast   6*9  „  „   „  „ 

After  standing  1  hour   '.    5*1    „    „    „  „ 

25  c.c.      ThcrmantUomim  -(-  25  c.c.  5  percent,  galactuite . . .  d'S.')  ,,        15  „ 

«•  „  -h  5  CO.  bnwmy  yeast    ti'^u 
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Galactose  is  not  formented  by  "  Daoorhefe/'  and  only  slightly  by 
yeast  joioe.  Esperimonts  with  prepatations  from  aooUmatised  yeast 
have  not  yet  been  earned  out. 


THa  Fernientalion  qf  Mannose. 

Mannoee,  according  to  a  number  of  inyestigationa,  is  fermented 
regolarly  and  completely  by  almost  all  yeasts  (possibly  all  yeasts) 
which  ferment  dextrose.  Measoremsnts  of  the  iinitial  velocity  of 
fermsntation  of  this  sugar  show  that  no  treatment  d  the  natare  of 

aodimatising  the  yeast  is  necessary  to  bring  about  the  reaction.  The 
velocity  is  dependent  on  the  variety  of  yeast  and  the  treatment  the 

yeast  has  receivetl.  Fresh  samples  of  yeabt  icuineut  niannose  more 
quickly  than  dextrose,  but  with  older  samples  the  rate  of  evolution  of 
carbon  dioxide  is  faster  with  dextrose  than  with  mannose.  This  is 
specially  the  case  with  yeast  which  hat>  been  partly  destroyed  by 
heat. 

Table  YII. 

T/ie  C'otnjxiralive  VdocUy  of  FermeiUaiion  of  Dextrose  aiui  Alann^nd. 

Ratio  i2. 

*  . 
Dextrose  :  llannoee  :  Dextrose 
Yeeet  +Ma]iiioae. 

a.CarUbtrgl   100     :  124 

8,  ThtrmantiUrnvm   100    :     105     :  02 

Kefir  yeast   100     :  147 

Brewery  yeaat    100     :  120 

»•         (growu  lu  tiiti  presence  of  mauuoso)     100     :  123 

„        old   ;   100    :  84 

„        22  por  cent  actiTi^  daitroyed  by 

heat   100    :  35 

t>        68  per  cent,  activity  destroyed  by 

heat   100    :      21     :  38 

„       00  per  cent,  activity  deatroyed  by 

heat   100    :      12     :  42 


in  the  experiments  summarised  in  this  table,  the  rate-  of  fermenta- 
tion of  2 J  per  cent,  dextrose,  2 J  per  cent,  mannose,  aiul  '1\  per  cent, 
dextrose  +  11  per  cent,  maunuso  are  compared.  The  results  show 
thrit  when  the  two  sugars  are  fermento*!  simultaneously,  interference 
between  the  reactions  takes  place.  Mannose  seems  to  retard  the 
velocity  of  fermentation  of  dextrose.  This  is  specially  evident  in  the 
ca^e  where  the  yeast  has  comparatively  little  action  on  mannose. 

The  influence  of  concentration  of  the  sugar  and  the  influence  of 
temperature  have  also  been  meaeuFed.  The  resolts  are  included  in 
tablea  X  and  XI. 

The  yariation  in  the  ratio  R  for  a  given  culture  of  yeast  will,  in  all 
probability,  explain  the  dieagteement  in  the  literature  with  regard  to 
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eapability  of  certain  yeasts  of  fermeoting  mannose.  Thus  S.  extgwu 
and  S.  Fombe,  according  to  P.  Lindaer,  do  not  ferment  mannoMf 
whilst,  according  to  £•  F.  Armstroog,  these  two  yeasts  ferment 
mannose  apparently  as  easily  as  dextrose.  It  is  evident  that  a 
qnantitatiye  measurement  of  the  rate  of  fermentation  in  the  manner 
described  in  this  paper  wotdd  be  of  much  value  in  determining 
,  whether  a  given  yeast  ferments  a  given  sugar  or  not. 

The  FmnmUaiion  of  DUaa^a/rideB, 

It  is  generally  accepted  that  poly-  and  di  saccharides  are  not  directly, 
fermented  by  yeast,  but  are  first  hydrolysed  by  enzymes  to  fermentable 
sugars. 

The  rate  of  fermentation  of  a  disaccharide  therefore  depends  on  this 
rate  of  hydrolysis. 

In  the  case  of  sucrose,  this  hydrolysis  proceeds  so  quickly  that 
enough  dextrose  and  lavulose  is  immediately  formed  for  the  fermenta- 
tion reaction  to  attain  its  maximum  velocity. 

In  the  fermentation  of  such  substances  as  glycogen  (autofermenta- 
tion),  dextrin,  and  others  which  ferment  slowly,  the  rate  of  hydrolysis 
.  is  the  oontrolling  factor  which  governs  the  rate  of  fermentation. 

In  the  former  case,  the  intermediate  product  (invwt  sugar)  is  easily 
detected  in  the  solution ;  in  the  latter  case,  the  intermediate  sugar 
(dextrose)  is  fermented  away  as  fast  as  it  is  formed,  and  cannot  be 
isolated  without  treatiug  tlio  ye  i.^t  in  such  a  way  a-i  to  destroy  the 
enzyme  of  fermentation  and  leave  the  hydrolytic  one. 

The  fermentation  of  maltose  by  brewery  yeast  uft'ordaan  interisting 
case  where  the  rate  of  hydrolysis  of  the  maltose  and  the  rate  of 
fermentation  of  the  cnsuiiij?  dextrose  are  verv  similar.  At  low 
temperatures,  the  initial  rate  of  fet montation  of  maltose  is  appieciably 
lower  than  that  of  dextrose,  whilst  at  higher  temperatures  the  two 
velocities  are  almost  the  same. 

Table  YXII. 

RatlOt  5  por  cent  solatioos. 
Tempoiatui^.  Dextrose :  Maltose. 

15'  100    :  68 

80       .  100    :  90 

This  is  also  confirmed  by  the  measurements  of  the  temperature- 
coefficient  of  the  fermentation  of  maltose.  The  influence  of  temper- 
ature is  considerably  greater  than  that  on  the  fermentation  of  dextrose, 
especially  at  lower  temperatures  (see  table  XI  ).  It  is  evident  that 
when  maltose  ferments,  some  dextrose  probably  accumulates  in  the 
solution.    The  accumulation  is  too  small  to  admit  of  an  easy  direct 
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|»roof,  but  evidence  of  its  formation  can  be  obtained  in  the  following 
way.  If  to  a  solution  containiDg  maltose  and  yeast  another  yeast  is 
added  which  is  inc^table  d  fermenting  maltose,  but  reacts  with 
daztrosey  an  increase  in  the  rate  of  evolution  of  carbon  dioxide  should 
indicate  ihe  presence  of  dextrose.  S.  exiffuuB  was  used  for  this 
porpose^  as  it  ferments  dextrose  easily,  but  not  maltose.  The 
fermentation  of  maltose  carried  out  in  the  presence  of  this  yeast 
shows  initially  very  little  difference  to  that  without  the  yeast,  but 
after  standing  three  hours  a  considerable  increase  in  the  rate  of 
evolution  of  gas  is  noticed.  The  initial  rate  of  fermentation  of  a 
solution  of  maltose  is  practically  the  same  as  that  after  three  hours, 
the  increase  is  therefore  due  to  the  presence  of  S.  exiffuu$, 

m 

Tablu  IX. 

FennetUatioH  o/  Maltose  in  the  trewnoe  o/  exiguua, 
TeaipoiatQT«,  80%  Yolonie,  50  e.e. 


Solatioii.  Velocity. 

6cc.  brewery  yeast,  5  yvr  cent.  maltoM   7 '4  cio.  per  20  uiius. 

25  C.C.  .S',  <!xv7»m3  (autofermeiitation)   1"8 

5  cc  brewery  yeast,  25  C.C.  .b'.  ^dCtj^ttiw,  6  per  cent,  maltose  8  55 

Ditto,  after  8  boon   H'46  „  „ 

Goneetioa  for  aatofeimentatioB   1*8    „  „ 


12-65  „ 

Increase  from  7*4  to  12*65     71  por  cent  inoieaae. 
Another  axperinent  gave      62  „ 

iDitUl  rate  of  roimeBtfttioa  of  maltoee  by  brewery  yeut  ...  7*0  cm.  per  5  mine. 
After  3  booze  .v   7*2    „  ,, 


The  In/Utetice  of  Concentration  and   Temperature  oa  lAs  BaU  of 

Fermentation  of  Various  Sttgare,  . 

The  influence  of  the  concentration  of  the  sugar,  and  the  influence 
of  temperature  on  the  rates  of  reaction  of  the  various  sugars,  are 
conveniently  summarised  in  the  two  following  tables.  In  table  X 
the  different  velocities  at  different  concentrations  are  recalculated, 
making  the  veloeify  of  a  5  per  cent,  solution  100*  The  equivalent 
of  100  is  given  in  the  table  in  cm.  per  ten  minutes  on  the  manometer 
sesle.  The  activity  of  the  yeast  as  measured  by  the  ratio  B  is  also 
included.  In  all  cases  except  at  dilute  solution,  the  velocity  is 
approximately' independent  of  the  concentration  of  the  sugar. 
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Table  X. 

The  Ififiuenos  o/  ConcMtralum  qf  Sugar, 

Velocity. 


Giuiub  ul  bu^ar  |)er  100  c'.e.      Dextiusc.    Lievulose.    Gultictose.  Manuotiv. 

0  per  cent  (autofennentation)  —-686 

i      „               „  87  78  79  63 

1  „  ,,'  92  98  S8  88 
2i  „  „  98  106  92  105 
6                       „  100  100  100  100 

10       „  94  106  102  96 
The  equivalent  of  100  iu  cm.  [»cr 

lOmins.    6-4  7*0  2"9  7*7 

Batiof    —  100  :  98  100  :  86  100  :  79 

Table  XI  gives  the  temperature  quotients  for  the  diftertnt  sugars. 
The  experiments  were  carried  out  in  the  manner  dehcribed  in  the 
previous  paper,  with  the  exception  of  those  with  sucrose  and  maltose. 
In  the.se  cases,  initial  velocities  with  different  solutions  at  different 
temperatures  were  measured.  The  yeast  exhibited  no  abnormal  initial 
velocities,  and  then*  was  no  need  to  correct  for  changes  in  activity  of 
the  yeast.  lirewory  yeast  was  used  in  all  cases  except  in  the 
fermenttitiou  of  galactose.  A  growth  of  CarUberg  1  in  hydrolysed 
lactose  was  used  to  ferment  this  sugar. 


Tablk  XI. 

Temper  at  ai'e  Quotients  with  Different  Siujars. 


Li'vulose. 

Sacrose. 

Maltose. 

Galactose. 

Maunoae. 

2  b  — 

2-6 

1-94 

V  T 
'  -JO,'  i:i 

1-98  — 

1*98 

2*12 

2-7 

1*72 

roi  1P7 

1-82 

1-90 

2-6 

1-59 

1  78 

K  /I' 

1-60  1-60 

1-52 

1-58 

T96 

1-37 

1-58 

'  M  25 

1-44  1-63 

1*45 

1-3G 

1-60 

l-3i 

1-35 

1*86  1-26 

1*82 

1*24 

1*88 

1*26 

1*84 

1-26  1-16 

1-24 

116 

1*82 

1*10 

1*21 

The  second  series  of  figures  under  dextrose  are  obtained  with  tb« 
yfMst  S.  TkwmarUitonum^  a  yeast  which  exerts  its  maximum  ferment- 
ative power  at  as  high  a  temperature  as  45°  (Grove  Johnson,  J.  Inst, 
Brewing,  1905,  11,  4G6).  This  property  baa  no  connexion  with 
the  influLiuf  of  temperature  on  :ilcoholic  fermentation,  which  is 
approxiuiutely  independent  of  the  varietj^  of  jreast  used  to  bring  about 
the  reaction  (Trans.,  1906,  89,  137). 

JtUcrmediaU  Compounds  in  the  FermitiitUian  of  J^extrote, 

The  following  substances  have  been  suggested  as  intermediate 
compounds  in  the  conyersion  of  dextrose  into  alcohol  and  oarboa 
dioxide  by  yeast : 
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(1)  The  enolic  form  of  dextrose  (E.  F.  Armstrong,  loc.  cU.). 

(2)  Lactic  acid  (Buchner  and  Meiseubeimer,  Ber.,  1905,  38,  620). 

(3)  Glycogen  (Kohl,  Annates  de  la  Brasserei,  1907,  306). 

These  velocity  measurements  are  very  much  opposed  to  the  accept- 
ance of  any  of  these  suppofiitioiiB.  The  first  BuggoBtion  has  been 
alMdy  dimaaed  (p.  221). 

InpravioDSpiibUcatioiiB  (Trans.,  1906, 89, 141  ;  Ber.y  1907, 40, 123), 
H  has  been  ahown  that  it  ie  vevy  impvobable  that  lactic  add  can  be 
oonsidared  such  a  sabetanoe.  It  is  doubtful  whether  lactic  add  is 
fementaUe;  in  no  dieumsAanoes  is  it  poedble  to  ferment  laotio 
add  as  fast  as  deactroe^  and  the  inhibiting  action  of  the  add  is  not 
sufficient  to  explain  its  very  slow  rate  of  fermentation.  Eyidenoe  in 
famur  of  this  last  statement  is  obtained  as  follows :  50  c.c.  of  yeast 
and  water  are  treated  in  the  apparatus  suocesdvelj  with  lactic  add 
and  then  dextrose,  and  measurements  are  made  after  each  addition. 
The  second  measurement  is  much  greater  than  the  first,  showing  that 
y^t  which  id  almost  incapable  of  fermenting  lactic  acid  still  possesses 
the  property  of  rapidly  fermenting  dextrose. 

Tablb  XII. 

Sdiitioii-tampeiatare  80*.  Velocity. 

50  0.  c.  yoiist  -r  water  +  ^  "ram  lactic  add   O'SO  cm.  p«r  2  mint. 

Same  aolution  +  i  gram  dej^tnwe    4*00  „ 

The  first  velocity  is  probably  entirely  due  to  autofermentation,  buL 
if  it  were  caused  wholly  by  the  fermentation  of  lactic  acid  the 
e.xperiment  would  still  be  conclusive  in  showing  that  the  inhibiting 
effect  of  the  acid  is  not  enough  to  account  for  its  slow  rate  of 
fermentation.  This  experiment  was  carried  out  at  the  suggestion  of 
Prof.  Buchner  to  afford  better  evidence  than  that  given  in  a  former 
paper.    (See  table  I,  Ber.,  1907,  40,  124.) 

It  has  also  been  suggested  that  an  unknown  isomeride  of  lactic  acid 
is  such  an  intermediate  compound,  and  that  traces  of  lactic  acid 
are  fo)  med  from  this  isomeride  (Luther,  2tiit8ch*  £MUroehem,f  1907, 
13»  516). 

The  aasumption  (hat  lactic  acid  is  a  by-product  from  an  inter- 
mediate compound  which  is  arbitrarily  called  an  isomeride  of  this  add 
has  little  experimental  basis.  We  have  nothing  to  dedde  us  from 
what  compound  the  traces  of  lactic  add  are  formed.  The  main 
evidence  in  favour  of  this  suppodtion  is  probably  the  ease  with  which 
the  chemical  equations^  dextrose  — >-  lactic  add  — >•  alcohol  and 
carbon  dioxide,  can  be  constructed. 

Glycogen  has  also  been  suggested  as  the  first  transformation 
product  of  dextrose  before  fermentation.    On  the  assumption  that  the  ^ 
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autofermeDtation  of  yeast  is  caiu>ed  by  the  presence  of  glycogen  in  ike 
yeast  cell,  it  is  very  difficult  to  bring  into  agreement  the  above 
supposition  and  the  few  experiments  which  liaye  been  carried  oat 

here. 

The  xate  of  autofermentatton  is  only  some  few  per  cent,  of  that  of 
dextrose.  When  a  veiy  small  quantity  of  sugar  is  added  to  exeees  of 
yeast  at  30°,  the  wiiole  of  the  sugar  is  fermented  away  in  about 
twenty  minutes,  and  the  original  rate  of  autofermentation  is  again 
observed. 

Table  XIII. 


Time.  nanometer  reading.  Velocity  in  cm.  per  10  mina 

0  min.  1  ii  — 

lOmiiw.  2*2  1-0  (antofonnenUtiou) 

O'l  graiu  doxtro«e  aildciL 

15    „  7-8  11-2 

20    „  13-9  12  J 

80    „  167 

40   „  17*75  106  (aotoformentstioii) 


It  is  hardly  reasonable  to  think  that  the  whole  of  the  sugar  has 
passed  through  the  glycogen  stage^  or  that  the  slow  fermentation  of 
glycogen  is  an  essential  part  of  the  rapid  fermentation  of  dextrose. 

Many  of  the  other  velocity  measurements  could  be  urgel  against 

this  supposition. 

In  conclusion^  it  may  be  again  pointed  out  that  no  compound  has 
yet  been  isolated  wbich  is  likely  to  prove  an  intermediate  step  in  the 
fermentation  reaction.  It  is  probable  that  such  a  compound  would  be 
very  unstable^  easily  fermented,  and  hard  to  isolate. 

The  method  of  adding  a  reagent  to  react  with  the  unstable  inter- 
mediate compound  is  often  useful  in  detecting  such  substances.  L5b 
{leiiick  JBUh^roekmn,,  1907, 13, 511)  has  applied  this  method  to  detect 
aldehydic  compounds  during  fermentation,  using  phloroglucinol, 
ammonia,  and  aniline  for  the  purpose.   The  results  were  negative, 

Tha  Jtiflusnce  o/  /Substances  whicl^  art  said  to  acosUraU  FerinenkUiaiu 

In  the  literature  of  the  fennentation  of  dextrose,  one  finds  numerous 
investigations  on  the  action  of  '*  poisons,"  that  is,  substances  which 
when  present  in  a  fermenting  solution  in  dilute  concentration  retard 
the  reaction.  It  is  also  stated  that  many  of  these  poisons  in 
very  dilute  solution  have  the  opposite  effect  of  accelerating  alcoholic 
fenoieintation. 

Examples  of  such  substances  are  mercuric  chloride,  iodine,  potassium 
iodide,  salicylic  acid,  benzoic  acid,  sulphuric  acid,  and  poiassiuni 
permanganate  (for  complete  iint,  see  Lippmauu,  loc.  cit»,  p.  3^5).  At 
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mj  dilute  oonoentrattim,  thej  aooelefate  aloohoUo  fanneDtation,  and 
in  more  conoentiated  solatton  Hhof  inhibit  the  reaction.  On 
applying  the  method  used  in  this  investigation,  it  was  found  that* 
although  the  retardation  effect  oonld  easily  be  Terified,  no  uppi-e- 
daMe  aecelerating  effect  on  fermentation  conid  be  shown  hj  any 
of  these  reagent.  In  all  probability,  the  effect  which  has  previously 
been  attributed  to  the  acceleration  of  alcoholic  fermentation  is  due  to 
the  acceleration  of  some  other  reaction  (as  the  growth  of  yeast)  which 
the  method  of  investigation  has  not  eliminated.  In  a  few  case.s,  a 
slight  increase  was  obf^erved,  but  this  is  too  small  to  be  of  any  import- 
ance in  these  measurements. 

The  following  table  shows  the  effect  of  four  poisons.  The  concen- 
trations which  are  said  to  accelerate  the  reaction  are  given  in  brackets. 
The  table  also  includes  a  comparison  of  the  rate  of  fermentation  of 
dextrose  with  that  of  unhopped  brewery  wort  of  sp.  gr.  1  030.  The 
latter  contains,  b^des  sugars,  very  favourable  food  material  for  the 
growth  of  the  yeast.   The  initial  velocities  are  almost  identical* 


Temperature,  30°. 
POiKHL 


Table  XIV. 


Ooneentmtioii,  Velocity. 


Iodi]M(l/«00,000)  

0 

aOieylie  add  (1/4000—1/6000)  

Copper  sulphate,  CaS0«,5U«0  (1/600,000) 
After  ttaoding  4  hoots  

Rate  of  fermentation  of  7  per  cent,  dcxtroso 


1/00 

^  100 

1/300,000 

98 

1/150,000 

103 

1/30,000 

100 

1/00 

100 

1/500,000 

99 

1/100,000 

97 

1/50.000 

76 

1/00 

100 

1/60,000 

04 

1/10,000 

98 

1/5000 

60 

1/2000 

4 

1/00 

100 

1/500,000 

95 

90 

1/50,000 

50 

100 

M.  Delbriick  in  a  recent  paper  (J,  Imt.  Brewing,  1906,  12,  0:14) 
states  that  ground  oats  accelerate  alcoholic  fermentation.  From 
400  c.c.  of  a  10  per  cent,  sucrose  solution  with  10  grams  of  pressed 
yeast  and  5  grams  of  crashed  oats,  he  obtains  double  the  volume  of 
carbon  dioxide  in  four  hours  as  from  the  sugar  solution^and«>yeast 
alone.  • 

The  f aUowiag  table  shows^  that  .the  'result  is^  not  jconfirmed  .by.this 
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method  of  inyestigation.  It  can  only  be  saggeated  that  some  error 
lies  in  the  estimation  of  the  rates  of  fermentation  where  eupersatmnL- 
tion  takes  place.* 

Tablv  XV. 

The  It^u$nee  0/  Ground  OaU  on  Formeniation, 


Temperature,  Velocity  in 

Solntion.  cm.  per  6  mine. 

60  c.c.  10  per  cent,  sucrose   5*0 

„  „      +0*5  gram  oats   4  *85 

*i  »»         »t      +1     »     >i   ••  **56 

>♦  »i         ti      +^     >t     n  «..♦..«..«   8*0 

,   8-46 

+0*68  gram  oats  (on  mizing)   7'8 

f.  *f        If        )»      ft      »  (1*  hows  later)   6*1 


The  lirst  experiment,  where  increasing  quantities  of  oats  are  added 
to  50  c.c.  of  10  per  cent,  sucrose  and  yeast,  shows  only  a  retarding 
e£Eect  of  this  substance.  The  second  experiment,  which  is  made  to 
agree  as  nearly  as  possible  with  Delbriick's,  shows  that  on  standing 
the  velocity  does  not  increase. 

It  has  been  shown  that  there  is  a  Isrge  aeoeleration  in  the  Telocity 
of  evolation  of  carbon  dioxide  when  nentral  soluble  phosphates  are 
added  to  a  deztroee  solution  which  is  undergoing  fermentation  by 
"  yeast  juice "  or  by  permanent  yeast  cells  (A.  Harden  and  W.  J. 
Young,  Froo.  Roy,  Soe,,  1906»  77,  B,  406).  There  is  no  doubt  of  this 
acceleration,  but  phosphates  have  no  accelerating  influence  on  the  rate 
of  fermentation  by  living  yeast  (see  table  XVII). 

In  eonclusioD,  it  may  be  stated  that  we  have  not'yet  succeeded  in 
fiudiug  a  substance  which  will  appreciably  accelerate  fermentation  by 
fresh  living  yeast. 

Fermmtation  by  Frtparatiom  from  Yeasi, 

In  view  of  the  fact  that  the  laws  which  underlie  alcoholic  fermenta- 
tion  by  living  yeast  are  comparatively  simple,  a  few  measurements 
were  made  with  the  preparation  from  yeast  known  as  '*  Dauerhefe/' 

which,  according  to  R.  O.  Herzog  {Zeitsch.  phyriol.  Chem.,  1902,  37, 
149),  gives  results  ditloring  from  those  described  here  in  many 
respects. 

It  was  found  that  these  differences  are  mainly  due  to  disturbing 
gecondary  reactions  which  take  place  when  this  preparation  from  yeast 
acts  on  a  sugar  solution.  The  laws  which  govern  tlie  ferment^xtion  re- 
action by  living  yeaatjand  by  the  Dauerhefe  "  are  Qsseutially  the  same, 

*  Whatever  method  is  need  to  estimate  the  setivity  of  yeast,  it  ihonld  only  be  ae> 
cepted  as  trustworthy  when  it  etn  show  that  exact  pioportioiiility  exists  between  the 
lite  of  fennentation  snd^qnantlty  of  yesst  added  (compsie  Tmu.^  1908,  99, 181). 
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but,  owing  to  these  secondary  reactionsi  thej  are  in  the  latter  case 
much  more  difficult  to  recogniae. 

The  preparation  which  is  used  in  all  these  experiment'^  wag  made 
by  Anton  Schroder,  Munich,  who  sells  the  product  under  the  name  of 
"  zymin." 

On  testing  the  specimen,  it  was  found  that  the  enzyme  is  at  first 
quite  inactive;  after  an  induction  period  of  between  one  and  two 
hours,  the  reaction  starts  vigorously,  it  soon  attains  a  maximum 
velocity,  slows  down  considerably,  and  then  proceeds  steadily,  gradually 
diminishing  in  velocity. 

The  following  tables  show  that  dextrose  and  Isevolose  ferment  at 
the  Bune  rate  (C  and  D),  the  concentration  of  the  sugar  has  little 
inflaence  on  the  velocity  {C  and  E)^  that  the  autoformentatiou  is 
appreciable  {A  and  C\  and  allowing  the  zymin "  to  stand  with 
water  before  adding  the  sugar  greatly  reduoee  the  period  of 
induction. 

The  addition  of  neutral  potassium  phosphate  has  an  accelerating 
effect  hoth  on  the  autofermentatioa  {A  and  B)  and  also  on  the 
fermentation  of  dextrose  and  invert  sugar  (table  XYII). 

An  aooekiatiDg  effect  is  also  produced  when  a  boiled  solution  of 
«  symin  "  is  added  to  some  fresh  **  zymin  "  {Q  and  H),  According  to 
Herzog's  measurements,  when  double  the  amount  of  *'iymin"  is 
present  in  a  solution  the  reaction  proceeds  four  times  as  fast,  but  it  is 
erident  that  the  large  increase  in  Telocity  is  only  partly  due  to 
doubling  the  amount  of  enzyme,  for  at  the  same  time  a  further 
quantity  of  accelerating  agent  is  added. 

Another  dry  preparation  of  yeast,  '*  hefenol,"  gave  quite  analogous 
results,  sliowing  an  induction  period  and  increased  activity  in  the 
presence  of  phosphates.  Living  yoiusb  is  not  rendered  more  active  by 
phosphates,  but  preparations,  such  as  "zymin,"  "hefenol,"  yeast  juice, 
react  more  vigorously  under  the  influence  of  these  salts.  It  is  of 
interest  to  find  what  treatment  the  yeast  must  undergo  to  show  this 
property.  Products  obtained  by  partly  killing  tlio  ycii^t  by  heat  or 
by  alcohol  were  not  sensitive  in  this  manner.  On  the  other  hand,  by 
drying  the  yeast  at  a  low  temperature,  a  preparation  was  produced 
which  was  much  more  active  in  the  presence  of  phosphates  (table 
XYIII).  The  extraction  of  water  is  possibly  the  main  factor  in 
rendering  the  enzyme  sensitive  to  phosphates. 
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Table  XVL 

FermenUdion  hy  Zymin  [Acelondauerh^e). 
<aTI]iM  in  miantet. 


8«ltttioB  A  =  50  0.0.  water  4- 8  gramt  lyiiiin. 

£—   tt  +     11  ft 


II 
•t 
*f 


lioiin»t 


6  per  cent,  dextrose  +  5  grams  zymiD. 

lieTuIoae-f 
10  dextrose + 


+  5  c.c.  phosphate  solution. 


It 


80"  with  water. 


If 


ti 
I* 
II 


» 
II 
It 


which  has  remained  three 


Temp.  80*. 


Rate  of  femientition  in  cm.  per  10  mins. 


t 

Jim 

o 

n 

A. 

V 

F» 

0  minute 

0*04 

006 

10  minutes 

2-5 

20 

It 

61  (wi) 

30 

If 

0-2 

0-3 

0  05 

0  06 

006 

5-9 

40 

•t 

3  1  (m) 

4-4  (}») 

46 

t> 

007 

60 

tf 

1*9 

8-1 

55 

11 

1-76 

60 

II 

1-8 

30 

2-2 

3-3 

66 

ft 

7-0 

70 

t> 

6-6 

8-6  (m) 

76 

ti 

7  0 

80 

It 

8-6  (m) 

6*2 

86 

»* 

8-4 

4-9 

8  9 

00 

tt 

1*66 

fi'8 

4-7 

6-8  (m) 

06 

ft 

5-5 

4-3 

6*4 

100 

ft 

4*6 

4-0 

6*1 

150 

ft 

3*9 

8*9 

8-9 

200 

11 

1*4 

0-45 

300 

11 

8-16 

3-2 

8^ 

400 

tt 

8*1 

600 

tt 

2-6 

• 

(in)= maximum  velocity. 

Solution  6^  =  50  c.c.  5  per  cent,  dextrosje  +  2  5  graius  "zymiu." 


tl  I,  yy 

water  to  a  temperatare  of  96°. 


It 


tt 


previooaly  heated  in 


O, 

1. 

ir. 

100  mmatee 

0  0 

55  minntes 

0 

160 

0-5 

70 

»» 

2*2 

184 

1-3 

SO 

11 

2*6 

800  „ 

21  (m) 

86 

tl 

8*0  (m) 

210 

1-8 

90 

II 

2*7 

226  „ 

1  46 

95 

2-7 

240  „ 

1*2 

100 

•  • 

•  2*6 

800 

1-0 

200 

It 

2*0 

600 

0*9 

400 

tt 

2*0 

500 

It 

1*8 
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Tablb  XVII. 

TltiC  Infiuencc  of  Potassium  PhoapliaU  on  t/te  RaU  of  FennenUUion  qf 
Invert  Sugar  by  Zifnwn  €Md  by  Ymi, 

Bate  of  fannffntatbik  of  6  pw  cent,  iavort  ragur. 

5  grains  zynun+Scc* 
6  grams  ijinin.  phosfihate  fM>lntioii« 

Maximum   5  3  cm.  per  10  mins.     8  8  cm,  per  10  mina. 

20  minBU-s  later    3  0      „      „  77      „  „ 

W     ».    S-O  „  4'4 

Brewery  yeast +  60  c.c.  5  per  cent  invert  sTigar    9*26  cm.  per  6  mins. 

t»        +  tf      +0*1  e.e.  phosphate  aolatioii  9*00  „ 

•I         +  It        +1  t-.c.  „  „  9-15   „  „ 

"  »i        +3  0.0.  9"20 

»t         +  it        +5  C.C,  7*7     (,  i» 


Tablb  XYIIL 


FermmlkaUm  hy  Dried  Fmf. 

Solution  A  ss&O  cc.  water +  5  grams  dned  yeast. 


>t 


B 

(7= 
D= 
solntion. 


If 


6  mtnntea 
10 

16  „ 

f» 
ft 
It 

»j 
i> 
ft 
ti 

»» 


80 

ts 

10 

4S| 

46 

50 

5S 

00 


+      »         ,t        +  5  c.c.  phosphate  solution. 
6  per  eent  deztnMe+2*6  giama  dried  yeast 

It  «•  n        »i        +6  c.e.  phosphate 

Rate  of  fermentation  in  cm.  per  5  mins. 


A. 
^0 

•-0(m) 

5-4 
4  0 


8*06 
1*8 


B. 

3-35 
7*4  (m) 

7-2 

5 '6 
3*25 

2*lfi 


1*85 


C. 

0-7 
0-7 

1  25 
165 
2-55 
8*5 

4-05  (m) 
4-0 


3-4 
8-06 


D. 


0-1 


0*6 

8-  4 

14  -8  (TO) 
14-0 

9-  2 
7-8 


Hie  pboi^iliate  solntioii  in  all  those  SBperimeiito  was  made  by 
diawlvuig  10  grams  of  KaUbaum's  dibaoe  potaaiiiim  phosphate  in 
100  e.Ci  of  J\r/5  salphoricacid.    It  was  neutral  to  litmus. 


J%6  Mfckanitm  of  FmnmmilUUAfm, 

The  results  described  in  this  communication  show  that  many  of  tho 
problems  in  connexion  with  fermentation  are  more  easily  investigated 
by  the  use  of  living  yeast  than  by  j)reparations  from  yeast,  for 
fermeotation  i&  much  less  influenced  by  secondary  reactions  in  the 
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former  case  than  when  "Dauerhefe"  or  yeiuit  juice  is  used  to  carry 
out  the  reaction. 

Attempts  have  been  made  to  bring  into  agreement  the  various 
results  obtained  by  the  measurements  of  the  velocity  of  reaction. 
Those  which  are  most  important  in  determining  the  mechanism  of 
fermentation  may  be  summarised  as  follows : 

1.  The  rate  of  fermentation  of  dextrose,  laevulose,  galactose,  and 
mannose  is  approximately  independent  of  the  concentration  of  the 
Bugar  between  the  coQcentrations  1  gram  to  10  grams  per  100  c.c. 

2.  The  fermentation  of  dextrose  and  Insvuloee  under  all  conditions 
proceeds  with  approximately  equal  velocities. 

3.  The  influence  of  temperature  on  the  velocity  of  fermentation  is 
approximately  independent  of  the  yeast  used  to  bring  about  the 
reaction,  and  is  almost  the  same  in  the  case  of  the  fermentation  of 
dextrose^  hevulose,  and  mannose,  but  the  infloenoe  is  Mmewhat  less  in 
the  case  of  the  reaction  with  galactose. 

4.  Many  yeasts  (very  probably  all  yeasts)  are  unable  to  ferment 
galactose  unless  the  yeast  has  been  grown  in  the  presence  of  this  sugar. 
The  ratio  of  the  rate  of  fermentation  of  dextrose  to  that  of  galactose 
varies  between  very  large  limits.  A  variation  of  100 : 0  to  100 : 166 
has  been  observed  with  one  race  of  yeast. 

6.  The  ratio  of  the  rate  of  fermentation  of  dextrose  to  mannose 
varies  greatly,  depending  mainly  on  the  treatment  the  yeast  has 
undergone. 

6.  When  two  sugars  are  fermented  simultaneously  in  the  same 
solution,  interference  takes  place  between  the  reactions. 

7.  The  velocity  of  fermentation  by  living  yeast  can  easily  be 
lessened  by  addition  of  certain  inhibiting  agents,  but  cannot  be 
appreciably  raised. 

In  whatever  way  the  reaction  is  considered,  we  must  first  assume 
that  the  sugar  diffuses  into  the  yeast  cell.  There  is  no  doubt  that  this 
reaction  takes  place  so  rapidly  that  it  exercises  no  control  on  the 
velocity  of  evolution  of  carbon  dioxide.  The  independence  of  the 
velocity  with  varying  concentrations  of  sugar,  the  high  temperature 
coefficient,  and  the  fact  that  the  fermentation  starts  immediately 
without  any  measurable  induction  period  are  practically  conclusive  on 
this  point. 

Velocity  measurements  give  us  information  with  regard  to  what  is 
termed  the  controlling  reaction.  Permentation  is  considered  a  series 
of  successive  reactions,  and  the  controlling  reaction  is  the  one  which 
proceeds  slowest  and  has  the  largest  influence  on  the  velocity  of 
formation  of  alcohol  and  carbon  dioxide. 

We  may  assume  that  this  reaction  is  an  eniyine  reaction,  and  that 
the  different  sugars  are  fermented  by  the  same  or  by  different  ensyoNS* 


Digitized  by  Google 


SLATOR:  fiTUDIES  IN  FBRMBNTATION.    PART  II.  289 

On  the  other  hand,  the  aasmnptioti  may  be  made  that  the  controlling 
reactioii  is  not  an  ordinary  enzyme  reaction,  but  some  protoplaamto 
eliaikge  which  takes  place  in  the  cell. 

An  argument  in  favour  of  the  last  assnmption  is  that  f ennentation 
by  jenst  juice  is  oompavatively  feeble^  and  sensitive  to  different 
reagents  which  take  no  direct  part  in  the  reaction.  Fermentation  bj 
yeast  cells  is»  however,  much  more  constant.  It  would  be  very 
difficult  on  this  assumption  to  account  for  the  differences  in  the 
rate  of  fermentation  of  dextrose,  galactose,  and  mannose,  and  to 
explain  the  rate  of  fermentation  of  mixed  sugars.  The  results  all 
point  to  an  enzyme  reaction  involving  in  some  way  the  sugar. 

There  is  irnuh  to  be  said  in  favour  of  assuming  that  dextrose, 
galactose,  and  mannose  are  fermented  by  three  different  enzymes, 
which  may  conveniently  be  called  ghicozymase,  galuctozymase,  and 
mannozyraase.  Glucozymase  ferments  dextrose  and  Ijevulose,  galacto- 
zymase  ferniouts  galactose,  and  mannozymase  ferments  mannose.  The 
different  ratios  of  activity  of  yeast  to  dextrose,  galactose,  and  mannose 
would  adinit  of  easy  explanation  by  assuming  that  the  enzymes  were  pro- 
duced by  some  yeapts  and  not  by  others,  and  were  .^en^itive  in  different 
degrees  to  heat  and  other  influences.  The  main  objections  to  this 
assumption  are,  firstly,  all  known  yeasts  which  ferment  any  sugar 
ferment  dextrose.  Why  should  glucozymase  be  the  first  fermentation 
ensyme  produced  by  the  yeast  1  Again,  the  interference  of  two 
fermentation  reactions  when  carried  out  simultaneously  in  the  same 
solution  has  to  be  explained.  We  can  get  over  the  difficulty  by 
assuming  that  mannose  inliibits  the  fermentation  of  dextrose  by 
gluoosymase,  and  also  that  dextrose  inhibits  the  fermentation  of 
galactose  by  galactosymase.  There  is  a  certain  amount  of  experi- 
mental evidence  in  favour  of  these  suppositions. 

lit  ^  ^  other  hand,  ws  endeavour  to  work  out  the  mechanism  of 
fermentation  on  the  assumption  that  one  enzyme  carries  out  the 
resctioa  with  the  four  sugars,  we  get  an  explanation  of  the  inter* 
ferenee  of  the  reactions  by  the  competition  for  the  enzyme  when  more 
than  one  fermentable  sugar  is  present.  To  explain  the  varying  ratios 
of  the  rates  of  fermentation  of  different  sugars,  we  have  to  assume 
that  the  enzyme  ac(^uires  different  properties  under  different 
conditions. 

This  is  not  altogether  impossible.  An  analogy  might  be  found  in 
inorganic  catalytic  reactions  if  the  investigation  were  carried  out. 
Thus  colloidal  platinum  has  a  catalytic  influence  on  the  decomposition 
of  hydrogen  peroxide  (Bredig  and  Bernech,  Zeitsch.  phi/sikal.  Chem., 
1899,  31,  258  ;  Brodig  and  Ikeda,  ibid.,  1901,  37,  1),  and  also  on  the 
formation  of  water  from  hydrogen  and  oxygen  dissolved  in  water 
(fimst^  Mttch,  ph^tikal.  Chsm.,  1901,  37,  448).    It  is  (^uite  possible 
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that  the  ratio  of  the  activities  of  the  platinum  to  the  two  reactions 
does  uot  remain  constant  for  different  preparationfi  and  different 
treatments  of  the  colloid,  it  is  even  possil»le  that  one  might  prepare 
a  specimon  of  colloidal  platinum  which  would  catalytically  influence 
one  reaction  without  affecting  the  other.  This  would  afford  an  exact 
analog}  to  the  fermentation  of  dextrose  and  galactose  hy  the  enzyme 
in  yeast. 

In  describing  tho  monsurements  of  fermentation  of  dextrose, 
IsBvuloao,  and  invert  .sugar,  it  was  })ointed  out  that  the  results  could 
be  to  a  certain  extent  explained  on  the  assumption  that  the  sugar 
combines  with  the  whole  of  the  enzyme  preaent,  forming  the  same 
intennediate  compound  from  either  dextrose  or  Uavaloee.  If  we  txy 
to  bring  the  reenlte  of  the  experiments  on  galactose  and  mannoee  into 
agreement,  we  have  to  assume  a  similar  combination  in  these  cases  to 
account  for  the  constant  velocity  with  varying  concentrations  of  sogar* 
The  differences  in  the  rates  of  fermentation  of  the  different  sagars 
can  be  explained  on  the  assomption  that  different  intermediate  oom- 
poands  are  formed.  It  is  not  difficult  to  construct  such  compoonds 
which  will  satisfy  these  conditions.  We  can  assume  that  the  compound 
is  formed  by  simple  addition  df  the  enzyme  and  sugar,  or  by  elimin^tioa 
of  water  according  to  the  equations : 

^6^12^6  +  E  =  CgHjoOgE 
or  C«H,,0,  +  E  =  CgH^oOj^E  +  H^O. 
The  latter  case  is  rather  simpler,  and  the  formuin  of  the  compounds 
may  be  constructed  as  follows : 

CEO  CHg^OH 

HO-<JJ*H  HOCp-H 

H-(j:-OIl  H-(f!-OH 

H-C-OH  H-C'OH  H-C'OH  H-O-OH 

CH.-OH  CH.-OH  CH,-OH  CHj-OH 


Dextrose.  LsaYulosa.  Manaoae.  Galactose. 


^^-H        /  H-^-OH 
H0-9-H  HO-C-H      ^N.  0H-9-H 

H-C-OH  H'^-OH  N  Cp'H 

H-C-OH  H-C-OH  H-C-OH 

CHg-OH  Ah,-OH  CHg- 


OH 


In  considering  the  possiUe  formula  in  the  case  of  galactose^  that  one 
has  been  ehoeen  which  agrees  with  the  statement  that  il-tagatose  and 
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<f-taloFie  are  Dot  fermentable,  although  it  is  not  known  whether  these 
sugars  are  feriuented  by  yeast  acclimatised  to  galactose. 

The  asymmetric  character  of  the  enzyme  prevents  the  formation  of 
many  of  the  possible  compounds  isomeric  with  the  above. 

It  is  not  suggested  that  these  bodies  arc  the  only  possible  inter- 
mediate compounds,  but  rather  that  the  mechanism  of  fermenta- 
tion can  be  worked  out  on  the  assumption  that  the  same  enzyme 
ferments  all  four  sugars,  and  that  the  diffmnt  rates  are  determined 
by  different  intermediate  compoonds. 

The  suppoeition  that  more  than  one  eozyme  takes  part  in  the 
fermentation  of  each  sugar  does  not  lead  to  any  simpler  explanation 
of  the  vesnlts. 

The  oondusioos  of  this  discussion  may  be  sommarised  as  follows : 
The  nomeroiis  results  obtained  by  measurements  of  the  Telocity  of  the 
fennentation  of  dextrose,  Uevulose,  mannose,  and  galactose  are  most 
easily  brought  into  agreement  on  the  supposition  that  the  enzyme 
oombioes  completely  with  the'sugar,  and  that  the  velocity  of  formation 
of  carbon  dioxide  is  determined  by  the  rate  of  decomposition  of 
this  compound.  Dextrose  and  Invulose  are  fermented  by  the  same 
enzyme,  but  the  results  are  not  considered  conclusive  in  determining 
whether  one  enzyme  brings  about  the  fermentation  of  all  four 
sugars. 

The  results  also  have  some  bearing  on  enzyme  reactions  in  general. 
The  main  evidence  generally  recognised  to  distingnisli  two  enzymes 
is  a  variation  in  the  occun*euce  and  relative  activity  of  the  two 
enzymes  in  que-*tiou.  Thus  maltase  is  considered  to  be  different  from 
iuverlase  in  tli;it  yeasts  are  known  which  contain  each  enzyme  singly, 
and  that  they  are  in  diiferent  degrees  sensitive  to  outside  influences, 
such  as  heat.  We  can  express  the  results  in  the  manner  used  in 
this  communication^  that  a  variation  in  activity  from  100:0  to 
0:100  has  been  observed  with  different  yeasts.  If  it  is  oonsidered 
that  a  variation  from  100:0  to-  100:150  in  activity  of  yeasts  is 
Dot  condusLve  proof  that  dextrose  and  galactose  are  fermented  by 
different  enzymes,  then  the  evidence  to  show  that  sucrose  and 
maltose  are  hydrolysed  by  different  enxymes  ought  to  be  re- 
oonsidered. 

These  two  views  can  be  expressed  generally.  On  the  one  hand, 
we  have  the  hypothesis  that  there  is  present  in  yeast  cells  a  large 
number  of  enzymes  each  capable  of  exerting  its  own  specific  ac- 
tion; on  the  other,  it  is  possible  that  only  a  few  ensymes  are 
prssent,  and  that  the  same,  enzyme  can  promote  different  chemical 
actions  (compare  H.  E.  Armstrong  and  E.  F.  Armstrong,  Proe.  Roy.  Soc^ 
1907,  79,  B,  360  i  Manno  and  Lericano,  Qatutta,  1907,  37,  i,  45). 
The  first  view  is  the  more  plausible  one,  and  the  one  u&ually 
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accepted,  but»  as  there  are  diSerenoee  between  glacosymaee,  galacto* 
qnoukse,  and  mannoxymaae  which  are  in  some  ways  as  great  as 
the  differences  between  the  sucroclastic  enzymes,  this  view  also 
inyoWes  the  assumption  that  these  three  lermentation  eniymfls  are 
different. 

The  author  wishes  to  acknowledge  his  indebtedness  to  Dr.  A.  L. 
Stem,  for  valuable  criticism  of  the  work  described  in  this  paper. 

BOBTOir-ON-TElllT. 


XXII. — Studies  in  the  Campham  Seines.    Part  XXV, 
Action  of  Diazomethane  on  the  Two  Modijications 

of  moNUrosoca7nphor, 

By  Maktin  Ouslow  Fobstbb  and  Hsnbt  Holmes. 

Apart  from  the  general  question  of  ozime  structure  and  the 
advantages  or  drawbacks  of  the  Hantzsch- Werner  hypothesis,  the 
constitution  of  wonitrosocamphor  presents  features  peculiar  to  itself. 
Although  both  modifications  of  this  compound,  melting  at  16^ 
(stable)  and  114°  (unstable)  i  espectivelj,  are  produced  by  the  original 
method  of  Olaisen  and  Msnasse  {Annahn,  1893,  274,  71),  it  does  not 
appesr  to  be  possible  to  separate  them  by  fracMonal  crystallisation, 
and  it  was  only  by  lijdroljsing  the  isolated  products  of  treating  the 
mixture  with  m-nitrobenzoyl  chloride  that  the  unstable  variety  was 
revealed  (Trans.,  1903,  83,  534).  Since  that  time  many  experiments 
have  been  made  with  the  object  of  explaining,  from  a  cliemical  stand- 
point, iho  ob^cuie  relationship  between  the  two  compounds  (Forster, 
Trans.,  lOOi,  85,  892;  1905,  87,  232),  but  it  cannot  be  claimed  that 
the  conclusions  drawn  therefrom  achieve  much  more  than  bring  the 
difficulties  into  stronger  relief  ;  moreover,  these  deductions  have  been 
disputed,  althuugh  not,  in  our  opinion,  disproved,  by  the  ingenious 
arguments  of  Baly,  Marsden,  and  Stewart  (Trans.,  1906,  89,  966), 
based  on  an  examination  of  absorption  spectra.  Briefly  stated,  the 
conclusions  of  these  authors  amount  to  rejection  of  the  stereochemical 
hypothesis,  the  isomerism  of  the  two  modihcatious  of  Monitroso- 
camphor  being  regarded  as  structural : 

"■"■-^i  ■  "."..-cgr"- 

Stable  (m.  p.  162*).  UnsUble  (m.  p.  114*}. 

Whilst  there  is  doubtless  much  to  be  said  in  favour  of  this  representa- 
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tion  of  the  st&ble  variety,  the  case  for  the  second  formula  appears  to 
us  very  slender.  It  is  based  on  the  conclusion  that  the  spectrometric 
data  justify  the  recognition  of  an  equilibrium  mixture, 

iu  thu  alkalino  solution  of  unstable  i^onitrosocamphor,  giving  rise  to 
iflorropesis  expressed  by 

but  it  does  not  appear  why,  in  selecting  from  these  two  an  expression 
for  the  parent  compound,  the  latter,  instead  of  the  former,  ahould 
have  heen  chosen.  Moreover,  the  conclusion  is  based  on  a  line  of 
ai'giunent  which,  we  ventiire  to  think,  has  at  least  one  serious 
ivaaknees.  The  absorption  speotnun  of  the  unstable  isomeride  was 
nerer  studied  individnally,  it  was  merely  deduced  from  the  difference 
between  the  onrres  fumlsbed  by  the  **  CUusen  mixture"  and  by  the 
stable  modification,  this  difference  being  ascribed  to  the  unstable 
form.'  Such  a  course  might  be  justified  if  it  were  perfectly  certain 
that  the  **  CSlaisen  mixture  "  is  nothing  more  than  a  simple  mixture 
of  the  two  modifications,  bat  one  of  the  difficulties  of  the  problem  lies 
in  the  peculiarity  that,  although  an  artificial  mixture  of  the  two 
sttbstanoee  yields  the  unstable  variety  by  fractional  crystallisation, 
separation  cannot  be  effected  when  the  Claisen  mixture "  itself  is 
treated  in  the  same  wuy. 

It  wa.s  not  our  intention  to  complicate  the  matter  still  further  by 
re-opening  the  discussion,  but  a  new  fact  has  aribcn  from  an  attempt 
to  gain  fresh  evidence  by  studying  the  behaviour  of  the  two  isomerides 
towards  diazomethane.  We  find  that  this  agent  rapidly  transforms 
the  unstable  variety  into  the  stable  form,  whilst  tho  latter  is  con* 
verted  into  the  iV-methyl  ether,  and  as  a  consequence  of  this 
observation  it  will  be  necessary  to  proceed  very  cautiously  in  drawing 
conclusions  regarding  the  structure  of  a  compound  from  its  behaviour 
towards  dtaiomethane.  We  have  searched  in  vain  for  records  of  the 
interaction  of  diasomethane  and  oximes,  in  the  hope  of  being  able  to 
make,  from  our  own  experiments,  some  inference  regarding  the 
constitution  of  wonitrosocamphor  preliminary  examination  of  the 
betiMfcldoximes  has  shown  us  that  the  onlt-aldoxime  (m.  p.  35°)  yields 
the  0-methyl  ether,  whilst  the  «yn-aldoxime  (m.  p.  128°)  remains  un- 
altered. The  bensUoximee  have  furnished  oily  products  from  which 
no  definite  condusion  can  be  drawn. 

Newtheleie»  eaqMriments  have  been  described  by  other  workers 
which  bear  indirectly  upon  the  problem,  in  view  of  the  conclusion  by 

y 

Digitized  by  Google 


244  FORSTER  AND  HOLMES: 

Baly,  Stewart,  and*  Maraden  regarding  the  poasible  pi-eflenoe  of  a 
nitioso-group.  It  ^haa  been  shown  by  yon  Peefamann  (Bar.,  1897> 
30-,  2461)  that  nitroaobeniene  yields  with  dlaaomethana  the 

glyozime  iV^-phenyl  ether, 

0  o 

subsequent  experiments  (von  Pechmann  and  Nold,  Ber.f  1898,  31, 
557)  indicating  that  the  formation  of  a  ^lyoxime  iV-phenyl  ether  is  the 
normal  result  of  action  between  an  aromatic  nitroso-compound  and 
diazomethane.  At  first  sight,  this  might  be  regarded  as  disposing 
finally  of  the  possible  presence  of  a  nitroso-group  in  wonitrosocamphor, 
because,  apart  from  the  formation  of  an  ethane  derivative  as  dis- 
tinguished from  the  simple  methane  compound,  doubtless  due  to  the 
oxidiaing  action  uf  nitrosobenzene,  the  condition  of  the  phoDyl  group 
with  respect  to  oxygen  is  quite  distinct  from  that  of  the  camphoryl 
radide  in  the  itT-methyl  ether  of  iaonitroeooamphor  as  represented  by 
the  formula : 

00 

But  analogy  may  be  pressed  too  far,  and  it  is  impossible  to  deny  that 
the  htluiviour  of  the  stable  wonitrosocamplior  towards  diazometlmue 
may  be  construed  as  readily  in  favour  of  a  nitroso-group,  according 
to  the  view  whicli  is  taken  concerning  the  structure  of  the  iV-methyl 
ether.  This  compound,  obtained  in  association  with  the  0-ethorbythe 
action  of  methyl  iodide  on  /^onitrosocamphor  in  presence  of  sodium 
methoxide  (Trans.,  1904,  85,  896),  is  pale  yellow,  has  high  specific 
rotatory  power,  and  is  resolved  by  acids  into  oaraphorquinone  and 
alkylhydroxylamine  with  extraordinary  facility,  points  in  which  it  is 
closely  resembled  by  the  ethyl  compound  described  in  this  communioa- 
ti<m  I  accordingly,  we  are  disposed  to  prefer  the  representation 


to  the  one  already  given,  and  Mr.  Baly  informs  us  that  his  examina- 
tion of  the  absorption  spectrum  has  led  him,  independently,  to  the 
same  conclusion.  There  seems  to  be  little  doubt  that  the  various 
changes  which  diazomethane  has  been  shown  to  effect  can  be  explained 
on  the  assumption  that  the  complex  -NIN*CH.2~  is  Jissimilated  by  some 
unsatisfied  affinity  of  the  co-operating  molecule,  the  product  then  losing 
nitrogen  in  some  cases,  and  retaining  it  in  others.   If  now  a  nitroso* 
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group  were  present  in  tbe  cftmphor  derivative,  the  prodnotion  of  the 
i^-methyl  ether  wonld  be  met  b j  the  following  explanation : 

XI-OH  \N  ^C-N:Nf 

Nevertheless,  we  caunot  admit  that  wonitrosocamphor  is  a  true  nitroso- 
compound.  The  absence  of  a  green  or  blue  coloration  on  dissolution 
and  fusion,  together  with  the  failure  of  the  Liebermann  test,  must  not 
be  set  aside  without  the  strongest  evidence.  Moreover,  the  action  of 
diazomethane  can  be  explained  by  adopting  the  formuU  which  is 
certainly  indicated  from  the  behaviour  of  the  oolonrless  methyl  and 
benzoyl  derivatives : 

We  have  not  recogm.^ed  the  colourless  methyl  other  as  accompanying 
the  JV-ether  when  diazomethane  acts  on  the  stable  modification  of  iso- 
nitrosocamphor,  but  its  absence  does  not  bearmaterially  on  the  relative 
merits  of  the  formulae : 

beoaoae  the  formation  of  qainonemonoxime  O-methyl  ether  in 
Modatton  with  the  dihydrozy-derivative  of  glyozime  itT-phenyl 
«ther, 

HO-CgH.N— CH'OH— NC.H.OH 
0:CeH^:N-0-CH,  and  \/  \/ 

O  O 

wb«n  diazomethane  acts  on  nitrosophenol  (von  Pechmann  and  Seel, 
Ber.,  1898,  31,  296)  may  be  merely  due  to  the  more  ucidic  character 
of  the  hydroxyl  group  in  the  latter  sub.stancc,  and  the  exibteace  of  a 
hydroxyl  radicle  in  i^onitrosocamphor  is  not  disputed. 

The  action  of  diazomethane  on  oximino-compounda  in  general  will 
probably  develop  into  a  fruitful  subject  for  inquiry.  It  is  particularly 
signiticant  that  the  /3-benzaldoxime  escapes  attack  under  conditions 
which  transform  the  isomeride  into  the  C^-methyl  ethor.  This  observa- 

vou  xcm  B 
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tion  is  probably  as  daoiagiag  to  the  steroocheinical  hjpothMts  as  any 
whieh  has  been  made,  and  is  in  agreement  with  experiments  recently 
deeeribed  in  connexion  with  oxime  isomerism  by  Beck  and  Hase 
{AnnaUn,  1907,  356,  29),  who  have  been  led  to  condnde  that  the 
bensaldoximes  are  structiually  distinct. 

In  oonjnnction  with  the  totegomg  snbject,  we  have  studied  the 
action  of  p*nitrobenayl  chloride  on  tsonitrosocamphor  in  presence  of 
sodium  ethoxide,  and  haye  obtained  three  compounds,  the  relationship 
of  which  is  not  easy  to  explain.  The  principal  crystalline  product, 
melting  at  175^  has  the  composition  of  a  jp-nttrobensyl  ether  of 
tfoniCkrosoeamphor,  C^^HjoO^Nj,  but  associated  therewith,  and  occur- 
ring in  small  quantities  only,  is  a  sul>8tance  having  the  appearance  of 
iodoform  and  melting  at  214°,  with  an  empirical  formula  Cj^Hj^OaNj. 
It  is  diflicult  to  understand  the  chanpje  giving  rise  to  the  latter  com- 
pound, because  we  have  not  been  able  to  prepare  it  by  another  method, 
but  it  may  depend  on  tiitj  fact  that  a  large  proportion  of  the  material 
employed  is  converted  into  a  pale  red,  viscous  oil,  which  develops  an 
intense  blue  coloration  with  alcoholic  potash.  The  scarcity  of 
chromophoric  substances  in  the  camphor  group  renders  this  product  a 
remarkable  one,  but,  unfortunately,  all  attempts  to  prepare  crystalline 
derivatives  of  the  oil  have  failed.  The  only  explanation  of  the  colour 
which  has  iiitherto  su^^f^cstetl  itself,  depends  on  the  possibility  that  the 
oil  may  be  the  iV-/>-nitrobenzyl  ether  of  t«onitrosocamphor,  which,  if 
represented  by  the  type  of  expression  advanced  in  the  present  com* 
munication,  might  be  expected  to  change  into  a  dienolio  form  with 
alkalis : 

(CioHi^o):N-cHj-CeH4-NO,  (CioHj^o):n:c:CoIJ,:n:o 

b  OH         OH  " 

The  bright  yellow  compound,  melting  at  2U%  is  conceivably  the 
anhydride  of  this  dienol^ 

(CjpH„0):n:c:c;.h^:n:o 

i_  o  ^  * 

as  the  dissolved  substance  is  rapidly  decomposed  by  light,  and  de* 
oolorises  bromine  immediately.  The  interaction  of  «Mnutraocamphor 
and  jt»-nitrobenByl  chloride  is  rendered  still  more  obsoure  by  the  fact 
that  j9-nitrobenzyl  bromide^  acting  in  presence  of  sflver  oxide,  yields  an 
isomeric  substance  of  composition  Cj^H^oO^Nj.  meltiog  at  114% 
together  with  the  colour-giving  oil. 

Although  the  foregoing  remarks  on  the  nature  of  these  products  are 
purely  speculative,  it  has  appeared  dosn  .ible  to  record  our  experiments 
because  another  runjarkable  chromophoric  gubstauce  is  produced  when 
iminocamphor  is  led  to  combine  with  formaldehyde,  the  product  develop- 
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iog  an  mienae  nuifeDta-ved  eolcfatum  with  aloohoHc  potash.  It  aeemed 
to  us  posdUo  that  if  the  if-methyl  ether  has  the  ooostttotloii 

andi  a  sabetaiuse,  with  empirioai  formula  G||H|^0|N,  might  arise  from 
iminocamphor  and  formaldehyde : 

From  this  jwint  of  view,  the  experiment  failed.  Iminocamphor  and 
formaldehyde  certainly  combine  under  the  influence  of  acids  in  minute 
<|iiantityt  but  the  product  is  not  the  i\^-methyl  ether ;  the  intensely 
cfaromophoric  material  actually  obtained  has  been  isolated  for  a  few 
minutes  in  the  form  of  a  sodium  derivative  which  resemblas  indigo- 
blue  in  appearanoe,  but  this  is  immediately  destroyed  by  acids, 
yielding  eamphorqninoDe,  ammoniay  and  formaldehyde. 

EXPBBIMBNTAL. 

Action  0/  Uiazomet/tane  on  isoNiirosoeampIuir. 

One  gram  of  tnniitrosocamphor  (stable  modification,  m.  p.  152^), 
dissolved  in  pure  dry  ether,  was  treated  with  an  ethereal  solution  of 
diaaomethane  prepared  from  2*5  ce.  of  nitrosomethylurethane ;  as  the 
agent  was  added,  the  yellow  colour  of  the  earlier  portions  disappeared 
immediately,  and  vigorous  evolution  of  gas  took  place.  After  twenty- 
four  hours,  the  liquid  was  extracted  with  very  dilute  aqueous  potash, 
in  which  a  faint  coloration  was  developed,  and  on  evaporating  the 
ether  there  remained  a  yellow  oil,  readily  identified  as  the  xY-methyl 
ether  of  tsonitrosocamphor. 

On  treating  the  unstable  modification  (m.  p.  114°)  with  diazo 
methane  under  similar  conditions,  involving  excess  of  the  agent,  the 
same  product  arose,  but  the  following  experiment  indicates  that  the 
formation  of  the  iV-methyl  ether  is  preceded  by  conversion  of  the 
nnsL'ible  tVonitrosocamphor  into  the  isomeric  substance.  Two  equal 
portions  of  the  unstable  form  were  dissolved  in  ether,  and,  the 
eolations  being  of  similar  ooncoDtration,  one  was  treated  with  a  small 
quantity  of  diasomethane,  representing  a  considerable  deficit  from  one 
molecular  proportion;  after  six  hours  in  stoppered  vessels,  both 
sedations  were  allowed  to  evaporate  spontaneously,  the  residue  in  each 
esse  being  reerystallised  from  hot  petroleum  (b.  p.  60 — 80°).  From 
the  blank  experiment,  the  original  material  (m.  p.  114^)  was  recovered, 
whilst  the  specimen  which  had  been  treated  with  a  deficiency  of 
diasomethane,  furnished  the  stable  modification  (m.  p.  152'*)  con- 
taminated with  a  veiy  small  proportion  of  the  iV-methyl  ether.  These 
experiments  have  been  repeated  several  times. 
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InUroGtion    p-NUrobsntyl  Ckhride  and  iBoNUrotocan^kor  in  Pre99no$ 

fif  Sodium  Sihoodde. 

Fifty  grams  of  i.^onitrosocamphor  were  covered  with  400  c.c.  of 
absolute  alcohol  in  which  6  5  grams  of  sodium  had  been  dissolved; 
47  grains  of  finely-powdered  /7-nitrobenzyl  chloride  suspended  in 
100  cc.  of  alcohol  were  added  to  the  dark  red  solution,  this  colour 
changing  through  green  to  dark  blue  as  the  mixture  was  heated  on 
the  water-bath.  When  boiled,  however,  the  dark  blue  liquid  suddenly 
became  pale  brown,  and  a  preeipitate  appeared,  augmenting  during 
two  to  three  hours;  heating  was  discontinued,  and  after  an  interval 
o(  twelve  hours  the  pale  brown,  erystalline  deposit  was  filtered,  the 
filtrate  being  evaporated  to  small  bulk,  and  diluted  with  water.  A 
further  quantity  of  crystals  separated,  differing  in  appearanoe  firmn 
the  first  crop ;  the  remaining  product  was  a  viscous,  red  oil. 

The  Campaimd,  Cj^H^oO^N,.— The  lees  soluble  material  Tefened  to 
above  weighed  25  grams,  and  when  twice  recrystallised  from  bmling 
alcohol  yielded  lustrous,  transparent,  pale  brown  prisms,  melting  at 
175**  without  evolving  gas : 

0-1839  gave  0  4343  COg  and  O'lOOl  H.O.    0  =  64  40;  H  =  6-10. 

0-3112    „    24-2  c.c.  of'  nitrogen  at  19^  and  756  mm.    N  =  8-89. 

requires  C  =  64-55  ;  H  =  6  33 ;  N  =  8  86  per  cent. 

A  solution  containing  0*2694  gram  in  25  c.c.  of  chloroform  gave 
aj,2^ZV  in  a  2-dcm.tube^  whence [a]|>  123'0^,  this  value  remaining  un- 
changed after  four  weeks'  exposure  to  light.  Attempts  to  obtain  an 
oxime  from  this  compound,  or  definite  products  of  hydrolysis  with 
acids  and  alkalis  in  alcoholic  solution,  have  been  unsuccessful.  When 
heated  at  the  melting  point  during  a  few  minutes,  the  fused  substance 
becomes  pasty,  owing  to  the  separation  of  /^dinitrostilbene,  whioh 
melts  at  280— 285<>. 

Compound,  C^YHjgOsNg.^The  second  crop  of  otystals  amounted 
to  about  2  grams  only,  and,  in  ten  or  more  experiments  which  have 
been  made  since,  occurred  in  even  smaller  quantity,  or  not  at  all. 
After  treatment  with  a  little  cold  alcohol  to  remove  the  oily  mother 
liquor,  the  substance  was  crystallised  from  the  hot  solveut,  separating 
in  lustrous,  transparent,  canary -yellow  plates,  melting  at  214°  without 
evolving  gas : 

01821  gave  0  4544  CO3  and  0-1043  H^O.    C  =  68  06  ;  H  =  6-42. 

0-2640    „    22-2  c.c.  of  nitrogen  at  18'^  and  761  mm.  N-9-72. 
0„H,sO,Ns  requires  G  -  68  45  ;  H  -  6  04 ;  N  «  9  40  per  cent. 

A  solution  containing  0*6787  gram  in  25  cc  of  chloroform,  when 
freshly  prepared,  gave  -  3^  in  a  2-dem.  tube,  corresponding  with 
[ajo  -  65*3^  but  this  rotation  diminished  when  the  liquid  was  exposed 
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to  diffused  daylight^  reaehing  [a]o  -65*5°m  aboat  three  hotire;  on 
wpomm,  the  eolation  beeame  deep  brown,  with  green 
flaoreeoenee,  and  was  too  dark  to  examine  in  the  polarimeter. 

The  substance  is  insoluble  in  cold  petroleum,  but  dissolves  in  the 
boiling  liquid,  forming  a  colourless  solution  which  deposits  the 
characteristic  yellow  plates  on  cooling. 

The  ChrojHophoric  Oil. — The  viscous,  red  oil  remaining  after  the 
compounds,  CjwHgoO^No  and  CiyHjgOgN.^,  have  been  removed, 
represents  the  main  bulk  of  tlie  product  from  wonitrosocamphor  and 
p-nitrobenzyl  chloride.  The  oil  is  insoluble  in  water,  but  dissolves 
readily  in  organic  media,  and  on  adding  caustic  alkali  to  its  solutions 
in  methyl,  ethyl,  or  t«obutyl  alcohol  an  intense  blue  coloration  is 
developed  ;  this  change  does  not  take  place,  however,  when  ether, 
benzene,  chloroform,  petroleum,  or  phenol  is  used  as  a  medium  in  place 
of  the  alcohols,  bat  the  colour  is  developed  by  baryta  as  Ftrongly  as  by 
potash  or  soda,  and  more  slightly  by  alcoholic  ammonia.  The  blue 
solution  loses  its  coloor  on  adding  excess  of  the  oil  which  produces  it, 
and  dilation  with  water  has  the  same  effect ;  acids  also  destroy  the 
eoloor,  wbieh  is  restored  by  alkalis. 

Attempts  to  oonvert  this  eomponnd  into  a  permanent,  crystallino 
derivative  which  could  be  analysed  have  been  ansncoessf  ul ;  it  is  not 
volatile  in  steam,  and  an  attempt  to  distil  under  2  mnu  pressure  led  to 
complete  decomposition  at  140 — 160^,  neither  the  distillate  nor  the 
residue  giving  the  faintest  indication  of  the  blue  colour  after  this 
treatment,  although  continued  exposure  to  100"  has  no  effect  on  the 
cbromophoric  properties.  Nevertheless,  the  colour- giving  oil  appears 
to  be  the  uniform  companion  of  the  />-nitrobenzyl  derivative  of 
Monitrosocamphor  as  prepared  above,  and  we  have  obtained  it  also 
when  sodium  dissolved  in  wobutyl  alcohol  is  substituted  for  sodium 
ethoxide,  although  under  these  conditions  the  crystalline  derivatives  do 
not  appear.  Moreover,  a  paste  composed  of  the  potassium  derivative 
of  wonitrosocamphor,  jo-nitrobenzyl  chloride,  and  alcohol,  remaining  at 
the  laboratory  temperature  during  many  days,  develops  the  chiomo- 
phoric  substance  together  with  the  compound  Cj^HgoO^Ng. 

In  view  of  the  fact  thaty  associated  with  the  foregoing  products, 
there  is  produced  in  varying  proportion  the  /^-dinitrostilbene,  melting 
at  280—^85°,  obtained  by  Walden  and  Kernbaum  (Ber.,  1890,  23, 
1959)  from  />-nitrobenzyl  chloride  and  alcoholic  potash,  it  seemed 
possible  that  the  cbromophoric  substance  was  a  stilbene  derivative ; 
the  authors  quoted,  however,  do  not  refer  to  a  compound  of  this 
nature,  and  on  repeating  their  experiment  we  failed  to  recognise  the 
oil  f  umisbed  by  the  camphor  derivative.  Moreover,  the  compound  is 
not  produced  when  tsenitrosocamphor  is  heated  with  bensyl  chloride  in 
presenee  of  sodium  ethoxide,  a 
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ItUmraciun  of  j^'yUrobinz^  Bramida  and  isoil^tenMoeoinpAor  in 

/VvMfiet  ^  Silver  Oxide. 

When  ;7-nitrobenzyl  bromide  acts  on  wonitrosocamphor  in  presence 
of  sodium  ethoxide,  the  blue  coloration  is  developed  as  in  the  case  of 
the  chloride,  and  quickly  disappears  on  warming,  but  the  compounds, 
Cj-HooO^Nj  and  Cj^HjgOgNo,  do  not  appear  to  he  formed,  the  sole 
products  being  ;;-dinitro8tilbene  and  the  colour-giving  oil.  On 
repeating  the  experiment  with  dry  silver  oxide  instead  of  sodium 
ethoxide,  silver  bromide  quickly  separated,  and  the  filtered  liquid 
deposited  colourless  prisms  which  melted  at  114^ ; 

0*2055  gave  0*4871  00,  and  0*1207  H^O.   0  »  64-63 ;  H  -  6*58. 
0*3154   „   23*9  CO.  of  nitrogen  at  16<*  and  765  mm.  N->8*98. 
OifH^O^Ng  requires  0-64*55  ;  H*6*33 ;  N>-8*86  per  cent. 

A  solution  containing  0*3502  gram  in  25  c.c  of  chloroform  gave 
Op  3°52'  in  a  2-dcm.  tube,  whence  [aj^  US-O"*. 

This  compound  does  not  arise  when  ^nitrobenzyl  chloride  is  used 
instead  of  tlie  bromide,  tlie  solo  recognisable  product  being  the  colour- 
giving  oil,  which  also  ivccompanies  the  crystalline  compound  in  the 
foregoing  experiment.  As  in  the  case  of  the  pale  brown  isomeride 
melting  at  175°  atteni{)ts  to  obtain  an  oxime,  or  definite  products  of 
hydrolysis,  have  failed,  and  accordingly  the  relationship  between  the 
two  isomerides  remains  unexplained. 

Aetion  of  Fcrmaldeksfde  on  InUneeamphar^ 

One  gram  of  camphorylazoimide  was  converted  into  iminocamphor 
by  suspending  the  ethereal  solution  over  2  c.c.  of  iO  per  cent,  aqneoos 
potash,  and  adding  2  drops  of  absolute  alcohol ;  when  effervescence 
ceased,  the  other  was  filtered,  cooled  in  melting  ice,  and  mixed  with 
an  ethereal  solution  of  formaldehyde.  One  drop  of  10  per  cent. 
Bolphuric  acid  was  added,  and  the  liquid,  still  at  0°  stirred  during 
fifteen  minutes.  On  adding  sodium  methoxide  dissolved  in  methyl 
alcoholy  a&  intense,  magenta^red  coloration  was  developed,  and  ether 
precipitated  a  bnlkyi  amorphous  solid;  the  filtered  produet,  when 
drained  ot^  earthenware^  consisted  of  an  indigo-blue  substance  with 
bronse  lustre,  but  was  too  unstable  to  admit  of  complete  examination, 
quickly  disappearing  from  the  tile.  The  freshly-prepared  substance, 
however,  displayed  properties  which  might  be  expected  in  the  sodium 
derivative  of  a  higldy  unstable  compound  from  iminocamphor  and 
formaldehyde.  On  covering  the  solid  with  cold  dilute  sulphuric  acid, 
the  colour  was  destroyed  immediately,  and  effervescence  took  place ; 
the  odour  of  formaldehyde  w»e  noticeable^  and  became  very  intense  on 
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boiling,  when  camphorquinone  separated.  After  the  latter  had  been 
temoved  by  extracting  the  cold  liquid  with  ether,  ammoniam  sulphate 
rematned  in  the  solution,  but  bjdrozylamioe  was  absent. 

An  ethereal  solution  of  the  aahatance  gives  no  distinctive  indica- 
Hon  with  ferrie  chloride  or  copper  acetate,  and,  although  attempts 
have  been  made  to  iiolate  some  erystallisable  derivative,  neither 
heoioyl  eUoride  nor  the  nwiitro-derivative  has  famished  a  stable 
prodnet  The  colour  change  does  not  occur  when  eamphoiylazoimide 
itself  is  treated  in  the  same  way,  nor  will  iminoeamphor  yield  a 
compound  with  formaldehyde  unless  the  mixture  is  treated  with 
a  sniall  quantity  of  acid.  It  is  possible,  however,  to  substitute  acetic 
for  sulphuric  aoid»  and  the  former  agent  has  the  advantage  of 
hydrolysing  the  imine  less  freely  than  mineral  acid;  on  the  other 
hand,  the  colour  produced  by  alcoholic  alkali  is  less  intense  when 
acetic  acid  ha^  been  employed.  If  the  magenta  solution  is  diluted 
with  water,  the  colour  disappears  after  a  few  minutes  hfive  elapsed, 
and  is  not  restored  by  potash  ;  nevertheless,  on  adding  enough  acid, 
mineral  or  acetic,  to  destroy  the  red  colour  of  an  undiluted  solution, 
alkali  develops  it  onco  more. 

One  hundred  grams  of  tsonitrosocamphor  were  mixed  with  500  cc. 
of  absolute  alcohol  in  which  13  grams  sodium  had  been  dissolved, 
and  heated  on  the  water-bath  with  95  grams  of  ethyl  iodide  under 

reflux  during  two  hours.  AJcohol  and  nnused  iodide  having  been 
removed  by  distillation,  a  current  of  steam  was  passed  through  the 
liquid  in  order  to  separate  the  0-ethyl  ether,  a  colourless  solid  which 
melts  at  73°,  and  is  volatile  in  steam  ;  on  adding  soiiium  carbonate  to 
the  filtered  liquid,  the  <iV-ethyl  ether  was  precipitated,  and,  after  drying 
the  ethereal  extract  with  calcium  chloride,  was  deposited  on  evaporation 
in  the  form  of  pale  yellow  crystals  melting  at  57*^: 
0  2447  gave  14*7  cc.  of  nitrogen  at  17°  and  756  mm.  N»6*66. 
CuHigOsN  requires  N  »  6*69  per  cent. 

A  solation  containing  0*3116  gram  in  25  cc.  of  chloroform  gave 
6^r  in  a  2-dcm.  tube,  whence  [a]D  248*1^. 

The  ilT-sihyl  ether  is  less  soluble  in  hot  water  than  in  cold,  which 
dissolves  it  readily,  and  from  which  it  is  precipitated  by  sodium 
Cftrbonato  or  caustic  potash;  it  is  freely  soluble  in  organic  media. 
When  heated  with  Fehling's  solution,  the  latter  is  reduced,  and 

boiling  dilute  acids  resolve  it  immediately  into  camphorquinone  and 
ethylhydroxylamine. 
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AcUan  qf  ffffdrogtn  PrntadeU  on  Cimphorpnnom, 

With  the  object  of  coofirming  the  evidence  in  favoar  of  the  general 

formula,  OgH|4<]^^  ^  *  ,  for  theiV-aikyl  ethers  of  MomtroBOOunphor, 

an  attempt  was  made  to  oxidise  the  first  member  of  tho  .<<ei  ies  with 
hydrogen  peroxide  in  the  hope  that  thia  agent  would  convert  it  into 
camphorquinone  and  nitromethane : 

• 

An  aquaoiitf  eolation  of  the  y^methyl  ether  was  therefore  heated  on 
the  water-hath  with  hydrogen  peroxide,  when  a  colonrleee,  viaooua  oil 
separated,  and  did  not  re-dissolve  on  cooling ;  although  some  change  is 
thereby  indicated,  nitromethane  could  not  be  recognised.  On  heating 
tho  product  with  dihite  sulphuric  acid,  a  faint  yellow  colour  was 
developed,  and  the  liquid  deposited  a  colourless  solid  on  cooling ; 
recry.stalli^ation  from  water,  followed  by  analysis,  showed  this  to  be 
camphoric  anhydride  : 

0-1771  gave  0-4268  CO.,  and  0  1236  H,0.    C  =  G5-73  ;  H-7-75. 
CjflHj^Oj  requires  C  =  G5-96  ;  H  =  7*69  per  cent. 

Suspecting  that  the  anhydride  might  arise  also  from  camphor* 
quinone,  10  grams  of  the  latter  were  mixed  with  60  e.c.  of  SO  per 
cent  hydrogen  peroxide,  when  the  paste  became  hot  and  inflated  with 
gas;  after  thirty-six  hours,  the  colour  of  the  quinone  had  dis- 
appsared,  and  the  product  was  readily  identified  with  camphoric 
anhydride. 

Royal  Colleoe  of  Sciknce,  London, 
SoUTfl  Kknsiiioton,  S.W. 


XXIIL — The  Cmatitutian  of  VmbelhUone.   Part  IIL 

By  Fbaitk  Totih. 

In  previous  communications  (Trans.,  1906,  89,  1104;  1907,  91, 
271)  the  author's  conclusions  respecting  the  constitution  of  umbellulone 
have  been  set  forth,  but  iu  view  of  some  criticisms  recently  published 
by  Semmlur  {Ber.,  1907,  40,  5017)  it  appears  desirable  that  the 
subject  should  again  bo  discussed. 

Umbellulone  was  first  isolated  by  Power  and  Lees  (Trans.,  1904, 
65,  629)  from  the  essential  oil  of  l/mbdlMiana  CeUi/omica,  Kuttall 
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(Oalifornian  laurel).  It  was  shown  hj  them  to  possess  the  formula 
Oi^Hj^O,  and  to  be  a  bicjolic  ketone  containing  an  etbylenic  linking 
in  the  a/3- position  with  respect  to  the  oarbonyl  group. 

In  the  first  eommunication^bj  the  present  author,  the  behaviour  of 
mnbeUnlone  on  ondatton  with  potassium  permanganate  was  studied. 
When  submitted  to  this  trestment,  it  gave  a  saturated  keUMund,  nm- 
bellalonie  acid,  G^Hi^Og,  which  on  distillation  posses  into  an  nn- 
saturated  lactone,  O^Hi^Oi.  The  latter,  on  oxidation,  yielded  umbellu- 
larie  add,  a  polymethylenedicarbozylto  aeid,  possessing  the  fonnuU 
CgHjjO^.    These  ohanges  may  be  represented  as  follows : 

^^^^"^^^^^^^^  ~^  ^•^•^^^•OH,  (^A*'^(OH):CHj) 
UmboUiiloiia  UmbtUolonio  seid.  Bnolic  modiStistioo. 

Liofeo&e.  UmbsUnlaiie  idd. 

It  was  stated  regarding  umbellularic  acid,  that  its  general  properties, 
especially  its  great  stability,  ''indicate  that  it  is^  one  of  the  tetra-, 
peuta-,  or  henrmethylenedicarbozylio  adds."  It  was  not,  however, 
at  that  time  oonddered  neoessary  to  state  in  detail  the  reasons  for 
condttdittg  that  it  could  not  be  a  trimethylene  compound.  Since  the 
hexamethylenedicarbozylic  adds  are  all  known,  and  the  oxidation 
products  of  umbdlulone  are  not  identical  or  stereoisomeric  with  those 
of  pinene,  it  was  concluded  that  umbellularic  acid  was  most  probably 
a  methylpentamethylenedicarboxylic  acid.  From  these  results, 
together  with  other  considerations  (loc.  cit.},  it  was  concluded  that 
ombellulone  was  most  probably  represented  by  the  following  formula  : 

CH,  CH  00 

I  OHg-^HMe    I  . 

OH  OMe=:oH 

Umbeliulcnic  and  umbellularic  adds  respectively,  would  then  have 
the  following  constitutions : 

OH-00,H  OH*CO,H 

M  MeCH  OH, 

0H,H3H*G0*0H,  CHs-OH-OOjH 
UmbeUiiloDk  aeid.  tJmbeUolarie  aeid. 

This  conclusion  is  in  harmony  with  the  observation,  recorded  in  the 
author's  second  paper  (loc.  cit.),  that  when  the  ring  contuiued  in 
urnbellulonic  acid  is  opened  by  the  addition  of  two  atoms  of  hydrogen, 
S-hydrox\ -a-t<sopropyl-n-hexoic  acid  is  obtained. 

Although,  a8  stated  above,  the  reasons  for  concluding  that 
umbellularic  acid  was  not  a  trimethylene  compound  were  not  detailed 
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in  the  original  communication,  it  now  appears  necessary  that  tbese 
should  be  considered.  If  umbel lnlaric  acid  does  not  contain  a  fiye- 
membered  ring,  it  must  be  represented  by  the  following  formula  : 

^2»>CH-0(CO,H)-CH-CO,H 

It  IB  well  known,  however,  that  the  ^yc/opropane  ring  iB,  in  genera^ 
flomewha^  nnsta^le.  A.  Kdta  has  |iointed  out  (J,  pr»  ChmL,  1903, 
68,  174)  the  generalisation  that  simnltaneons  sabstitation  bj  a 
earboxyl  group  and  an  alkyl  or  phenyl  radide  deereasse  tho  stability 
of  the  e^opropane  ring,  and,  furthermore,  that  in  the  presenee  of  an 
alhyl  or  phenyl  group  the  instability  increases  with  the  number  of 
carbozyl  groups.  With  consideration  of  these  condnsions,  O.  Asehan 
{Ch$mi$  d,  Altoifdiiehm  Fsr6.,  1905,  p.  244)  adds  that»  in  general,  the 
occurrence  of  a  quaternary  carbon  atom  appears  to  increase  the 
readiness  with  which  the  cyc/opropane  ring  is  opened.  According  to 
these  general i.-atidiis,  tlie  /^oproiiylc^j/c/opropanedicarboxylic  acid  repre- 
sented alx)ve  should  Ije  a  compound  in  which  the  ring  is  readily 
ruptured,  for  it  contains  a  c//r^opropano  ring  substituted  with  an  alkyl 
radicle  and  two  earboxyl  groups,  and,  moreover,  it  also  contains  a 
quaternary  carbon  atom. 

XJnibollularic  acid,  however,  is  an  extremely  stable  substance.  It 
is  unaltered  by  heating  with  concentrated  hydrochloric  acid  for  five 
hours  at  190°,  and  hydrobromic  acid  also  has  no  action  on  it.  It  is 
not  appreciably  oxidised  by  alkaline  potassium  permanganate  at  60°, 
and  was  recovered  unchanged  after  boiling  for  ten  hours  with  eight 
times  its  weight  of  a  mixture  of  three  parts  of  faming  nitric  acid  and 
one  part  of  water.  When  heated  for  two  hours  on  the  water-bath 
with  bromine  and  red  phosphorus,  it  was  also  recovered  unchanged^ 
and  after  boiling  for  five  hours  with  undiluted  fuming  nitric  acid, 
besides  unchanged  umbellularic  acid,  only  a  trace  of  oxalic  seid  was 
obtained.  In  addition  to  considerations  concerning  the  stability  of 
the  ring,  it  would  not  be  expected  that  a  compound  containing  an 
tsopropyl  group  would  exhibit  such  great  stability  towards  nitric  acid, 
as  ;7-cymene,  for  example,  when  treated  with  this  acid  in  the  cold, 
gives  ;>-tolyl  methyl  ketone^  together  with  other  compounds,  and  when 
warmed  with  nitric  acid  yields  jo-toluie  add.  tsoPropylsnccinic  add, 
also,  is  fairly  readily  attacked  when  heated  with  fuming  nitric  add. 
The  properties  of  umbellularic  acid  therefore  certainly  seem  to  indi- 
cate that  it  does  not  possess  the  c^yc/opropaue  structure. 

Semmlor,  in  his  recent  publication  (loc.  cii.)y  states  in  the  first 
place  that  the  physical  properties  of  umbellulone  are  not  in  agreement 
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with  those  of  bie$fcio-2  :  2  : 2-ocUuioiie  {Ber.j  1907,  40,  4844),  aod  that 
therefore  either  mnbellulone  or  the  6t0y0/O'2 : 2 : 2-oetMioiie  miut  he 
inoorreotlj  represented. 

In  this  oonoezion  it  may  he  noted  first  of  all  that  Semmler  has 
evidently  never  had  even  approximately  ptune  omhellalone  in  his 
possession.  Forthermore,  if  nmhellulone  is  represented  hy  the  formula 
which  I  have  proposed,  it  is  not  analogous  to  Semmler's  oetanone,  since 
the  latter,  having  the  hridge  in  the  para-position,  can  be  represented 
only  as  a  eyobhezane  oomponnd  with  a  bridge  of  two  carbon  atoms, 
whilst  the  former  contains  a  meia-bridge,  and  can,  with  equal  correct- 
ness be  represented  as  a  eyefohexane  compound  with  a  bridge  of  two 
carbon  atoms,  or  as  a  cj^e/oheptane  derivative  with  a  bridge  of  one 
carbon  atom.  lastly,  experimental  proof  of  the  correctness  of  the 
foimala  assigned  by  Semmler  to  his  bicjfcM :  2 : 2-octanoiie  "  appears 
to  be  lacking. 

Semmler  then  proceeds  to  prepare  the  material  which  I  had 
designated  '*  /?-dihjdroumbelIulono,"  from  which  he  forms  a  hydroxy- 
methylene  and  a  benzylidene  derivative,  and,  by  oxidation  of  the 
latter,  obtains  <i-homotanacetonedicarboxyiic  acid.  This  series  of 
changes  he  represents  as  follows  : 

Umbel  lulonc.  /3-  Dihyilrouiuballulone. 

CH,v  .00  C:CH-C„H. 

yoU'C^  ,  >cfl-cHj 

Benzylidene  derivative. 

CH^  /COjH  OOjHv 

y01l'C(   >CH-OH- 

CH/  \CH,  CH^ 

Homotanacetonedicarboxylic  acid. 

From  these  resalts,  Semmler  is  led  to  the  conclusion  that  umbellu- 
lone  is  an  unsaturated  "  tanacetone  of  the  menthone  series,"  in  whicli 
the  doable  lioking  is  adjacent  to  the  ketomc  group.  Umbellalario 
arid  would  consequently  be  l-wopropyle^e^bpropane-l :  2-dicarboxylic 
arid,  bnt^  as  I  have  pointed  oat  abovet  its  properties  are  not  in 
acoocdance  with  this  view. 

With  the  exception  of  Semmler^s  renmrk  concerning  the  physical 
propertiee  of  nmbellolone^  which  has  already  been  dealt  with,  his 
oonelnsions  re^jacding  the  oonstitation  of  this  ketone  are  based 
entirely  on  experiments  condoeted  with  <*)3-dihydroambellalone"  and 
its  derivativep.  It  is  of  paramount  importance  therefore  to  inquire 
into  the  nsture  of  the  preparation  wldch,  in  my  first  paper  on 
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iimbellulone,  I  had  designated  as  ** /5-dihydroumbellulone."  In  the 
first  place,  however,  consideration  may  be  given  to  the  character  of  the 
**  umbellulone  "  employed  by  Semmler. 

The  material  available  to  Semmler  for  the  purpose  of  his  investigation 
of  umbellulone  consisted  of  100  grams  of  the  essential  oil  of  Umbdlularia 
CcUi/oniica  which  had  been  supplied  to  him,  at  his  request,  by  Dr. 
Power.  This  oil  was  a  portion  of  the  identical  material  which  had 
been  used  in  my  work  on  umbellulone.  It  is  stated  by  Semmler  that 
the  umbellulone  oan  be  separated  from  this  oil  by  fractiooal  distilla- 
tion, but  this  is  not  strictly  correct,  as  by  this  means  it  is  impossible 
to  obtain  the  pure  ketone.  Power  and  Lees  (loc.  ciL),  by  a  very 
careful  and  prolonged  fractionation  of  1200  grams  of  the  oil,  obtained 
a  fnustion  boiling  at  217—222^  (a^  -  36^33'  in  a  1-dcm.  tube)  which 
gave,  on  analysis,  Cs78'9;  H  =  9-9.  On  subjecting  this  to  farther 
fractionatioD,  a  portion  was  obtained  which  boiled  constantly  at  218*^, 
and,  on  analysis,  gave  C«=79*l;  H  =  9-8.  Since  Cj^Hj^O  requires 
O»80-0;  H«9*3,  and  C|oHieO  leqoiree  G-78-9;  H-10'5,  these 
fraeiions  were  evidently  mixtures.  Moreover,  on  treating  the  ftaefeian, 
b.  p.  217 — ^222^,  with  8emioarbaiide»  it  gave^  at  the  most,  only  65  per 
cent,  of  the  theoretical  yield  of  semioarbasidodihydroumbeUolone- 
semicarbaaone.  That  this  deficiency  is  not  due  solely  to  the  inoom* 
plete  intsraction  of  the  ketone  and  the  baae,  is  seen  from  the  faet  that 
a  very  much  better  yield  of  the  semicarbasido^erivative  may  be 
obtained  by  employing  pure,  regenerated  nmbellnlone.  Vmbellttlone, 
when  regenerated  from  its  semioarbaadosemicarbasonei  baa  od  -  37® 
in  a  l*dcm.  tube,  and  gave  Ca79'7;  Ha 9*3  (CiqUj^O  requires 
O»80*0;  H«9*8  per  cent.).  Since  the  product  which  Semmler 
regarded  as  umbellulone  had  an  -  31^30'  in  a  1-dcm.  tube,  it  was 
evidently  still  more  impure  than  the  fraction  (b.  p.  217 — 222°, 
an  -  36**  33')  obtained  by  Power  and  Lees,  w  hich,  as  shown  above,  and 
as  recognised  by  them,  was  a  mixture  of  substances. 

It  was  therefore  with  consideration  of  the  uncertainty  regarding  the 
composition  of  the  fraction  of  the  essential  oil  of  (J.  CaUfornica  which 
contains  umbellulone  that  my  inferences  concerning  the  constitution 
of  the  latter  were  based  only  on  the  products  obtained  from  the  pure, 
regenerated  ketone. 

The  "umbellulone"  which  was  submitted  to  the  action  of  sodium 
and  alcohol,  both  in  my  experiments  and  in  those  conducted  by 
Semmler,  was  only  a  particular  fraction  of  the  essential  oil.  As 
pointed  out  above,  this  material  is  not  pure  umbellulone,  but  gives 
results  on  analysis  which  are  approximately  the  mean  of  those  which 
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wouM  be  obtained  for  snbstaiieei  pOBSomipg  tbe  tocmvUm  O^ffi^fi  and 
CjoH^jO  respectively. 

Seduction  of  UmbeUfUom." — In  an  unpublished  experiment  con- 
dnded  bj  Mr.  Leee,  h%  vedaoed  36  grams  cf  tha  ombeUolone  f raefeion 
(b.  p.  817 — by  means  off  sodiom  and  alefaoboL  Some  resinifica- 
tion  enanedy  and  onlj  16  grams  off  Tolatile  prodnet  were  obtained. 
This  mataria],  whioh  dis^lled  almost  entirely  at  134--136770  mm., 
and  behaved  towards  bromine  as  an  unsaturated  eubetanoe,  was 
eonyerted  into  the  aeetato.  The  latter  was  iraetionally  distilled,  and 
the  most  oonstant-boiliog  portion  (11  grams),  which  passed  over  at 
144 — 146^/70  mm.,  separately  collected.    This  was  analysed  : 

0-U80  gave  0  4004  CO^  and  0  1344  H2O.    C  =  73-8  ;  H  =  lO'l. 
CioHij-O-CO-CHg  requires  C  =  74-2  ;  H=  9  3  per  cent. 
C,,H,7-0-CO-CH3      „      C  =  75-5;  H  =  10-2 

This  acetate  of  constant  boiling  point  was  hydrolysod,  and  the 
resulting  alcoholic  product  fractionally  distilled,  when  the  greater 
portion  passed  over  between  207°  and  212°.    This  product^  when 
dissolved  in  chloroform,  readily  decolorised  a  solution  of  bromine  in 
the  asme  solvent   It  was  analysed  with  the  following  result : 
0*0749  gave  0-2146  00,  and  0-0784  H,0.   0-.78-2 ;  11*6. 
OioHj^O  requires  0  «  78*9 ;  H  » 10*6  per  cent. 
CjoHigO      „     C-77-9;  H-11-7  ^ 

My  own  experiments  on  the  reduction  of  uuibellulone,  which  were 
not  given  in  full  in  the  previous  communications  {loc.  cit.),  resulted  as 
follows:   25  grams  of  the  umbellulone  fraction  (b.  p.  215 — 225°; 

-34 '4')  gave,  on  reduction,  17  grams  of  an  unsaturated,  alcoholic 
product.    This  was  therefore  again  submitted  to  the  action  of  sodium 
arid  alcohol,  but  was  recovered  apparently  unchanged  and  was  still 
unsaturated,  no  loss  by  resinification  occurring  during  the  second 
treatment.    The  product  was  then  fractionated,  when  the  greater  part 
passed  over  at  132—134770  mm.,  or  at  208—210^  under  the  ordinary 
pressure.    This  material  bad  the  following  constants :  d  20°/20'^  « 
0-9307  i  tto  -  37<^2'  in  a  1-dom.  tuhe.   On  analysis : 
"  0*0947  gave  0*2722  00,  and  0  0988  H^O.  0  -  78*4 ;  H  - 11-6. 
0|oH,«0  xequires  0«-78*9  H-10-6  per  cent 
C,,H,30      „     0-77*95  H- 11-7 

Thi«  analysis  entirely  confirms  the  results  obtained  by  Leos,  and 
the  only  conclusion  that  can  be  drawn  is  that  the  product  of  the 
action  of  sodium  and  alcohol  on  the  umbellulone  fraction  is  a  mixture 
of  alcohols  po8ses,sing  the  formulae  CjoHj^O  and  CiqHjgO  respectively. 
The  result  is,  in  fact,  such  as  might  be  expected,  for  the  material 
which  was  reduced  appeared  to  be  a  mixture  oi'  ketones  possessing 
the  formula  Cj^Hi^O  and  Cj^Uj^O  respectively. 
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Bioce  the  dihydronmbellulol "  described  by  Semmler  was  prepared 
in  the  above  manner,  and  from  a  portion  of  the  identical  oil  employed 
by  me,  it  would  naturally  be  expected  to  consist  of  a  similar  mixture. 
It  is  stated  to  have  had  the  following  constants:  d  20°  =  0*931  ; 
a©  —  27°30'  in  a  1-dcm.  tube,  and,  on  analysis),  gave  C  =  77*37; 
H  =  11*22  per  cent.  These  figures  for  the  density  and  rotation  are 
practically  identical  with  those  found  by  me,  as  given  above,  but  the 
analysis  cannot  be  said  to  agree  with  any  formula.  It  is  evident, 
however,  that  Semmlor's  preparation  must  have  been  essentially  the 
same  as  that  obtained  by  Mr.  Lees  and  by  llio  present  autlior. 

Oxidation  of  the  Reduction-product. — Fifteen  grams  of  the  above- 
dflfioribed  mixture  of  alcohols  (see  Trans.,  1906,  89,  11  IS)  gave,  on 
oxidation  with  a  chromic  acid  mixture,  6  grams  of  a  product,  boiling 
ftt  204 — 209°,  which  was  designated  **  ^dihydroumbellulone."  This 
material,  when  dissolved  in  chloroform,  readily  decolorised  a  solation 
of  bromine  in  the  same  solvent,  and,  on  analysis,  gave  results  in 
agreement  with  thoee  required  for  the  formula  Oyfi^fi,  This  was 
confirmed  hy  analysis  of  the  semicarbaione.  Since  6  grams  of  a 
ketonic  product,  Ci^Hi^O,  had  been  obtained  by  oxidising  15  grams  of 
a  miztnxe  of  unsaturated  alcohols,  OiJ&^fi  and  O^fi^fif  it  was  stated 
that  the  formirr  alcohol  must  have  been  destroyed. 

•The  semicarbasone  of  this  '*/3-dihydroumbellulone"  was  prepared, 
and  was  first  obtained  in  a  viscous  condition,  but  after  standing  for 
some  time  it  became  solid.  It  was  then  dissolved  in  alcohol  and 
allowed  to  cfystallise,  when  a  product  melting  at  150^  was  obtained. 
On  recrystallisation  from  a  mixture  of  ethyl  acetate  and  light 
petroleum,  the  melting  point  of  this  product  was  raised  to  165 — 156^. 
This  material  has  now  been  fractionally  crystallised  from  ethyl 
acetate,  when  the  melting  point  of  the  most  sparingly  soluble  fraction 
gradually  rose,  and  eventually  about  30  per  cent,  of  the  product  was 
obtained  in  well-deiined  needles,  which  were  sparingly  soluble  in  ethyl 
acetate,  and  melted  sharply  at  204°.  The  ketone  regenerated  from 
this  semicarbazone  (m.  p.  204°)  behaved  towards  bromine  as  a 
saturated  compound,  and  is  doubtless  the  substance  which  gave  rise  to 
Semmler's  benzylidene  derivative.  The  more  readily  soluble  portions 
of  the  seiiiiearbazoue,  which  formed  the  greater  part  of  the  material, 
gave  a  ketone  which,  when  dissolved  in  chloroform,  instantly 
decolorised  a  solution  of  bromine  in  the  same  solvent. 

The  name/* /3-dihydroumbellulone  "  ought  therefore  to  be  discarded, 
since  the  preparation  is  a  mixture. 

The  "^-dihydroumbellulone*'  prepared  by  Semmler  had  the  same 
chaiacters  as  the  liquid  which  I  had  described  under  that  name,  but 
he  failed  to  observe  that  the  prqiaiation  is  a  mixture,  consisting,  to  a 
considerable  extent,  of  an  unsaturated  substance.   The  semicarbazone 
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obtained  bj  him  melted  at  150°,  and  was  evidently  the  aboye-described 

mixture. 

The  foregoing  results  may  be  summarised  as  follows : 

The   umbellulone  obtained  by  the  fractional  distillation  of  the 

eesential  oil  of  Califomian  laarel  is  not  the  pure  ketone,  O^^^fi,  but, 

on  analysis,  gives  results  agreeing  with  those  yielded  by  a*miztiite  of 

Bubstanees,  Cj^jHi^O  and  CjoHjgO. 
WheD  this  umbellalone  Inustion  is  redaced,  it  gives  about  70  per 

osnt^  of  its  wttght  of  an  unsatorated  mixture  of  alcohols,  OiqHj^O  and 

On  oxidising  this  mixture  of  alcohols,  the  former  one  is  readily 
destroyed  by  the  excess  of  the  oxidising  agent,  and  less  than  a  60  psr 
cent,  yield  of  a  ketonie  product  (*</3-dihydroambellulone''),  Cj^H^^O 
isohtaiiied. 

The  explanation  of  this  appears  to  be  that  the  originsl  fraction  of 
the  oil  is  a  mixture  of  ketones,  C^^lSi^fi  and  O^oHj^O,  which,  on 
reduction,  yields  the  corresponding  alcohols,  that  is,  umbellulol  and 

a  product,  Cj^jH^^'OH.  This  conclusion  is  in  afjreoiiient  with  the 
unsaturated  character  of  the  material.  On  treating  this  mixture 
with  chromic  acid,  the  umbellulol  is  broken  down,  and  "  /3-dihydro- 
umbellulone "  is  obtained  from  the  product,  CjoHj^'OH,  from  which 
consideration  it  appears  highly  probable  that  "  ^-dihydroumbellulone  " 
is  not  a  derivative  of  the  ketone  from  which  it  was  named.*  Finally, 
this  ^-dihydroumbollulone "  is  a  luixturo  of  at  least  two  ketones, 
one  of  which  is  saturated,  and  one  unsaturated. 

It  was  from  a  constituent  of  this  mixture  of  unknown  origin  that 
Semmler  prepared  homotanacetonedicarbozylio  acid,  and  such  is  the 
foundation  upon  which  he  has  based  his  concIusionB  respecting  the 
constitution  of  umbellulone. 

Apart  from  the  above  considerations,  Semmler  represents  *'^-di- 
hydroumbellulone "  as  umbellulone  in  which  the  double  Unking  has 
been  reduced.  This  view,  however,  could  not  possibly  be  correct^ 
evsn  if  ^'^Mihydronmbellulono "  were  a  definite  derivative  of  nm* 
hellolcmeb  since  o-dihydronmhellulone  (m.  p.  of  semicarbazone  177^, 
a  eomponnd  which  Is  certainly  a  pnre^  saturated  derivative  of 
umbeilnloQe,  most  be  represented  in  this  manner.  a-Dihydro- 
umbellulone  is  not  only  formed  by  the  reduction  of  monohromo- 
mnbelliilone  (Lees,  Trans.,  1904,  85,  639),  but  can  slso  he  obtained 
by  the  reduction,  with  sine  dost  and  acetic  acid,  of  umbellulone 
dihromide,  the  initial  product  of  the  interaction  of  bromine  and 
umbellulone  at  0°. 

•  With  the  C'XC'ei>tion  of  "  ^-dihydiouiiilx.llulouc,"  all  compoULiliJ  debciilK'l  l>y 
?i!w<?j  au'l  Lt^e>,  1)y  Lees,  or  niysolf  as  derivatives  of  uuibellulone  have  be«ii  proved 
to  be  duriveU  liom  this  kctoue. 
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Lastly,  the  experimental  facts  recorded  in  my  two  previous  com- 
munications on  umbellulone  prove  conclusively  that  this  ketone  can 
only  be  represented  either  by  the  formula  which  I  believe  to  be 
correct  (I),  and  which  is  in  harmony  with  the  properties  of  umbellu- 
laric  aoidy  or  by  the  one  preferred  by  Semmler  (II) : 


OH,  CH  00  ^„ 

[)H,-CHB4e  * 


00-CH, 


I  *NcH-cZ  ^  V*OH,. 

CH/  \OH,-CH/ 


CH  CMe- 

(I.)  '  (11.) 

If  the  latter  formula  were  correct,  it  would  certainly  appear  that 
tetrahydroumbeUttloue  must  be  menthone*  but  this  is  not  tb»  case,  as 
the  former  product,  which  is  not  an  Individual  substance  but  probably 
consists  of  steieoisomsrideB,  boils  at  197—199*,  and  Is  totally  devoid 
of  mint-like  odour.  « 

It  is  seen  therefore  that  the  conclusions  so  hastily  drawn  by 
Semmler,  from  his  experiments  with  a  small  quantity  of  impure 
umbellulone,  are  absolutely  devoid  of  value,  in  so  far  as  the  constitution 
of  this  ketone  is  concerned.  At  the  most,  they  may  serve  to  indicato 
the  nature  of  a  ketone  other  than  umbellulone  which  occurs  In 
Umbellularia  oil,  or,  in  other  words,  the  crude  umbellulone  may  contain 
^-tanacctone  or  a  "  tanacetone  of  the  menbhone  series." 

Tax  Wslloomb  CnEMTOAt  Resbaboh  Labobatobiis, 

London,  B.C. 


XXIV.— Fofenc//. 

By  John  Albbrt  Nbwton  Fusnd,  Ph.D. 

That  atoms^  as  distinct  from  groups,  are  capable  of  entering  into 
chemical  combination  with  one  another,  was  first  realised  by  FranUand 
in  1862.  Simultaneously,  in  1858,  Couper  and  Kekul^  extended  this 
view,  and  laid  the  foundation  of  our  present  theory  of  valency. 

No  theory  can  be  regarded  as  complete,  however,  which  does  not 
explain  the  following  phenomena. 

I. — The  Valency  of  mast  EUnveiUs  Apparently  Variea, 

KekuU  believed  that  valency  was  constant.  Thorpe's  discovery  of 
phosphorus  pentafluoride  {Awnaki^  1876,  182,  201^  in  which  phos- 
phorus is  quinquevalent,  whereas  In  hydrogen  phosphide  it  Is  tervalent, 
showed  that  this  assumption  was  untenable.   It  was  argued,  however. 
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that  in  the  latter  compound  the  two  tmnsed  valencies  saturated  eaoh 
otber.  The  fact  that  in  ferrous  chloride  (FeOlj)  there  is  only  one 
unsaiomted  valence  was  oxplained  hj  doubling  the  formula.  The 
discovery  of  Nilson  and  Pettenon  (Mffdk  ph^tikeU.  Ohmn.,  1888»  9^ 
669),  that  the  three  chlorides  ol  indimn  oen  esdst  in  ihegaeeoiiB  state, 
namely,  Ind,  InCfl^  and  InOl^,  apparenU/  proves,  however,  that 
yalenoj  is  not  conBtant^ 

lL'^£ketropo$iUv$  £lmmU  ReadUy  Combiim  wih  SUt^rmmgaHim  fa 

/pm  lAs  men  StaiiU  CompovrndM* 

This  has  led  several  chemists  to  suggest  electrochemical  theories  of 
valency.  In  1899,  Abegg  and  Bodlander  (ZeiUch.  anorg.  Cheni.,  1899, 
20,  453)  discussed  one  such  in  full,  but  it  presented  several  difllculties 
and  has  not  been  generally  accepted. 

S^mudmi  amd  with  ather  MkamU  if  lili  some        lo  iWst 

This  is  difficult  to  explain  if  a  purely  electrochemical  theory  of 
valency  is  accepted.  On  the  other  hand,  if  valency  is  regarded  merely 
as  an  attractive  force  existing  between  any  two  atoms,  no  explanation 
is  forthcoming  for  the  fact  that  elements  of  opposite  sign  combine 
with  great  readiness,  whereas  it  has  not  been  found  possible  to  prepare 
oompoonds  of  fluorine  and  oxygen  or  flaorine  and  chlorine. 

W,-^MoUcuU9  can  Combine  with  other  MoleouUi  to  Form  Highly 

/Stable  CompUwM. 

Under  this  heading  are  classified  the  well-known  doable  salts  and 
eompoonds  containing  water  of  crystallisation,  Ac 

They  were  explained  in  an  unsatisfactory  manner  by  assnming  the 
existence  of  an  indefinite  residnal  valency.  Abegg  (ZtiUeL  anorg* 
Ckmn.,  1904,  39,  331)  has  given  expression  to  the  view  that  associ- 
ated molecules  and  molecular  compounds  are  due  to  the  unsaturated 
valencies  of  the  atoms  composing  the  molecules.  But  according  to  the 
generally  accepted  views  on  valency,  the  atoms  in  the  molecules  CuSO^ 
and  HjO  are  saturated,  nevertheless,  the  molecule  CuSO^,5H20  is 
exceedingly  stable.  The  ammino-compounds  of  platinum  and  the  allied 
metals,  owing  to  their  great  complexity,  offered  unusual  difficulty  in  the 
assignment  of  suitable  structural  formiil{«.  By  a  very  ingenious  theory, 
Werner  has  been  able  to  divide  tlieso  complexes  into  well-defined 
groups,  and  to  give  them  suitable  lormulie.    When,  however,  his 
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theory  is  ap])]ie<I  to  such  Rimple  compounds  as  ammoaium  chloride,  it 
is  found  to  bo  unsatisfactory. 

In  order  to  meet  these  and  other  difficulties,  the  author  distin- 
gubhes  three  kinds  of  valency,  namely^  free  positive^  free  negative, 
and  residual  or  latent  valency. 

Since  hydrogen  is  electropositive  and  univalent,  only  those  elements 
which  possess  a  negative  valence  can  combine  with  it.  It  is  an  inter- 
esting observation  that  no  duly  authenticated  compounds  are  on 
record  containing  hydrogen  attached  to  one  atom  of  the  same  element 
in  two  or  more  proportions.  Thus,  whilst  hydrogen  phosphide  and 
methane  are  easily  prepared,  the  radicles  phosphoniiun  and  methyl 
have  resisted  all  attempts  at  isolation.  Experiment  seems  to  indicate 
that  ammoninm  can  exist  as  an  amalgam  with  mercury,  but  it  is  not 
possible  to  prepare  it  in  the  free  state  (Bich  and  Travers,  Trans., 
1906k  89,  872).  As  a  general  role,  therefore,  hydrides  may  be  re- 
garded as  trustworthy  guides  to  the  numerical  value  of  the  free 
negative  valencies  of  the  elements.  (Sioeptions  to  this  rule  are 
considered  later.) 

2,— Free  J^otUive  Veileni^. 

In  addition  to  negative,  some  elements  possess  positive  valency, 
and  may  be  termed  amphoteric  (Abegg,  toe.  mL,  340).  Others 
apparently  possess  only  positive  or  only  negative. 

The  numerical  value  of  the  positive  valency  is  not  so  easily  deter- 
mined as  that  of  the  negative,  since  we  have  no  negative  element 
corresponding  with  hydrogen,  which  combines  with  one  atom  of  any 
other  element  in  only  one  proportion.  Abegg  adopts  the  soggestum 
of  MendelM  (Ostwald's  Klaseikert  68,  48),  and  assumes  that  the 
highest  oxygen  compounds,  omitting  peroxides,  give  the  maximal 
valency  of  the  elements.  Not  only  is  this  method  somewhat  uncer- 
tain owing  to  the  bivalent  nature  of  oxygen,  but  it  is  inconsistent.  The 
valency  of  manganese,  for  example,  is  decided  by  a  much  higher  and 
more  unstable  oxide  (MnoO,)  than  the  peroxide. 

The  autlior  suggests  that  fluorine  is  the  most  suitable  element  for 
determining  the  maximal  positive  valency  of  the  elements.  Martin 
(Chem.  News,  1901,  89,  49)  has  already  drawn  attention  to  the 
similarity  of  oxygen  and  fluorine,  and  the  latter  element  posfjessos  the 
decided  advantage  of  bein*?  univalent.  (The  fact  that  at  lower 
toinpei  atures  the  hydride,  ,  has  the  double  formula,  will  be  alluded 
to  later.) 

Chlorine,  fluorine,  and  oxygen  are  the  only  elements  which  possess 
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free  negative,  but  no  free  positive  valencies.  Metals  apparently 
posses  free  positive  valency  alone.  A  list  of  all  the  amplioteric 
elements,  together  with  their  duorides  and  hydrides,  is  given  in  the 
adjoiniDg  table.  The  fact  that  in  nearly  every  caae  ihe  sum  of  the 
free  valencies  is  eight  is  very  remarkable.  Some  chemists  have 
assumed  that  every  element  possesses  eight  valencies  (Ahegg,  loo.  cit. ; 
Morozoff,  /.  Ruse,  Phys.  Chetn.  Soc,  1906,  38,  ii,  481).  The 
assumption  is  not  borne  oat,  however,  in  the  case  of  the  inert  gases 
and  the  alkali  metals.  Although  no  fluoride  of  nitrogen  has  as  yet 
been  isolated,  this  element  is  regarded  as  amphoteric,  for  reasons  which 
appear  in  the  sequel. 


Element. 
Antimony... 


Free  n^tbi 

1 

FieepontiTe 
Yalency. 

Total  free 

Hydride* 

▼alencj. 

Fluoride. 

valency. 

SbU, 

& 

SbF,« 

6 

8 

AiH. 

8 

AsFJ 
BPj 

6 

8 

BH, 

BrH 

3 

S 

8 

1 

BrF/ 

CF/ 

IFJ 

8 

4 

CH4 

4 

4 

8 

IH 

1 

5 

8 

NH, 

8 

KOF" 

8 

8 

PH, 

8 

Vi\^ 

8 

8 

S«H. 

2 

SiF  »a 

8 

8 

SiH« 

4 

4 

8 

SHa 

2 

8 

8 

TeHj 

2 

6 

8 

Boron  ......... 

Bromine  ...... 

Carboa  

Iodine   

Nitroeen   

PhospAoros  ... 
Selenium   

Silicon  

Sulphur   

Tellurium  

*  Contrast  Abegg  {loc.  cU.,  340).       *  Kuff  and  Plato  {Her,,  1904,  21,  873). 
»  Ruff  and  Graf  {Ber.,  1906,  39,  67). 

*  Gay  Lussac  and  Thonard  (Ann.  Chiim,  Pkjft,,  1809,  69t  204). 
»  Prideaux,  (Proc,  1905,  21,  240). 

*  Moissan  {Campi.  rend.,  1890,  110,  276,  961). 

T  Gore  (Ohtm.  Ifetm,  1871,  24.  291).  *  Thorpe  (loc.  cU.). 

*  I'ndfHUx  {Trana.,  1906,  89,  316). 

Moi>8an  and  Lobeau  {Coinpt.  rend.,  1900,  180,  865). 
"  Hull  and  Staaber  (^eilsch.  anorg,  Chetn.,  1905,  47,  190). 
»  <H7UiMMandThenud(QUbert's.^mHilas  1809,  a2i  1). 

By  residual  or  latent  valency  the  autbor  understands  positive  aud 
negative  valencies,  which  differ  from  tho  ttbove  mentioned  free 
valencies  in  that  thet/  can  only  called  out  in  pairs  of  equal  and 
opposite  sign.  They  do  not  differ  iu  their  chemical  nature,  however, 
afi  will  be  sbown  in  the  sequel. 

Since  positive  valencies  cannot  unite  with  positive,  or  negative  with 
negative,  it  is  necessary  to  assume  the  existence  of  this  latent  valency 
to  explain  the  formation  of  diatomic  or  polyatomic  molecules  either  of 
the  same  element  or  uf  different  elements  of  the  same  sign. 

Thus  the  molecules  of  itydrogeu  and  oxygen  are  represented  by  the 
achemes: 

— *Ht~;H+—  z::otzzi;o:z 
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In  ovder  to  distinguish  bctweea  tlM  fne  a&d  Ifttmt  yaleadii,  it  it 
gnggeated  that  the  lomer  be  zepraeeDted  by  thicker  lines,  ee  above.  It 
is  easumed  that  the  latent  valenciea,  when  not  in  aetnal  nee,  saturate 
themselTes,  whereas  the  free  valendee  in  aimihtf  oircumstancss  remain 
unsaturated. 

It  is  not  necessary  for  all  the  free  valencies  to  be  s^itu rated  before 
the  latent  valencies  are  called  out.  Thus,  in  a  molecule  of  hydrogen 
uo  free  valencies  are  saturatedi  and  in  bydrozylamiue, 

two  negative  valencies  remain  unsaturated. 

Every  element  may  be  considered  to  possess  latent  valencies, 
although  these  differ  very  much  in  intensitj,  probably  due  to  their 
tendencj  to  saturate  themselves.  In  the  case  of  the  metals,  they 
are  too  weak  to  hold  the  atoms  together  in  the  vaporous  ioondition, 
yet  very  stable  alloys  are  formed  through  their  agency  at  low 
temperatures. 

In  the  metallic  hydrides  combination  is  presumably  effeoted  by  the 
latent  valencies,  for  example,  —KITH— and  this  aocoonts  for  their 
instability. 

The  latent  valjendes  of  hydrogen  are  so  weak  that  it  is  never  known 
tofnnctioa  as  a  hi*  or  ter>iralentelemetit  (contrast  chlorine) ;  we  might 
therefore  expect  its  molecule  to  be  easily  dissociated.  That  such  is 
not  the  ease,  however,  is  due  to  the  fact  that  the  stability  of  a  molecule 
depends,  not  merely  on  the  force  of  attraction  between  the  atoms,  but 
on  the  relation  between  that  force  and  the  weight  of  the  atoms.  This 
is  well  illustiiitcJ  by  the  lialogens.  Iodine  vapour  readily  dissociates, 
and  at  1000°,  one-third  of  the  molecules  are  monatomic,  whilst  at  1700° 
dissociation  is  complete  (V.  Meyer,  Ber.^  1880,  13,  894;  Biltz  and 
V.  Meyer,  Ber.,  1889,  22,  725).  Chlorine,  on  the  other  hand,  with  an 
atomic  weight  of  loss  than  one-third  that  of  iodine,  bhows  no  appreci- 
able dissociation  even  at  1200°  (Crafts,  Bir.,  1883,  16,  457). 

In  the  case  of  the  inert  gases,  the  latent  valency  is  so  weak  that 
the  molecules  are  monatomic  even  at  atmospheric  temperatures 
(Ramsay  and  Travers,  Proc.  Roy,  Soc,  1900,  67,  329).  It  is  just 
possible  that  if  the  densities  were  determined  at  temperatures  near 
their  boiling  points,  indications  of  association  to  diatomic  molecules 
might  be  observed. 

Trom  the  above  it  is  dear  that  the  elements  fall  into  four  groups, 
namely,  those  whieh  possess,  in  addition  to  latent  valencies : 

1.  Free  positive  valency  only— Hydrogen  and  the  metals. 

2.  Free  negative  valMicy  only — ^^uorine,  chlorine  and  oxygen. 
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3.  Free  positive  and  free  negative  valencies — Amphoteric 
elements. 

4.  No  free  valencies — The  inert  gases. 

In  order  to  illustrate  this  theory,  it  will  now  be  coa&idered  in  its 
application  to  a  few  special  cases. 

Since  no  oompoiind  of  oiygen  and  fluorine  is  capable  of  ezieienee, 
it  is  assnmed  that  neither  element  posseBses  free  poeitiTe  "valeney. 

Branner's  aesumption  that  the  activitj  of  fluorine  is  due  to  its 
molecalee  being  monatomio  (Zsitaeh.  aiwrg,  Chtm^  1894,  7»  12)  has 
been  shown  by  Moissan  {Compt.  fmd„  1904,  138,  728)  to  be  unten- 
able. The  present  author  suggests  that  lAs  aoUvity  of  fluofiM  U  dm 
lo  it$  wtwudeni  naiure^  and  cAs  mftrs  tdmmo9  of  fim  pomHm  vahney» 
This  explains  the  analogy  between  oxygen  and  fluorine  (Martin,  loe» 
eti.),  the  weaker  character  of  the  former  being  due  to  the  mutually 
repellent  action  of  its  two  free  valencies.  Mallet  has  shown  that  at 
about  30^  the  molecule  of  hydiotluoric  acid  is  double  (Chem.  News, 
1881,  44,  164),  a  rsisult  which  has  been  confirmed  by  Tiiorpe  and 
Hambly  (Trans.,  1889,  56,  163).  According  to  the  author's  notation 
the  formula  is  HtFZIF'H,  in  which  fluorine  functions  as  a  tervalent 
element. 

Chlorine, 

No  evidence  of  the  existence  of  a  compound  of  dilorine  and  fluorine 
has  been  obtained,  although  Lebeau  has  brought  these  elements  into* 
contact  at  - 182*5°  (Compi.  rmd.,  1906,  143,  425). 

C9ilorine»  thei^fore,  possesses  no  free  negativis  valency.  The  fact  that 
It  is  not  so  active  as  fluorine  may  be  ascribed  to  its  greater  atomic 
weight  j  perhaps  also  to  the  greater  activity  of  ite  latent  valencies, 
which  enable  it  to  combine  with  oxygen. 

Hypochlorous  acid  may  be  represented  by  the  formula  H— CimOlU, 
which  explains  the  ease  with  which  oxygen  is  split  o£E. 

Oxygen. 

Collie  and  Tickle  (Trans.,  1899,  76,  710),  after  a  study  of  the 
hydrochloric  acid  salt  of  dimeihylpyrone,  were  the  first  to  point  oat 
that  oxygen  oould  function  as  a  quadrivalent  element.  Since  then 
various  organic  qompounds  have  been  prepared  in  which  the  valency  of 
oxygen  is  undoubtedly  four.  They  all  consist,  however,  in  adding  two 
dimmi$  oi*  grm»p9  of  sfomsnto  io  thi»  oasygm  tn  mch  a  wa^  aa  to  iaharoM 
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a  poiUim  and  a  negative  valence  and  nsver  two  of  the  eame  kind,  for 
ezampl6>  jOc^ 

AccordiDg  to  the  author's  theory,  this  is  precisely  what  we  should 
expect,  since  on  saturating  the  two  negative  valencies  of  the  oxygen, 
only  latent  valencies  remain.  The  structural  formula  above  shows 
perfect  analogy  to  ammonium  compounds  (see  later).  The  term 
oxonium  as  applied  to  these  salts  receives,  therefore,  full  justification. 

We  have  evidence  to  show  that  water  is  associated,  although  to  what 
extent  is  not  definitely  known,  for  all  the  methods  whioh  have  been 
employed  to  determine  its  association  are  open  to  criticism  (comiMtfe 
Eamsay  and  Shields,  Zeitach.  phyeikal.  Chem.,  1893,  12,434  ;  Vernon, 
Chem,  Xew8,  1891,  64,  54,  Sic.).  If  the  molecules  are  double,  the 
formula  is  clearly  H^QllO_Hg.  If  of  a  higher  order,  the  oxygen 
atoms  are  presumably  arranged  in  a  ring.  The  association  of  phenols, 
alcohols,  and  acetic  acid  may  be  explained  in  an  analogous  manner. 

An  interesting  case  is  that  afforded  by  salphur  triozide^  which 
exhibits  a  strong  tendency  to  associate  to  double  molecules  (Oddo, 
OazzeUa,  1901,  31,  ii,  158^  whereas  sulphur  dioxide  does  not  In 
the  latter  case,  the  latent  ▼alencies  of  one  oxygen  atom  saturate  those 
of  the  other.  Hence  association  is  only  likely  to  take  place  between 
the  valencies  of  the  sulphur  atom.  This  is  rendered  the  less  probable 
since  two  podtiye  valencies  of  the  latter  are  still  unsaturated,  and 
would  tend  to  cause  a  repulsion  between  two  sulphur  atoms.  In 
sulphur  trioxide,  the  latent  valencies  of  the  third  oxygen  atom  are  not 
externally  saturated  and  association  becomes  easy.   Thus : 

Since  [yOj]^  is  sparingly  soluble  in  water,  it  would  seem  that  the 
solubility  depends  partly  on  the  oxygen  atoms.  The  author  suggest* 
that  when  (SO3)  dissolves  in  water,  an  intermediate  hydrate  is  formed, 
which  then  undergoes  j:earraugement  to  form  sulphuric  acid.    Thus  : 

The  fact  that  water  crystallises  alone  with  its  salts  is  also  to  be 
ascribed  to  the  latent  valencies  of  the  oxygen.  We  might  therefore 
expect  other  subtttances  possessing  bivalent  oxygen,  and  a  similar 
stru<'ture  to  water,  for  example,  ether  or  alcohol,  to  crystallise  out  in 
the  same  way.   This  is  well  known  to  be  the  case,  for  example^ 

OaCl,,4CH,"UH. 

Engler  and  Wild  (M§r.,  18Sf7,  30, 166S^)  oondude;,  as  the  result  of 
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many  experiments,  that  when  the  alkali  metals  are  oxidised  in  the  air 
tbere  is  a  direct  combination  of  the  metals  with  the  ozygeo  molecule^ 
%  peroxide  beiog  formed  which  slowly  leacts  with  water,  forming  hydro- 
gen peroxide  and  the  metaUio  hydroxide.  Aooording  to  the  theory  of 
▼alfliisy  under  discnflsion  this  reoetves  a  ready  explanatbn.  Gombiika- 
tion  of  the  metal  with  the  oxygen  molecule  is  not  due  to  the  breaking 
of  one  of  the  bonds  holding  the  oxygen  atoms  together,  as  the  generally 
accepted  theory  demands.  It  is  doe  to  the  onion  of  the  free  valencies 
of  one  oxygen  atom  with  those  of  the  sodiom  atoms.  Thus  : 

2Na:z+z:o=:oz:  — >  Na^zzo^oz: 

This  explains  the  ease  with  which  the  second  atom  of  oxygen  is 

split  off. 

The  assumption  that  the  whole  oxygen  molecule  takes  part  in  many 
other  cases  of  oxidation  is  strongly  supported  by  the  recent  work  of 
Manchot  (Annalen, 'ld02,  325,95)  and  Bach  {Compt.  rend.,  1897.  124, 
2,  951).  It  is  unnecessary  to  discuss  these  cases,  as  the  principle  is 
identical  throughout. 

Iftirogen, 

The  atudy  of  the  ▼alency  of  nitrogen  is  one  of  particular  interest. 
Although  it  forma  no  compound  with  fluorine  alone,  the  author  regards  it 
as  amphoteric  on  account  of  the  great  stability  of  itsoiygen  compounds. 
As  is  true  of  most  of  the  other  amphoteric  elements,  the  free  positiTe 
iraWndes  of  nitrogen  cannot  be  called  into  aclion,  when  some  or  all  of 
its  free  negative  Talendes  are  saturated,  and  vice  TCfsa.  An  exception 
to  this  rule  is  carbon. 

In  ammonia  the  free  negative  valencies  of  nitrogen  are  saturated. 
It  is  ckar  that  a  fourth  negative  valence  can  only  be  called  out  in 
am junetion  with  a  poeitive.  This  explains  why  all  attempts  to  isolate 
smmonium  have  failed  (see  p.  262).  If,  however,  the  positive  latent 
valence  can  be  saturated,  the  problem  is  solved,  for  example,  ammonium 
chloride. 

We  may  assume  that  when  ammonia  and  hydrochloric  acid  come 
into  contact,  tho  compound  HgN— CIH  is  formed,  which  undergoes 
re-arrangement  (compare  Cain's  formula,  Mem.  Manchester  PhU.  Soc,, 
1904,  48,  xiv.). 

It  does  not  follow  that  when  ammonium  cliloride  dissociates,  the 
same  hydrogen  atom  combines  again  with  the  chlorine.  Since  on 
saturation  free  and  latent  valencies  of  the  same  sign  become  identical, 
any  other  atom  of  hydrogen  ia  tlie  molecule  stands  an  equal  chance, 
and  the  valence  with  which  the  nitrogen  held  it  now  satumtes  the 
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positive  valence  and  beconie»  latent.  It  is  thus  unnecessary  to  adop^ 
the  cube  theory  of  van't  Hoff  {AnMUm  Hber  dU  mrganikke  ChmmiBf 
p.  79)  to  which  H.  0.  Jones  has  taken  exception  on  fliereoiflOiiMrio 
grounds  (Tnns.,  1903,  83, 1403 ;  1905,  87,  1721). 

It  will  be  seen  that  ammonia  and  water  are  alike  in  that  the  ttxygm 
and  nitrogen  atoms  ate  eatorated  by  hydrogen,  and  both  elementi  eaa 
combine  with  other  atoms  or  gronpe  by  means  of  their  latent  valencies 
only.  This  affords  a  simple  explanation  of  the  fact  that  ammonia  and 
water  axe  frequently  interehangeable  in  chemioal  oompoonds,  for 
example^  OaaOJSBfi  and  OnSOf^SETH,.  Further,  Brill  has  shown 
that  liquid  ammonia  is  slightly  associated  aHhongh  not  to  the  same 
extent  as  water  (Ann.  Pkynk,  1906,  [iv],  21, 170). 

It  has  ahready  been  pointed  oat  that  organic  componnds  of  bivalent 
oxygen,  for  example,  alcohols»  can,  like  water,  crystallise  with  inotganic 
sslfs.  The  same  properly  is  exhibited  hjf  atguac  derivatives  of  ter- 
valent  nitrogen.  For  example,  a  large  nomber  of  salts  has  been  pre- 
pared bylang  {Ber.,  1888,  21,  1678)  Pinonssohn  {JgeU»k  mwrg, 
Chsm.t  1897,  14,  379),  and  others,  containing  pyridine  of  crystallisa- 
tion. A  most  remarkable  example  is  that  aSorUed  by  cuprous 
chlorido. 

\u  the  presence  of  water  this  salt  can  absorb  oai  bon  monoxide,  but 
not  when  peifoctly  dry.  Lang  found,  however,  that  its  solution  in 
pyridine  absorbs  this  gas  with  ease.  Manchot  and  Friend  *  have  since 
shown  that  not  only  may  pyridine  be  replaced  by  other  derivatives  of 
tervalent  nitrogen,  for  example,  aniline,  o-toluidine,  and  piperidiue,  but 
that  the  amount  of  rarlx^n  monoxide  absorbed  per  molecule  of  cuprous 
chloride  is  identical  in  each  case  with  that  absorbed  in  the  presence  of 
water.  According  to  the  usual  theory  of  valency  this  remarkable 
analogy  cannot  be  satisfactorily  explained. 

Since  ammonia  ga^  dissolves  in  water  with  evolution  of  a  consider- 
able amount  of  lie^it,  it  is  generally  assumed  that  ammonium  hydr- 
oxide is  the  chief  product,  despite  the  comparatively  poor  condootivity. 
Since  such  a  solution  always  has  a  strong  odour  of  ammonia,  the 
author  suggests  that  on  mixing  ammonia  and  water,  a  hydrate  is  first 
formed,  as  in  the  case  of  sulphur  trioxide  (see  p.  266),  and  that  only 
part  of  this  undergoes  rearrsngement  to  form  the  isomeric  ammonium 
hydroxide.  In  the  solution  we  have,  therefore,  equilibrium  between 
these  two  substances  and  limmontum  ioitfs.   Thus : 

H^N^OZIHg^NH.OH^NH/  +  OH'. 

That  the  negative  latent  valence  does  not  differ  in  chessical  nature 
from  the  free  negative  valencies  may  be  deduced  from  the  work  of 
Victor  Meyer.     This  investigator  showed  that  dimethykUethyl- 

y  *  ^fMofofi,  1906  [in  the  pre^j. 
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Mmnonnim  iodide  prepared  from  dimethylamine  and  ethyl  iodide,  was 
Identioal  witli  that  produced  from  dietbjlainine  and  methyl  iodideu  In 
tattar  cast,  wlisva  dtsMkylamine  is  employad,  both  the  ethyl  groups 
aie  attaehfld  faj  free  megatiYe  valeneiesio  the  nttrogen.  Hsnoe  one  of 
the  methyl  groups  in  the  final  prodaot  most  be  attached  by  a  latent 
nsgative  valence.  In  the  second  csse^  howeyer,  it  is  eqoally  dear  that 
a  mdthyl  groap  most  be  attached  in  the  same  way.  Hence  it  foUowa 
that  the  free  and  the  latent  nsgatiTC  Talencies  of  nitrogen  do  not  differ 
in  quality.  Other  experiments  lead  to  similar  conclusions  with  regard 
to  tlie  valencies  of  sidphur  io  the  snlphonium  compounds.  It  may 
thcvefore  be  assumed  that  in  all  casesi  lat»iU  mndfrn  vaUnoin  pomu 
lAs  sflsvs  cAssMCfl^  ivstfiiinfa 

Carbon, 

As  might  be  expected  from  its  position  in  the  periodic  classification, 

carbon  functions  largely  as  a  neutral  element.  Itg  total  free  valency 
is  8,  but  no  compound  is  known  in  which  more  than  four  of  these 
valencies  are  used  at  once.  Apparently  it  is  immaterial  which  valencies 
are  called  out.  They  may  be  all  positive  (CF4),  all  negative  (CH^),  or 
a  mixture  of  positive  and  negative  in  any  of  the  thrue  possible  propor< 
tiona  (CHClj,  CH^Cl,  CH3CI).  Carbon  is  therefore  a  perfect  example 
of  an  amphoteric  element. 

No  compounds  are  known  in  which  carbon  functions  as  a  univalent 
element,  and  we  have  no  proof  that  it  is  ever  truly  bivalent.  Carbon 
monoxide  may  be  explained  on  the  assumption  that  the  two  free 
valencies  of  the  oxygen,  together  with  two  latent  valencies,  saturate 
the  four  free  valencies  of  the  carbon  atom.  A  similar  explanation 
holds  in  the  case  of  hydrocyanic  acid  and  fnlminic  acid  (compare  Nef, 
J.  Amer.  Chem.  Soc.^  1904,  26,1549).  Gomberg's  discovery  of  tri- 
phenylmethyl  {Bmr.,  1900,  33,  3160)  seems  to  indicate  that  carbon  can 
f vnctioa  as  a  tsnralent  element. 

Werner's  Theory, 

It  will  be  at  once  apparent  that  the  author's  free  ▼alencies  corre- 
spond to  the  principal  Taleneies  of  Werner,  and  the  latent  yalencics  to 
the  audUary.  The  last  two,  however,  are  very  dissimilar  in  properties. 

According  to  Wemer^s  thecvy,  elements  or  groups  attached  by 
auzillsiy  nJendes  ate  not  capable  of  dissociation  {Nemn  AntiAmiiiingen 
mif  4m  <7sUefi  d»  AwfrgwiMkm  ChemAe,  Werner,  1905,  p.  69). 

Thus  in  ammonium  chloride  [NH|*H*]01  one  hydrogen  differs  from 
the  others  in  being  attached  to  the  nitrogen  atom  by  an  auxiliary 
▼alence  whereas  no  such  ^fference  in  reality  exists.  Acoording  to  the 
present  author's  theory,  however,  there  is  no  such  distinction  between 
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ibe  valdDoieSy  and  elements  attached  by  latent  bonds  are  as  easily 
dissooiable  as  when  attached  by  free. 

In  a  future  paper  the  author  hopes  to  discura  more  in  detail  the 
bearing  of  his  theory  on  that  of  Werner  and  on  the  aonnoniiim  com* 
pounds. 

In  eonclusioDy  he  has  great  pleasure  in  thanking  Mr.  W.  SL  8L 
Ttoier,  M.Sa»  for  many  usef ol  oritidsms  and  snggestions. 


XXV. — The  OxidcUion  of  AromcUic  Hydrazines  .  by 
MetaUio  Oxides,  Permanganates,  and  Qvromates, 

By  Fabdsrxck  Daniel  Ohattawat. 

Trs  extraordinary  ease  with  which  aromatic  hydraaines  are  destroyed 
by  oxidising  agents  has  been  referred  to  by  most  ohemists  who  have 
worked  on  them,*  and  diasoninm  salts  have  been  nnirersally  regarded 
as  the  primary  produets  of  their  oxidation. 

The  behanoor  of  these  substaness  when  oxidised  by  frse  oxygen  in 
alkaline  solution  (Chattaway,  Trans.,  1907,  91,  1323)  having  made 
this  generally  accepted  view  seem  improbable,  a  number  of  experi- 
ments have  been  carried  out  on  their  oxidation  in  presence  of  alkalis 
by  various  metallic  oxides  and  highly  oxygenated  salts.  The  results 
may  be  stated  in  general  terms  as  follows. 

Primary  aromatic  hydrazines  are  readily  attacked  by  most  sub- 
stances capable  of  giving  up  oxygen  at  all  easily,  the  products  being 
in  the  main  the  same  as  wheu  free  oxy^HD  is  used. 

The  action  which  thkes  place  to  a  (iredominating  extent  causes  the 
liberation  of  nitrogen  aud  the  replacement  of  the  hydrazino-group  by 
hydrogen.  This  main  action  is  generally  accompanied  by  secondary 
ones,  which  take  place  to  a  comparatively  very  small,  but  varying, 
extent ;  hydrocarbons  of  the  diphenyl  group  containing  two  of  the 
aromatic  residues  linked  together  are  produced,  a  little  tarry  matter 
is  frequently  formed,  and  sometimes,  in  still  smaller  quantity,  simple 
azo-derivatives,  as,  for  example,  azobeniene.  Phenols  may  be  formed  in 
small  quantity,  but  only  when  the  oxidising  agent  employed  acts  very 
energetically.  Diaso-compounds  are  never  produced  when  the  oxida- 
tion is  carried  out  in  alkaline  solution,  but  only  in  presenoe  of  a 

♦  Couijiare  Fi.^cher,  An7ial<:n,  1878,  190,  67,  and  1879,  199.  281  ;  Fischer  and 
Ehrhard,  AnnaUn,  1879,  199,  333  ;  Haller,  Ber.,  1885,  18.  90;  Zincke,  Brr., 
1885,  18,  786 ;  Strache,  MomUsh,,  1891,  12,  523,  and  1892,  13,  316  ;  Wurster, 
B0r„  1887,  aO,  M83. 
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ooDsiderable  excess  of  some  strong  acid.  Azoimides  are  formed  when 
alkalis  are  absent  and  the  hydrasines  are  present  in  ezoees. 

Tlie  nature  of  the  oxidising  agents  and  the  oonditions  of  the  experi* 
menla  naturally  affect  the  mto  of  action.  All  oxides  act  moro 
Tigotmialj  when  hjdrated  and  when  finely  divided,  and  action  becomes 
much  more  rapid  as  the  temperature  is  raised* 

If  the  basic  oxide  of  the  metal  is  easily  rsdooed,  the  metal  itself 
is  libmtedt  as  with  the  oxides  of  mereaty,  copper,  and  silver ;  in 
other  eascq,  the  peroxides  only  act,  and  the  ba^  oxide  is  formed, 
ss  with  the  peroxides  of  lead  and  manganese. 

Alkaline  pennanganates  act  very  energetically  at  the  ordinary 
tempetatore,  whilst  with  chromates  the  temperature  has  to  be  raised 
considerably  before  any  appreciable  evolution  of  nitrogen  ooenrs. 

Potassium  chromate  oxidises  all  primary  aromatic  hydrazines  very 
easily,  giving  a  practically  theoretical  yield  of  nitrogen  and  hydrocarbon, 
and  being  itself  reduced  to  potassium  and  chromium  hydroxides.  This 
reactioQ  affords  the  most  convenient  method  yet  described  for 
replacing  a  hydrazino-  or  amino-group  by  hydroo^en,  the  latter  being 
first  converted  into  the  former  through  a  diazonium  salt. 

If  the  reduction  of  copper  oxide  by  phenylhydrazine  is  carried  out 
under  suitable  conditions,  the  metal  set  free  can  be  deposited  on  glass 
in  the  form  of  a  coherent  metallic  film,  ecjualling  in  brilliancy  a 
similarly  deposited  film  of  silver,  and  showing  the  splendid  red  colour 
of  polished  copper. 

The  view  of  the  course  of  the  reaction  recently  put  forward  to 
explain  the  oxidation  of  hydrazines  by  free  oxygen  (Chattaway,Trans., 
1907,  91,  1323)  affords,  with  a  suitable  extension,  a  simple  explana^ 
tioQ  of  all  the  facto  observed. 

When  either  oxygen  or  an  oxidising  agent  acto  on  a  primarj 
aromatic  hydrazine^  one  of  the  hydrogen  atoms  of  the  hydrazino- 
group  is  first  attacked,  and  a  hydroxyhydrastne  is  produced,*  thus : 

R-NH-NH3  +  0  =  R-NH-NH-0II. 

This  substance,  however,  not  being  stable  in  presence  of  alkalis^ 
undergoes  disruption  during  some  phsse  of  ite  motion,  thus : 

R-K-H  R      N  H 

H-ij-OH  i  OH 

the  spiittaiig  off  of  hydrocarbon  and  water  occurring  either  in  one  or 
two  stages. 

If,  however,  a  very  energetio  oxidising  agent  is  used,  a  certain 
number  of  molecules  may,  before  breaking  down,  undergo  a  farther 

•  Probably  the  action  which  first  takes  place  is  the  additioa  of  two  hydrozyl 
grou{M  to  the  nitrogea  which  thus  develops  its  quinr^uevaleQcy. 
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oxidation,  a  Moond  hydrogen  atom  being  thos  replaced  by  another 
hydroxyl  group.  The  similar  breaking  down  of  this  molecule  nndor 
the  infliMnce  of  the  alkaiU  zoBolto  in  the  £ormfttion  of  a  phenol : 

R-]$r*H  B      K  H 

I  — >•  I    +    HI     +  I 

HO-N-OH  HO      N  OH 

In  the  ahaonoe  of  an  alkaU  whioh  acts  as  oatalytio  agent  and  nraeh 
aooelerateB  the  deoompoeition  of  theae  hydroz^ydradiiefl^  theintro- 
doetion  of  the  second  hydrozyl  group  takes  plaoe  to  a  moeh  greater 
eztenti  and  in  the  presenoe  of  a  stnmg  aoid  at  a  low  temperature  a 
diaiommn  salt  may  be  formed,  thns : 

R-NH  RN-Cl 
,11        +  HCl  -      I  I       +  2H.0. 

The  subsidiary  reactions,  for  example,  the  production  of  hydrocarbons 
of  the  diphenyl  series  and  of  azo-derivatives  iu  presence  of  alkalis  or  of 
azoimides  in  absence  both  of  alkalis  and  of  acids,  can  be  simply  explained 
by  the  interaction  of  two  molecules  of  the  hydroxyhydrazines  primarily 
formed.  Among  the  products  of  the  oxidation  of  primary  aromatic 
hydrazines  in  presence  of  alkalis,  even  when  carried  out  at  a  low 
temperature,  no  diazo-oompounds  can  ])e  detected.  This  makes  it 
highly  improbable  that  they  are  ever  formed,  the  breaking  down  of 
the  oxidised  molecule  taking  place  at  a  stage  in  the  oxidation 
before  the  one  at  which  they  could  be  produced.  The  production  of 
phenols  in  small  quantity  when  energetic  oxidising  agents  are  used 
shows  that,  even  if  this  second  stage  is  reached  and  two  hydroxyl 
groups  are  introduced  into  the  molecule^  it  does  not  split  oft  water  in 
presenoe  of  alkalis,  but  undergoes  the  same  type  of  decomposition  as 
when  only  one  such  group  is  present. 

This  is  in  agreement  with  the  well-known  behaviour  of  diaionium 
compounds,  these  only  undergoing  the  eharaoteristm  disso-deoomposi- 
tioDS  in  presence  of  agents  able  to  form  additiye  compounds  with  them ; 
for  ezsmple,  water,  aloohol,  or  euprous  chloride,  tihus  giving  to  the 
mdeenle  a  structure  analogous  to  that  of  the  hydroacy-oompounds 
figured  above. 

It  is  unneceeary  to  assume  as  Hantsseh  does  (Bm-.,  1900,  33,  2517) 
that  this  addition  is  followed  immediately  by  a  piirtial  decompceition 

resulting  in  the  formation  of  an  unstable  «^-diazo-com pound  which 
then  breaks  down.  A  much  more  probable  explanation  is  that  diazo- 
compounds  as  such  do  not  break  down  with  elimination  of  nitrogen, 
this  only  taking  place  in  a  molecule  where  each  nitrogen  atom  carries 
at  least  two  suitably  related  groups  attached  to  it,  the  single  linking  of 
the  nitrogen  atoms  now  giviug  the  mobility  necessary  for  re-arrange: 
meat  of  the  molecule  before  its  disruption.    Thus  taking  three 
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wa  fllifnild  repiwmt  the  introdoolioii  of  a  hydrolyl  groop» 
Mi  ethinyl  gnmp^^    m  faydrcgen  stoa  and  «  ehlorins  «tom  tlnui : 

B-N-SO.H    „  R-N-SO^  R  N 

K  *        HO*N-H  HO  N      *  * 

B'N'Ol  R   N  CI 

R  1^  CI  H-A-0-0,H,      i  ^  ^  ^  ^dH,«GH,  ♦ 

•«  \         K«H-G1  R  N 

X  I  — >  i+iii+HCL 

CgH^ONH      0^5-  ON 

R-N-Cl         R       N  CI 

\  — ^  I    +111  +  1  • 
C1*N-Ca       01      K  On 

The  views  here  advanced  afford  an  insight  into  what  occurs  in  a 
number  of  reactions  which  have  hitherto  received  no  satisfactory 
explanation,  to  give  an  ioatancei  the  behaviour  of  diazoniuoi  salts  on 
reduction. 

As  is  well  known  when  diazonium  salts  are  reduced  by  stannous 
ehlonde  in  presence  of  s  large  excess  of  hydrochloric  acid,  they  are 
oCMiTerted  practically  qnantitatively  into  hydrazines,  this  being  a 
common  method  of  preparing  the  latter  oompoiiiida  (Meyer  and  I^co, 
£er.y  18S3,  16,  2976).  When,  however,  an  eioess  of  acid  is  not  used, 
rednotion  fajttannous  chloride  giTOS  rise  to  a  number  of  quite  different 
piroduiats,  in  which  the  aryl  group  preeent  in  the  diaioniuxn  salt  is 
united  with  hydrogen,  ehlorine»  )i^droxyI»  amidogeu,  or  tiie  aadmide 
eompleK  (Oulmanti  and  Gasidrowakt,  /.  pr.  Chmn^  1889,  [ii],  40,  97 ; 
Efitmt^  i9«r.,  1884,  17|  2399) ;  to  take  the  simpleet  caee,  whilst 
beDsenediaaanium  ehloride  yields  chiefly  benaene^  considerable 
quantities  of  oUorobenaeney  phenol,  aniline,  and  phenylaaoimide  are 
also  produeed. 

Agaw,  when  a  diaieiifum  salt  is  treated  with  an  excess  of  canstio 
alkali  and  then-  reduced  by  a  strongly  alkaline  solution  of  stannous 

oxide,  nitrogen  is  vigoronsly  evolved  and  the  diazonium  group  is 

replaced  by  hydrogen,  whilst  an  azo -derivative  in  formed  in  small 
quantity  (Fnedliinder,  ^cr.,  1889,22,  687);  for  example,  bonzene- 
diazonium  chloride  thus  reduced  yields  benzene  mixed  with  about  one- 
tenth  of  its  weight  of  azobenzene  (Koenigs  and  Carl,  Ber.,  1890,  23, 
2672).  Complete  conversion  of  a  diazonium  salt  into  a  hydrazine  by 
redaction,  or  of  a  hydrazine  into  a  diazonium  salt  by  oxidation,  is  only 

*  Th«  aldehyde  and  hydiogta  chloride  libsmtsd  axe,  without  any  doubt,  formed 
by  the  bnaking  down  of  ethyl  hypochlorite,  CHj-CH/OOl  — >  HCl  +  CHj-CHO. 
Tliis  ohaogs  eMi  be  foUoired  when  a  nitrogen  chloride  is  deeompoied  by  alcohol. 
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possible  in  presence  of  excess  of  acid,  whilst  complete  elimioation  of 
tbe  nitoogen  aod  replacement  of  the  hydrazine  or  dimioniam  grovp  by 
hydrogen  through  the  agency  of  oxidising  or  reducing  agents 
renpectivelj  is  only  possible  in  pret^enoe  of  ezoesa  of  alkali. 

When  neither  acid  nor  alkali  is  preeent  in  excess,  the  oomponnds 
produced  in  the  oxidation  of  hydrasines  are  exactly  those  obtained  in 
the  redaction  of  diaaoninm  salts* 

These  actions  can  all  be  satisfactorily  explained  by  the  assiunption  of 
the  formation  in  each  of  them  of  tbe  same  type  of  intermediate  com- 
ponnd,  a  hydroxy  hydrasine  which  is  relatiyely  stable  in  presenceof  strong 
adds^  but  which  immediately  undergoes  the  typical  diaso4ecomposition 
in  presence  of  alkalis.  The  actions  by  which  aaoimides  and  anilines  and 
aso-derivativee  are  iormed,  althongh  more  complex,  because  requiring 
the  Inteiaetion  of  two  molecules  of  the  hydroxyhydr&zine,  only 
inTdre  intramolecular  rearrangements  of  exactly  the  same  type. 

OxidtillMnof  Ph$n^f  O'Tofyl'f  p*3W^,  P'Bromophmyl'f  a-yap&litfl- 
and  P'^aphihyl-hifdraamt  5y  MskdUe  Oxidti. 

As  phenylhydrazine  is  much  more  readily  attacked  than  the  others, 
and  as  the  actions  which  take  place  are  typical,  the  behaviour  of  the 
various  oxides  with  it  alone  are  described. 

To  ascertain  the  action  of  anhydit>u8  oxides,  the  finely-divided  solid 
was  suspended  in  about  twenty  times  its  weight  of  water  and  the 
calculated  amount  of  phenylhydrazine  added,  the  liquids  being  shaken 
for  a  few  moments  to  mix  them  thoroughly.  The  hydroxides  were 
prepared  immediately  before  adding  the  phenylhydrazine  by  de- 
composing a  salt  of  the  metal  dissolved  in  about  twenty  times  its 
weight  of  water  with  the  calculated  quantity  of  .  potassium  hydroxide. 

The  action  of  dry  precipitated  mercnric  or  mercaroua  oxide  or  the 
corresponding  hydroxides  on  pbenylhydraaine  is  Tory  vigorous; 
much  heat  is  developed,  benaene  is  formed,  and  nitrogen  liberated  so 
rapidly  that  the  liquid  froths  violently.  The  action  of  eryatalltne 
meroorio  oxide,  although  vigorous,  is  not  so  violent. 

Both  dry  and  freshly  precipitated  silver  oxide  act  leas  energetically 
on  phenylhydrazine  than  the  corresponding  metouiy  compounds,  the 
same  products  resulting. 

IVsshly-precipitated  oopric  hydroxide  decomposes  phenylhydrasine 
similarly,  the  liquid  becomes  warm,  benaene  is  formed,  and  nitrogen 
is  given  off  rapidly.  Dry  caprio  or  cuprous  oxide  acts  much  more 
slowly,  aud  eveti  on  boiliog  the  liquid  very  little  evolution  of 
of  nitrogen  is  noticed. 

In  all  these  cases,  the  oxide  is  completely  reduced  and  the  metal  is  set 
free. 
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Lead  peroxide  acts  imniediately  on  phenylhydrazine,  the  liquid 
becomes  warm,  nitrogen  is  evolved  with  effervescence,  and  the 
peroxide  is  reduced  to  tho  banic  oxide,  whilst  benzene  together  with 
a  little  azobenzeDB  and  diphenyl  are  produced.  Red  lead,  however, 
has  very  slight  action  on  phenylhydrazine.  Manganese  dioxide  acta 
somewhat  less  readily  than  lead  dioxide  ;  the  products  of  the  oxidation, 
however,  are  the  same,  and  the  dioxide  is  similarly  reduced  to 
the  basic  oxide. 

Phenylhydrasine  is  also  oxidised  by  fenio  hydroxide,  but  the  action 
is  very  slow* 

When  copper  oxide  is  thus  reduced  by  phenylhydrazine,  the  metal, 
under  suitable  conditions,  can  be  deposited  on  the  glass  in  the  form  of  a 
fine  mirror.  If  small  fragments  of  oxidised  copper  wire  are  heated  on  a 
water*batli  for  some  considerable  time  in  a  saturated  aqneons  solution 
of  phenylhydraainct  although  the  evolution  of  nitrogen  is  so  slow  that 
it  can  scarcely  be  noticed,  copper  is  deposited  on  the  glass  immediately 
underneath  the  fragment  in  small,  brilliant  patches.   By  moving  the 
pieces  of  onde  about,  a  copper  mirror  can  be  obtained  of  considerable 
sias^  but  not  of  uniform  brightness.   If  to  an  aqueous  solution  of 
pbenylhydraiine  saturated  at  100^  and  gently  boiling  in  a  dean,  new 
flsak  these  is  added  a  little  potassium  hyd»»xide  and  then,  in  very 
small  quantities,  finely-divided  black  copper  oxide,  obtained  by  heating 
the  nitrate,  a  rapid  evolution  of  nitrogen  takes  place  and  a  small 
quantity  of  the  oxide  passes  into  solution.     In  this  solution,  the  metal 
exists  in  the  cuprous  state  dissolved  in  the  phenylhydrazine,  and  can 
be  precipitated  as  cuprous  hydroxide  by  tho  addition  of  excess  of 
potassium  hydroxide.     If  such  a  solution   in   gently   boiled  and 
more  solid  oxide  added  from  time  to  time  as  it  dissolves,  a  very 
fine  copper  mirror  can  be  obtained,  the  whole  interior  of  the  flask 
becoming  slowly  coated  with  a  firm  coherent  film  of  the  metal 
similar  to  the  film  of  silver  obtained  when  silver  oxide  is  rodvu  ed  by 
aldehydes  or  tartrates.    It  is,  however,  somewhat  dithcult  to  obtain  a 
good  deposit  by  this  method,  and  it  is  easier  to  employ  a  solution  of 
cupric  hydroxide  in  ammonia. 

The  loUowiog  procedure^  which  resembles  that  employed  in  silvering 
glafis,  gives  a  uniformly  excellent  result.  Heat  a  mixture  of  one  part 
of  freshly  distilled  phenylhydrazine  and  two  parts  of  water  until  a 
dear  solution  is  obtained,  and  to  this  add  about  half  its  bulk  of  a  warm 
saturated  solution  of  cupric  hydroxide  in  strong  ammonia.  Nitrogen 
is  freely  evolved  during  the  addition,  and  the  cupric  is  reduced  to 
cuprous  hydroxide,  whioh  remains  dissolved  in  the  ammoniacal  liquid 
and  does  not  undergo  any  immediate  fuither  reduction.  Add  next  a 
hot  10  per  cent,  solution  of  potassium  hydroxide  until  a  slight 
pennanent  pteeipitata  of  cuprous  hydroxide  Is  produced.    If  this 
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oolourlesB  or  pale  yelloir  liquid  be  now  cautiously  heated  in  contact 
with  a  perfectly  clean  glass  surface,  metallic  copper  is  deposited  on 

it  in  the  form  of  a  thin,  coherent,  perfectly  letlectiiig  lamina.  To 
obtain  a  liim  of  eufiicient  thickness,  it  is  best  not  to  pour  o£F  the 
warm  reducing  fluid)  but  to  allow  it  to  remain  in  the  Eask  until  quite 
cold.  When  the  liquid  is  poured  off,  the  film  of  copper  should  be  weli 
washed  first  with  water,  and  afterwards  with  alcohol  and  ether.  It 
should  then  be  protected  from  the  slow  oxidising  action  of  the  air  by 
one  or  two  ooata  of  so^ne  qi^icl^^y  (iryiug  yaf  oiah. 


permanganate  either  in  the  preeenoe  of  adda  or  alkalia.  In  preeenee  of 
•  small  quantity  of  anlphurio  aeid,  a  oomplioated  eeriea  of  aetiona 
ooonra.  Altboogk  ounple  hydrooarbona  and  nitrogen  are  the  main 
produeta,  hydrocarbons  analogous  to  diphenyl  and  aao-derivativea  are 
formed  in  email  quantity,  whilst  a  oonsiderable  amount  of  tar  is 
produced.  Some  ohioro-subatituted  hydrocarbon  may  be  formed  if 
hydrochloric  instead  of  aulphuric  acid  is  present* 

It  is  '  possible  that  diasonium  compounds  are  formed  in  these 
reactions,  but,  if  so,  they  must  be  produced  in  very  small  amount,  as 
in  spite  of  careful  search  they  could  not  be  recognised  with  certainty. 

To  give  the  details  of  one  experiment,  2  7  grams  of  phenyl  hydrazine 
were  dissolved  in  30  grams  of  sulphuric  acid  diluted  with  200  c.c.  of 
water.  This  solution,  cooled  to  0°,  was  poured  over  500  grams  of  crushed 
ice,  and  to  it  was  added  a  similarly  cooled  solution  of  3*2  grams  of 
potassium  permanganate  in  500  c.c.  of  water.  Considerable  efferves- 
cence occurred,  and  benzene  could  be  recognised  by  its  odour ;  the  red 
colour  of  the  permanganate  completely  disappeared,  and  a  small 
quantity  of  a  brown  solid,  probably  manganese  dioxide,  separated.  A 
cold  saturated  solution  of  potassium  hydroxide  was  next  added  until 
the  liquid  showed  a  strongly  alkaline  reaction.  It  was  then  filtered,  the 
temperature  of  the  liquid  near  being  allowed  to  rise  above  0^  To  the 
clear,  cold  alkaline  liquid  a  sdlution  of  4  grams  [of  ^-napbthol  in  a 
slight  excess  of  dilate  potash  was  addod.  No  red  colour  was  produoedv 
nor  did  any  develop  on  allowing  the  liquid  to  stand  for  iwenty4onr 
hours. 

The  oxidation  of  liydrasines  by  permanganate  inproeonoo  of  alkalis^ 
on  the  other  hand,  f oIIowb  a  simple  course. 

All  primary  aromatio  hydiasines  aw  readily  oxidised  at  the 
ordinary  temperatare  by  anaqueous  stdutien  of  potassium  permanganate 
made  allcaline  with  potassiuin  hydroxide.  As  when  other  oxidising 
a^enim  are  used  considerable  nee  of  temperature  tak^s  place.,  tha 
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hydfasinongroup  is  replaced  by  hydrogen,  and  nitra^en  ii  vapidly 
evolved.    A  little  of  some  hydrocarbon  of  the  diphenyl  group  is 

produced,  and  some  azo  derivative  is  formed  together  with  a  varying 
quantity  of  tarry  matter.  The  permanganate,  if  in  excess,  is  reduced  to 
manganese  dioxide,  whilst  the  latter  is  further  reduced  to  mangauous 
oxide  by  excess  of  the  hydrazine. 

The  amount  of  each  of  these  products  formed  was  determined  in  a 
number  of  cases,  but  the  quantitativa  results  obtained  aro  of  little 
importance. 

The  action  of  alkaline  permanganate  on  phcnylhydrazine,  jo-bromo- 
pbenylhydrazine,  and  o-  and  />-tolylhydrast]ie  has  been  studied. 

On  adding  pbenjlhydnoine  to  an  •xoess  of  a  saturated  solution  of 
potaswiiiin  permanganate,  made  strongly  aUuUine  with  potMainm  * 
bydiDzide,  antil  the  rod  colour  of  tbe  permangaBato  disappeared,  a 
Tiotont  eyolnfeion  of  nitrogen  took  plaosy  and  the  tempeimtore  of  the 
liquid  rose  eogisiderably.  All  the  bensene  formed  ooald  not  be  ooUeeted» 
einoe  mndi  was  canied  away  in  the  form  of  Tapoor  by  the  rapidly 
eeoaping  nitrogen.  When  violent  notion  was  o?er»  the  remainder  of  the 
benMoe  was  driven  off  in  a  ontzent  id  steam ;  on  oontinning  the 
passage  of  steam  for  some  timoi  a  small  quantity  ol  diphenyl  and  a 
considerable  amount  of  aaobensene slowly  distilled  over.  On  separating 
the  manganese  dioade,  addif  ying  the  strongly  alkaline  filtrate  with 
sulphuric  acid,  and  extracting  with  ether,  a  very  small  quantity  of  an 
oily,  strongly  smelling  substance,  apparently  phenol,  was  obtained;  the 
amount,  however,  was  so  small  that  it  could  not  be  identified  with 
certainty. 

Similar  experiments,  using  an  excess  of  pbenylhydrazine  and  a 
known  quantity  of  permanganate,  did  not  yield  constant  quantitative 
results. 

Several  attempts  were  made  to  discover  if  a  diazo-com pound  is 
produced  in  the  action,  but  without  result,  the  amount  of  such 
compound  if  it  is  produced  at  all  must  therefore  be  very  small. 

To  give  the  details  of  one  experiment,  4*2  grams  of  potassium 
permanganate  and  10  grams  of  potassium  hydroxide  were  dissolved  in 
400  0.0.  of  water,  tbe  solution  was  cooled  to  0°,  and  poured  over  200 
grams  of  orushed  ice.  To  this  was  added  a  similarly  cooled  solution 
of  5  grams  of  pbenylhydrazine  and  10  grams  of  potassium  hydroxide 
in  400  C.C.  of  water.  As  the  hydraaane  eolation  was  added,  nitrogen 
was  rapidly  given  o£f ,  the  odoor  of  bensene  beoame  evident,  and  the  red 
permikngaDate  scdntiQii  beeame  first  green  from  the  prodnction  of 
maaganate  and  finally  brownish^hlaek  from  the  deposition  of  hydrated 
manganese  dioodde.  The  addition  of  the  phenylhydrasine  solution  was 
oontukued  antil  the  green  ooloor  just  dUsappsered.  The  manganese 
dioxido  was  then  filtsnd  off|  and  the  dear,  cold  alkaline  liquid  mixed 
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With  a  solution  of  4  grams  of  ^-naplithol  in  a  slight  excess  of  aqueous 
potassium  hydroxide.  Not  the  slightest  red  colour  was  produced,  nor 
did  any  develop  on  allowing  the  liquid  to  stand  for  twenty-four  hours. 

The  amounts  of  diphenyl  and  azobenzene  formed  were  ascertained 
by  reducing  a  known  weight  of  the  mixture  and  determining  the 
amount  of  diphenyl  remaining. 

The  other  iiydrazines  mentioned  behave  with  potassium  pennan- 
ganate  simiiarl/  to  pbenjihydrazine. 

OMai^  of  Hydrawnm     AlkeUine  Dkhvmai«$  mud  CkrwnatM, 

H;^draiin6B  are  readily  oxidised  by  diohromatee  at  the  ordinary 
temperatiure»  and  by  chromates  if  the  temperature  is  somewhat  raised. 
In  each  caee^  tiie  action  is  a  simple  one,  the  dichromate  and  cbromate 
alike  being  converted  into  alkaline  hydroxide  and  hydrated  chromium 
seaqoioxide^  whilst  the  hydrasine  yielde  the  hydrocarbon  orsabstitnted 
hydrocarbon  and  nitrogen.  A  Tery  little  diphenyl  or  other  hydro- 
carbon of  thia  group  is  prodnesd,  and  only  when  dlcfaramates  are  need  Is 
any  appi'eciable  amount  of  aio-derivative  obtained*  Only  at  first  is 
there  any  difference  in  the  behavionr  of  diehromates  end  chromates,  as 
the  former  are  soon  converted  into  the  latter  by-the  alkaline  hydroxide 
liberated.  The  actions  are  represented  by  the  following  equations : 

K.Cr.O,  +  SR-NH-NH^  +  H.^  =  2K0H  +  20r(OH)3  +  3R1I  +  STTj, 
2KfirO^  +  3K'iJ  H-NH,  +  2 1^0  -  4K.0H  -f  2Cr(0H),  +  3Hii  +  3Ny 

With  chromates,  this  simple  reaction  is  the  only  one  which  occurs, 
and  practically  quantitative  yields  of  hydrocarbon  and  nitrogen  are 
obtained. 

On  adding  a  saturated  solution  of  potassium  dichromate  to  phenyl* 
hydrazine,  a  considerable  rise  of  temperature  takes  place^  nitrogen  is 
rapidly  evolved  with  much  frothing,  and  bensene  is  formed.  If  the 
dichromate  is  in  sxcese,  potassiam  chromate  and  green  chromium 
hydroxide  are  produced,  whilst  if  excess  of  hydrazine  is  present  a 
strongly  alkaline  liquid  results  containing  hydrated  chromium 
sesquioxide  suspended  in  it. 

U:?ing  excess  of  dichromate  and  carrying  out  the  oxidation  in  a 
nitromeior,  a  yield  of  nitrogen  amounting  to  about  92 — 95  per  cent, 
of  the  theoretical  was  obtained.  By  distilling  in  steam,  a  similar 
percentage  of  the  theoretical  yield  of  benzene  w/is  collected,  the  loss 
being  due  muitily  to  the  difiiculty  of  condensing  aud  ^parating  the 
whole  of  the  benzene  from  the  waL»-r. 

No  diazo-c*)nipound  could  be  detected  among  thn  products  of  the 
reaction,  and  oidy  a  minute  quantity  of  a  phenol-like  substance  could 
be  extracted  from  the  filtered  aliubUne  residue  after  acidification.  Only 
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very  small  qnantiiiet  of  diphenyl  and  asobeniene  wm  formed.  The 
other  hydrazmee  studied  hehaved  siinilarly. 

Potassium  chromate  alone  or  in  presence  of  potassium  lijdroxide 
does  not  appreciably  oxidise  phenylhydrazine  at  the  ordinary  tempera- 
ture. On  heating  nearly  to  boiling,  oxidation  commences,  nitrogen  is 
evolved,  and  ]>enzene  and  a  very  little  diphenyl  are  produced.  The 
action  goes  on  very  quietly  and  regularly,  and  the  yield  of  benzene  and 
nitrogen  is  nearly  quantitative.  It  is  difficult,  however,  without 
special  precautions,  to  retain  the  whole  of  tho  benzene,  the  vapour  of 
which  is  carried  away  by  the  escaping  nitrogen. 

As  a  rule,  in  a  carefully  conducted  experiment  about  75  per  cent, 
of  the  theoretical  yield  of  pure  dry  benzene  can  be,  obtained.  No  tar, 
phenol,  or  diazo-compound  is  produced  in  this  oxidation. 

The  quantitative  nature  of  the  reaction  is  shown  better  when 
0-  or  p-tolylhydraxine  *  or  /7-bromophenylhydrasine  is  thus  oxidised, 
fisce  in  these  cases  the  loss  of  hydrocarbon  or  substituted  hydro> 
atfbon  through  yolfttilisation  and  imperfect  eondensation  is  not  so 
great* 

*  On  ftooount  of  the  insolubility  of  jv-hromophenylhydrmsine  in  water, 
a  satuimted,  aqueous  solution  of  potassium  chromate  acts  much  less 
readily  on  it  than  on  nnsnhstituted  phenylhydraiine.  Very  Utile 
action  occurs  until  the  liquid  boils,  but  oxidation  then  proceeds  slowly 
and  regularly  without  the  formation  of  iuiy  tar,  or  of  any  recognisable 
quantity  of  by-produets.  Nitrogen  and  hromobenaene  are  produced  in 
practicaJly  theoretical  amount,  the  latter  passing  over  and  condensing 
with  the  steam ;  hydrated  chromium  eesquioxide  separates,  and  the 
liquid  becomes  strongly  alkaline  from  the  liberation  of  potassium 
hydroxide. 

Both  the  tolylhydrazines  are  similarly  quantitatively  oxidised  by  a 
hot  saturated,  aqueous  solution  of  potassium  chromate.  Nitrogen, 
toluene,  and  a  very  little  ditolyl  are  formed,  and,  as  before,  the 
chromate  is  reduced  to  hydrated  chromium  sesquioxide  and  potassium 
hydroxide. 

The  oxidation  of  aromatic  hydrazines  by  potassium  chromate  is 
conveniently  carried  out  by  dissolving  one  [and  a-half  times  the 
amonnt  of  potassium  chromate  needed  and  its  own  weight  of 
potassium  hydroxide  in  about  ten  times  its  weight  of  water,  and 
adding  the  hydrasine  or  its  hydrochloride,  using,  in  the  latter  case, 
oomespondingly  more  potash.  On  blowing  steam  into  the  mixture, 
oxidation  progresses  quietly,  the  hydrocarbon  condenses  with  the  steam, 
and  hydrated  chromium  sesquioxide  separates  from  the  liquid.  In  a 
carefully  conducted  experiment,  a  practically  theoretical  yield  of 
hydrocarbon  can  be  obtained. 

yOL.  XOUI.  U 
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XXVL — The  Meaction  between  Oaldum  Carbonate  and 

Chlorine  Water. 

By  Abthub  Bicuabdson,  Ph.D. 

It  is  known  that  when  ohlorine  is  passed  into  water  containing 
ealcinm  carbonate  in  suspensioni  hypoohlorous  acid  and  oaldum 
chloride  are  formed,  carbon  dioxide  being  given  oU,  and  that  the 
hypoohlorous  acid  can  be  separated  from  the  calcium  chloride  by 
distillation.  Williamson  (itfm.  CAsm.  Soe,,  1850,  2,  23i),  who  first 
observed  this  change,  showed  that  in  dilute  solutions  the  reaction  • 
was  represented  by  the  equation : 

OaOO^ + 201^  -f  H,0  -  CaCl, + 2H010 4-  00,. 

He  further  showed  that,  when  the  amount  of  carbonate  decomposed 
exceeded  1  part  in  30  parts  of  water,  the  hypoohlorous  acid  was 
partly  replaced  by  calcium  chlorate,  the  amount  of  the  latter  increasing 
with  the  weight  of  calcium  carbonate  decoin  posed. 

Later  experiments  of  the  author  (Trans.,  1903,  83,  380)  have 
shown  that  hypochlorous  and  hydrochloric  acids  are  formed  in  solu- 
tions of  chlorine  gas  in  pure  water,  provided  that  the  two  acids  are  at 
onco  separated  by  distillation  ;  and  it  seemed  probable  that,  in  the 
presence  of  calcium  carbonate  also,  if  the  two  acids  were  fust  produced 
by  the  action  of  the  chlorine  on  the  water,  the  hydrochloric  acid  and 
the  calcium  carbonate  would  react  to  give  calcium  chloride  and 
carbon  diojude,  and  the  hypochlorous  acid  would  be  left  free  in  the 
solution. 

It  will  here  be  shown,  however,  that  the  reactions  are  not  so  simple 
as  at  first  sight  appears,  for,  in  certain  circumstances,  a  part  of  the 
hypochlorous  acid  is  replaced  by  calcium  hypochlorite,  and  the  forma- 
tion of  calcium  chlorate  is  accompanied  by  the  liberation  of  oxygen. 

The  present  experiments  therefore  were  made  for  the  further 
study  of  the  action  of  chlorine  water  on  calcium  carbonate  and  the 
conditions  under  which  these  reactions  occur. 

The  calcium  carbonate  used  in  these  experiments  was  veiy  carefully 
purified,  especially  from  traces  of  iron  and  manganese ;  before  using» 
it  was  dissolved  in  specially  purified  hydrochloric  acid,  repredpitated 
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with  ammoDium  carbonate  and  kept  at  boiling  point  for  several  hours, 
and  then  finally  washed  entirely  free  from  ammonium  salts.  This 
coarse  granular  precipitate  was  always  used  in  preference  to  the 
OArbonate  in  a  more  iinely-divided  condition. 

The  chlorine  was  prepared  from  potassium  dichromate  and  hydro- 
chloric  acid,  and  was  washed  by  pustng  it  through  solatioiis  of  chromic 
acid  and  then  through  water. 

Estimation  of  Actim  CMorine,  ("  Hypochlorous "  Chlorine). — ^In 
all  the  following  experiments,  the  chlorine  was  led  into  a  measured 
Yolome  of  water  containing  known  quantities  of  the  caldnm  carbonate 
in  SQspeDrion.  Of  course,  at  the  end  of  an  experiment  there  was 
excess  of  free  cUorine  in  the  solution.  To  give  an  idea  of  how  the 
hypochloroos  "  chlorine  was  determined,  the  details  of  an  experiment 
are  given :  10  cc.  of  the  sointicn  (containing  free  and  hypochlorous  " 
chlorine)  were  made  up  to  500  cc.  with  water.  This  solution  was 
divided  into  two  equal  parts,  in  one  both  the  free  and  the  hypo* 
chlorous"  chlorine  were  estimated  together  by  means  of  potassittm 
iodide,  acidified  with  hydrochloric  acid,  and  decinormal  thiosulphate 
solution  ;  in  the  other,  the  free  chlorine  was  removed  by  aspirating  a 
current  of  carbon  dioxiile  for  twenty-four  hours  ;  the  residual  hypo- 
chlorous  acid  was  then  estimated  as  before.  Various  experiments 
show  that  the  free  and  the  '*hypoclilorous  "  chlorine  ran  l)o  estimated 
with  accuracy  by  this  means,  provided  that  the  hypochlorous  acid  is  not 
present  in  greater  strength  than  about  0*0426  gram  of  hypochlorous 
acid  in  100  cc.  of  water.  ^Toroover,  the  amount  of  free  and  "hypo- 
chlorous" chlorine  was  also  checked  by  estimation  with  a  3^/10 
solution  of  silver  nitrate.  The  following  table  gives  the  results  of 
three  experiments : 

Table  I. 

10  cc.  made  up  to  500  e.c.  with  water  I.  11.  III. 

Free  and  •'hypochloroua"  chlorine    0-0884     0  0958     0  170 

Hypochlorous chkrine   0  0-31 5    0  0708    0  142 

Free  chlorine     0  0'J41     O  OKIO     0  028 

Free  and  **hypocbloroas"  chlorine  estimated  by  AgNOa   0'0887     0  0958     0  170 

It  was  necessary,  also,  to  be  able  to  determine  the  amount  of  chlorine 
prsMt  as  calcium  chloride  (and  also  occasionally  as  caldum  chlorate). 
This  was  done  as  follows :  Hydrogen  sulphide  was  passed  through  a 
cold  solution  containing  the  free  chlorine,  the  ''hypochlorous" 
chkrine^  and  the  caleiom-ehloride "  chlorine  (and  sometimes 
''calflium-chlnte  "  chlorine).  By  this  means,  all  the  chlorine  except 
the  ''ehlorate"  chlorine  was  converted  into  chloride,  whidi  could  then 
be  estimated  with  ilT/lO  silver  nitrate  solution  after  the  hydrogen 
sulphide  had  been  expelled  by  boiling  the  solution.  By  subtracting 
from  the  total  chlorine  found  the  amount  of  free  and  "  hypochlorous" 
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chlorine,  the  amount  of  chlorine  present  as  calcium  chloride  could  be 

determined. 

The  amount  of  chlorine  as  chlorate  was  estimated  by  first  deter- 
mining the  total  chlorine  as  above,  and  also  after  an  equal  volume  of 
the  solution  had  been  treated  with  Gladstone  and  Tribe's  zinc-copper 
couple  (as  modified  by  Bothamley  and  Thompson,  Trans.,  1888,  53, 
164);  the  diilerenco  between  these  values  gives  the  amount  of 
chlorine  present  as  chlorate. 

Adion  of  Chloriw  on  a  Mixture  of  Calcium  Cturbanate  and  WaUr 

in  the  CM. 

When  cold  chlorine  water  is  agitated  with  oaletum  carbonate,  all 
free  chlorine  is  at  first  removed,  calcinm  chloride  and  hypoohlorons 
acid  alone  being  formed  with  evolution  of  carbon  dioxide.  But  when 
the  eolation  of  hypoohlorons  acid  becomes  of  more  than  a  certain 

strength  (about  4  per  cent.  HCIO),  it  wiU  be  seen  from  the  next  table 

that  chlorate  begins  to  be  formed  ;  doubtless  this  is  due  to  decom- 
position of  the  hypochlorous  acid  into  iiydrochloric  and  chloric  acids  : 

Table  II. 


Weight  of  CuCOj 
in  200  C.C. 

Ivatio  of 

"  Hypo- 

CaCO, 

chlorous  " 

"  Chlorate  " 

"Chloride. 

Expt. 

H/>. 

chlmriiie. 

chloriM. 

clUorine. 

Gimnu. 

In  e.c. 

Ine.e. 

In  c.c. 

1 

2 

1  : 100 

1-456 

none 

1-45 

2 

5 

1  :40 

1-917 

none 

1-988 

8 

1:88*8 

2-929 

0*142 

8*989 

4 

8 

1  :  25 

3195 

0-284 

4-544 

5 

12 

1  : 160 

3-621 

0-613 

6-745 

6 

20 

1  : 10 

2-804 

1-849 

1 1  -679 

From  this  table,  it  will  be  seen  that  the  "  hypochlorous"  chlorine* 
reaches  a  maximum  in  experiment  5,  but  that  as  the  calcium  chloride 
inci eases  beyond  this  point  the  hypochlorous  acid  is  less  stable. 

Also,  it  will  be  seen  that  in  experiments  1  and  2,  where  no  chlorate 
is  formed,  the  amount  of  ^'hypochlorous"  and  chloride"  chlorine  is 
the  same ;  this  can  be  expressed  by  the  equation : 

GaCO, + 201s + "        ^  ^HOiO + 00, ; 
and  if  the  formation  of  the  chlorate  is  the  only  other  reaetion,  then  it 
may  be  expressed  by  the  equation : 

3HCl()  =  nCl03  +  2HCl. 
That  this  second  equation   represents   the   only  other  reaction 
is  not  borne  out  by  the  results.     This  can  be  seen  from  the 

*  To  aroid  eomplicstioii,  it  has  been  aasamod  that  the  ''hypocUonmB**  chlorine 
ia  present  entirely  ss  hy|>ocliIorous  acid  ;  it  will  be  shown  later,  however,  that  some* 
times  s  part  is  present  ss  the  cslciam  salt. 
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amount  of  "chloride"  chlorino  found.  In  e\()«riiiiont  3,  2"929 
'*  hypochlorous "  chlorine  =  2  029  "chloride"  chlorine,  and  0142 
"chlorate"  chlorine  =  0*284  "chloride"  chlorine,  giving  a  total  of 
3*213  "chloride"  chlorine,  but  3'639  was  the  amount  found.  Again, 
in  experiment  6,  from  the  " hypochlorous "  and  "chlorate"  chlorine 
there  should  be  5'502  "  olilocicle "  eUorine,  but  11*679  was  found. 

The  next  set  of  ezperimants  was  made  to  determine  whether  caldam 
chloride  had  any  inflnenoe  on  the  reaction. 

Ii^/umiM  cf  Ccimmm  Ckhrii$  on  ik$  AeUon     CMorim^  a  Miaeium 
of  Calekm  Carbonate  and  Water  in  ike  Cold, 

Two  hundred  cc.  of  water  containing  50  per  cent,  of  calcium  chloride 
in  solution  were  treated  with  a  small  quantity  of  calcium  carbonate  and 
chlorine,  the  gas  being  passed  into  the  mixture  for  two  hours.  The 
carbonate  remained  undissolved,  and  no  trace  of  hypochlorous  acid 
oould  be  detected.  Strong  solutions  of  calcium  chloride  therefore 
enticelj  prevent  the  action  of  chlorine  on  calcium  carbonate.  When 
a  35  per  cent,  solution  of  caldum  chloride  was  need,  a  limited  action 
took  jdace.  '  Moreover^  it  was  found  that  the  solution  (after  getting 
rid  of  all  free  chlorine)  gave  a  whiter  crystalline  precipitate  of  calcium 
carbonate  when  treated  with  carbon  dioxide.  The  original  solution 
gave  no  such  precipitate  with  carbon  dioxide*  therefore  either  calcium 
hydroxide  or  caldnm  hypochlorite  had  been  formed « during  the 
reaction.  Gonsidering  the  amount  of  free  chlorine  present,  it  seemed 
onlikely  that  caloiam  hydroxide  would  be  formed.  It  has  been  stated, 
however,  by  von  Tiesenholt  (J.  pr.  Chmn.,  1901,  [ii],  63,  30}  that 
anhydroos  caldnm  eliloride^  to  which  a  small  quantity  of  a  solution  of 
hypochlorous  add  has  been  added,  becomes  strongly  alkaline,  owing  to 
the  formation  of  calcium  hydroxide.  To  determine  whether  this  had 
uken  place,  a  method  based  on  the  following  considerations  was 
adopted.  If  the  calcium  carbonate  is  formed  from  calcium  hydroxide 
by  the  carbon  dioxide,  no  additional  hypochlorouH  acid  will  bo  liberated  ; 
if,  however,  it  is  formed  from  calcium  hypochlorite,  additional  hypo- 
chlorous  acid  should  be  formed. 

One  hundred  and  fifty  c.c.  of  a  6  per  cent,  solution  of  calcium 
chloride  were  treated  with  an  excess  of  calcium  carbonate,  and  chlorine 
passed  for  two  hours.  The  solution  was  then  filtered.  Carbon 
dioxide  was  then  passed  through  50  c.c.  of  the  solution,  when  a 
comparatively  large  amount  of  carbonate  was  precipitated,  and  tlio 
free  chlorine  was  removed.  Another  50  c.c.  were  aspirated  by  means 
of  an  fur  current  to  remove  all  free  chlorine  until  the  escaping  gas, 
when  bubbled  through  potassium  iodide  solution,  scarcely  gave  a  colora- 
tion  of  iodine ;  then  carbon  dioxide  was  substituted  for  air,  and  the 
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curreut  passed  at  as  nearly  as  pos.sible  the  same  rate.  The  ©scaping  gas 
was  led  into  a  solution  of  potassium  iodide,  and  iodine  was  at  once  freely 
liberated.  Thus  air  aspirated  through  the  solution  fails  to  liberate 
hypochlorous  acid,  but  carbon  dioxide  passed  through  for  the  same 
time  does.  This  fact  seems  to  prove  conclusively  that  calcium  hypo- 
chlorite was  present  in  the  original  solution. 

A  quantitative  experiment  was  now  made  to  determine  the  ratio  of 
calcium  hypochlorite  to  hypochlorous  acid  formed.  One  hundred  c.c. 
of  a  28  per  cent,  solution  of  calcium  chloride  were  taken ;  to  this, 
small  quantities  of  calcium  carbonate  were  added  from  time  to  time, 
and  chlorine  was  passed  through  the  mixture  for  four  hours.  Unde- 
composed  calcium  carbonate  was  then  filtered  ofi^  and  carbon  dioxide 
passed  through  50  e.a  of  the  solution  until  no  more  calcium 
carbonate  was  precipitated,  and  the  free  chlorine  was  removed.  The 
solution  was  then  boiled  and  filtered»  and  the  precipitate  was  washed 
free  of  chloride  and  chlorate.  The  precipitate  was  converted  into 
calcium  ozalate,  and  the  oxalic  acid  estimated  by  means  of  potassium 
permanganate;  an  amount  was  found  equivalent  to  0*2556  of 
'*  calcium  hypochlorite  "  chlorine. 

In  another  portion  of  the  solution,  the  "  hypochlorous  "  chlorine  was 
estimated  by  the  thiosnlpbate  method.  The  amount  was  0*248  of 
"  hypochlorous  "  ehlortne^  thus  showing  that  in  the  solution  a  little 
more  than  50  per  cent,  of  the  "  hypochlorous  "  chlorine  was  present  as 
calcium  hypochlorite. 

DeUrmiiiaLion  of  Ute  Amount  of  Calcium  HypochloriU  Formed  in  the 

Absence  of  Added  Calciuiti  Chloride. 

The  following  experiments  were  carried  out  in  the  manner  already 
indicated ;  6,  12,  and  24  grams  of  calcium  carbonate  were  added  to 
200  ce.  of  water : 

Tabus  III. 

Weight  of  CsOO,  Totftl 

ill  200  c.c.  Rutin  of  Chlorine       "hypochlorous      %  of 

Expt.       water.         CaCO,  to  water.      as  Ca(CiO)s.    acid "  chlorine.  Ca(C10)y 
Grams.  - 

1  6  1  : 33-3  fthsout  6-857  0 

2  12  1:1(»'0  0M61  7-224  6 
8           24                 1:8*8               0761  5-009  16 

Up  to  this  point,  the  active  chlorine  was  assumed  to  be  present  only 
us  hypochlorous  acid  and  hypochlorite ;  chlorous  acid  and  its  salts  had 
not  been  looked  for.  To  determine  whether  chlorous  compounds  were 
also  present,  a  solution  was  prepared  by  decomposition  of  calcium 
carbonate  in  chlorine  wateri  which  gave  a  precipitate  of  calcium 
carbonate  when  treated  with  carbon  dioxide.  In  one  portion  of  the 
solution,  the  total  active  chlorine  was  estimated  with  sodium  thio* 
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sulphate,  and  iu  another  with  au  alkaline  solution  ol  araeuious  oxide, 
using  indigo  as  indicator.  Tho  two  series  of  determinations  agreed 
exactly,  showing  that  chlorous  acid  or  chloritea  were  absent,  llypo- 
chlorous  and  chlorous  acid.-?  are  both  reduced  by  thiosulphates,  but 
hypociilorous  acid  alone  is  capable  of  being  decomposed  by  a  solution  of 
arsenious  oxide.  As  all  the  foregoing  experiments  had  been  conducted 
in  the  cold,  the  influence  of  heat  was  now  tried. 

Ii^immc9  ^  Z^mU  on  the  Action  qf  Chlorine  on  a  Mixture  o/  Calcium 

Carbonate  and  Water, 

Beferring  back  to  table  II,  experiment  6,  it  will  be  seen  that 
the  amount  of  chloride"  chlorine  (11*679)  is  in  excess  of  what 
should  have  been  produced  (5*5)  when  calculated  from  the  "  hyjx)- 
clilorous  "  and  "chlorate"  chlorioe.  This  can  only  be  accounted  for 
by  oxygen  being  liberated  during  the  reaction.  In  an  early  experi- 
ment,  when  the  products  of  the  action  of  chlorine  on  calcium  carbonate 
and  water  were  heated,  oxygen  was  found  to  be  formed.  A  special 
form  of  apparatus  was  therefore  devised  in  order  to  make  a  series  of 
quantitative  determinations  of  tho  oxygen  thus  liberated  (compare 
figure).  The  hypochlorous  acid  that  remained  after  heating,  the 
calcium  chlorate,  and  the  calcium  chloride  were  also  determined. 

A  spherical  llask,  A,  was  connected  with  the  inner  tube,  B,  of  an 
upright  Liebig's  condenser,  C,  the  neck  of  A  and  the  lower  end  of 
B  being  ground  into  one  another.  A  tube,  D,  passed  down  B  to  tho 
bottom  of  A  for  the  admission  of  chlorine,  IJ  being  also  ground  into 
the  upper  part  of  B.  The  e:tit  tube,  E,  sealed  into  the  upper  part  of 
Bt  connected  A  with  tlio  gas-collectiog  tube,  containing  a  stronj^ 
solution  of  sodium  hydroxide.  Any  gas  passing  from  A  and  unabsorbed 
in  F  was  measured  in  the  gas  burette,  //. 

Ohlorine  was  first  passed  into  cold  water  containing  calcium 
carbonate  in  suspension  inil»and,  when  all  air  had  been  removed  from 
the  apporatos  (shown  by  complete  absorption  of  the  ohlorine  in  a  solution 
of  sodium  hydroxide  in  G),  connexion  was  made  between  F  and  A  by 
opening  the  stopcock  at  /•  The  fiask,  A,  was  then  heated  in  an  oil' 
bath.  On  heating,  oxygen  was  at  first  freely  evolved,  but  the  rate 
of  evoluttou  rapidly  diminished.  In  each  experiment^  the  solution 
was  heated  for  one  and  a*lialf  hours,  by  which  time  no  more  oxj<;en 
was  liberated.  It  will  be  seen  that  by  this  arrangement  the  hypo- 
chlorous  add  formed  would  condense  in  B  and  return  to  A,  where  any 
ehango  resulting  from  the  action  of  hypochlorous  acid  on  the  other 
products  would  take  place.  In  table  IV,  tho  results  obtained  are 
given : 
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Tabls  IY. 


Weight  of  CaCOa  llatio 
inSOOcc  ofOftCCV 
Bxpt.   water.      to  water. 


1 
S 

8 


Giams. 
8 
6 
12 

12 


1:100 
1:50 
1 :2S 

1:26 


{ 


Oxygen 
found 
at  N.T.P. 
In  c.e. 
50-4 
88-4 
134 
(a)  75'3*\ 
(6)  72-8  / 


"  Ilypo- 

chlorouaadd"  "Chlorate"  "Chlori(Ia 
ohlorine.       chlorine,  chlorine. 


0-488 
0-293 
0188 

0188 


0-213 
0-639 
0-968 

1'278 


1-384 
3-674 
7*082 

8*949 


To  determine  whetlier  Uie  liberation  of  oxygen  here  observed  was 
due  to  the  action  of  heat  on  the  hypochlorou8  acid  in  the  absence  of 
other  componnds,  the  following  experiments  were  made:  (1)  200  c.e. 
of  a  solution  of  hypochlorous  acid  containing  2*059  grams  of  "  hypo- 
cblorous  "  chlorine  were  heated  for  one  and  a-half  hours  iu  a  stream  of 

*  In  the  firat  three  experimenta,  the  carbonate  was  completelj  deoompoaed  in  the 
colli  solution,  and  then  heated.    In  the  fourth,  a  portion  (about  halt)  of  the 

carbonnte  was  decom[>o<e<l  nml  then  heatt'<l,  when  75*3  c.e.  of  oxygen  were 
liberated  ;  on  cooling  and  repenting'  the  exptritnent  so  as  completely  to  diisolve 
the  remaiuiug  curbouate,  72*8  c.e.  more  oxygcu  were  produced. 
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chlorine ;  6  e.c.  of  oxygen  were  libermted,  and  the  "  hypochlorous  *' 
chlorine  remaining  was  1*158  grams;  (2)  200  ae.  of  a  solution  of 
hypoehlorons  acid  containing  G-745  gram  of  '*  hypoeUoiouB  "  ehtorine 

were  boiled  for  two  hours,  when  13  e.c.  of  oxygen  were  liberated  and 
0"639  gram  of  "  hypochlorous"  chlorine  remained  ;  but  the  remainder 
of  this  solution  on  again  heating  with  some  calcium  carbonate  yielded 
54  e.c.  of  oxygen,  and  the  hypochlorous "  chlorine  had  &uok  to  a 
value  of  0  1 59  gram. 

Hypochlorous  acid  alone,  therefore,  when  heated  does  not  yield  much 
free  oxygen.  Another  experiment  was  made  in  which  the  "  chlorate  " 
and  "chloride  "  chlorine  was  determined  :  a  solution  of  hypochlorous 
acid  containing  1*109  grams  of  "hypochlorous"  chlorine  was  heated  with 
some  calcium  carbonate ;  41  e.c.  of  oxygen  (at  N.T.P.)  were  liberated, 
and  0*745  gram  of  "chloride  "  chlorine  and  0  355  gram  of  "chlorate" 
chlorine  were  found.  The  amount  of  "chloride"  chlorine  found  is 
more  than  doable  the  "chlorate"  chlorine,  the  extra  amount  being 
due  to  the  oxygen  liberated.  The  liberation  of  oxygen  when  a 
eolation  of  hypochlorous  add  is  heated  is  most  probably  due  to 
decomposition  of  chlorine  monoxide  :  SHCIO^H^O  +  O  +  Clj.  If  this 
is  so,  then  free  chlorine  should  be  produced  as  well  as  oxygen. 

Instead  of  taking  hypochlorous  acid  and  calcium  carbonate,  calcium 
chloride  was  used.  On  warming  a  solntion  of  hypochlorous  add 
and  caldom  chloride^  a  oondderable  amount  of  free  chlorine  was 
prodoced*  as  well  as  oxygen.  The  formation  of  chlorate  after  treat- 
ment of  hypochlorous  add  with  caldam  chloride,  and  its  absence  in 
the  original  hypodilorous  add  solution,  was  shown  by  dividing  a 
solution  of  hypochlorous  add  into  equal  volumes,  one  only  being 
heated  with  a  solution  of  caldum  chloride.  Both  were  then  treated 
with  hydrogen  sulphide^  boiled,  and  distilled  with  hydrochloric  add. 
The  one  containing  caldum  chloride  gave  chlorine  and  oxides  of 
chlorine,  which  liberated  iodine  freely  from  potasdum  iodide,  the  other 
gave  no  soeh  naetion. 

Some  further  experiments  were  made  to  determine  the  ratio  of  the 
amount  of  chlorate  formed  and  the  oxygen  liberated.  A  solution  of 
hypochlorous  acid  containing  0*756  gram  of  '*  hypochlorous  "  chlorine 
and  a  strong  solution  of  calcium  cliloriJe  was  decomposed  by  heat  in 
an  atmosphere  of  carbon  dioxide;  "chlorate"  chlorine  =01 07  gram 
and  oxygen  liberated  =11*8  e.c.  (at  N.T.P.).  ♦ 

In  another  experiment,  a  solution  of  hypochlorous  acid  containing 
0*551  gram  of  "hypochlorous"  chlorine  and  a  strong  solution  of 
calcium  chloride  was  similarly  decomposed;  "chlorate"  chlorine 
«0  089  gram  and  oxygen  liberated  =  12*2  e.c.  (at  N.T.P.). 

**  The  atomic  ratio  oilailated  from  these  figures  is  roaghly  8  atoms  of  chlorine  to 
1  atom  of  oxygen. 
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From  the  foregoiog  experiments,  U  will  be  seen  ihat^  in  the  first 
place,  in  mixtores  of  caldum  oarbonate  and  water  in  tke  cold  where 
there  is  not  a  large  excess  o!  calcium  carbonate}  (he  reaction  can  be 

expressed  as  follows : 

CaCOg  +  200,  +  li  ft  -  CaCl2  +  2HC10  +  COj. 
When, however, the  hypochlorous  acid  is  aljove  a  certain  strength,  then 
a  certain  amount  of  calcium  hypochlorite  is  formed,  and  also  calcium 
ohlorate  and  calcium  chloride.  As  the  amount  of  calcium  chloride 
increaseSi  the  ratio  of  calcium  hypochlorite  to  hypochlorous  acid  also 
increases.  When  chlorine  is  passed  through  a  hot  solution  of  calcium 
chloride  with  calcium  carbonate  in  suspension,  calcium  ohloratCy 
chloridci  oxygen,  and  free  chlorine  are  formed.  In  this  case,  hypo* 
chlorous  acid  appears  to  be  the  compound  which  is  decomposed, 
yielding  the  free  oxygen  and  chlorine. 

CiOT'BAL  Hindu  Collboii 
Bbnabsb,  India. 


XXVIL — CmtrHnUiom  to  the  Chemistry  of  the  Terpene$. 
Part  IIL   Some  Oxidation  Products  of  Pinene. 

hy  Gkobgb  Qbrald  Henderson  and  Thidoui:  Mobhis  LLeiluron. 

Thx  additive  compound  C^oUjQ,2Cr02Cl2«  which  is  formed  by  the 
action  of  chromyl  chloride  'on  pinene  under  suitable  conditions 
(Henderson  and  Gray,  Trsns.,  1903,  83,  1299),  yields  when  de- 
imposed  by  water  a  saturated  aldehyde,  an  unsaturated  ketone,  and 
a  small  quantity  of  a  chlorinated  oxidation  product,  together  with 
much  resinous  matter.  The  aldehyde  is  easily  converted  into  the 
corresponding  add,  and,  as  it  was  found  that  a  bromo-derivatiTe  of 
this  could  not  be  obtained  by  direct  bromination,  the  Mtnde, 
CgHjs'GOGI,  was  prepared  from  the  acid.  This  chloride  is  a  heavy, 
oily  liquid,  which  reacts  readily  with  water,  and  when  heated  with 
bromine  nnder  pressure  u  converted  easily  and  oompletelj  into  tiie 
(ruMvio-derivative,  CoUj^BrOOOl.  This  oompound  is  very  similar  in 
properties  to  the  chloride,  and  is  decomposed  by  water  with  formation 
of  the  crystalline  bromo-acid,  C.^Hj^Br'OOoH.  When  boiled  with 
aqueous  sodium  caibouato,  the  bromo-acid  is  couvorted  into  the 
corresponding  hydroxy-acid,  C.,Hi^(0H)*C02H,  which  crystallises  in 
needles  and  is  soluble,  although  not  readily,  in  water.  Its  sodium  saib 
i&  readily,  and  its  silver  salt  very  sparingly,  soluble  in  water. 

When  the  impure  bromo-acid,  prepared  by  the  action  of  water  on 
its  chloride,  was  treated  with  cold  aqueous  sodium  carbonate,  there 
remained  undissolved  a  small  quantity  of  a  neutral  compound  which 
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coutains  VjuLh  hrotiiino  ainl  oxyiron.  It  crystallises  from  alcohol  in 
small,  colourless  prisms,  atid  appeiirs  to  have  the  composition  repre- 
sented by  the  formula  CiQlIj^OBr. 

The  crude  hydroxy-acid,  precipitated  by  addition  of  dilute  sulphuric 
acid  to  the  alkaline  solution  obtained  by  heating  the  bromo-acid  with 
sodium  carbonate,  was  heated  with  water.  The  hydroxy  acid  passed 
into  folution,  but  a  small  quantity  of  another  acid  was  left  undissolved. 
This  acid,  of  which  the  formula  is  probably  C^qH^^Oo,  crystallises  from 
alcohol  in  silvery  leaflets.  Its  silver  salt  orystallises  from  water  in 
small,  colourless  needles. 

The  ketone  described  in  the  former  paper  on  this  subject  {loc*  eU.), 
to  which  the  formula  CigHj^O  was  provi.^ioaally  assigned,  has  now 
been  obtained  in  a  pnrer  state,  and  has  been  found  to  have  the 
formula  C^Hj^O.  When  redaoed  with  sodium  and  alcohol,  it  yields 
the  aieokol,  CgHj^*OH,  a  viscous,  colourless  liquid,  almost  insoluble  in  * 
water,  but  freely  soluble  in  alcohol  or  .ether.  Its  ph§nylfunthane 
cryetolHsoH  in  delicate,  colourless  needles,  and  its  aeid  phthaOe  ufer  in 
lostrous  leaflets. 

When  heated  with  ammonium  formate,  the  ketone  is  converted 
diiefly  into  the  formyl  derivative  of  an  amine.  The  free  amtne, 
C^Hj^'NHy  is  a  colourless,  oily  liquid  with  a  strong,  disagreeable 
odour,  and  is  almost  insoluble  in  water.  Its  hydroMnide  crystallises 
in  silky  needles  whtdi  are  extremely  easily  soluble  in  water,  and  its 
piatiniehloride  is  obtained  in  yellow  leaflets. 

The  chlorinated  oxidation  product,  separated  from  the  ketone  by 
repeated  fractional  distillations  under  diminished  pressure,  has  the 
formula  Cj^Uj^^OCl.  It  crystallises  from  light  petroleum  in  small 
prisms,  and  decomposes  when  hoited  above  its  melting  point.  It  is 
very  readily  soluble  in  the  usual  organic  solvents,  and  is  not 
decomposed  when  heated  with  water.  It  does  not  yield  an  oxime  or  a 
semicarb.izone,  and  when  treated  with  sodium  and  alcohol  it  is  slowly 
converte<l  into  a  crystalline,  strongly  odorous  compound  which  does 
not  contain  chlorine. 

It  id  to  be  hoped  that  furtlu  r  investigation  will  throw  light  on  the 
question  of  tlio  constitution  of  the  compounds  described  ;  in  the 
meantime,  it  would  hardly  be  profitable  to  indulge  in  speculation  on  the 
subject. 

ExPBBmSIITAl.. 

rre/xiration  of  Lite  H ydroxy-Acid^  CyUjj(OlI)*COjH. 

The  calculated  quantity  of  phosphorus  pentachloride  was  mixed  with 
light  petroleum,  and  the  dry,  finely-powdered  acid,  CgH,^*OO.^H,  was 
added  in  small  quantities  at  a  time.  The  mixture  was  left  for  some 
bom  at  the  ordinary  temperature  and  then  heated  on  the  water-bath 
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under  a  leflax  oondeitaer  until  (he  action  was  oompleted.  Tho  light 
petroleum  ma  evaporated,  and  the  residue  was  then  fractionaUy 
distilled  under  diminished  pressure.  The  chloride  of  the  acid  was 
thus  obtained  in  a  purified  state. 

The  €kloridef  CgHj^^COCl,  is  a  colourless,  somewhat  viscous  liquid, 
which  boils  at  about  13(P  at  30  mm.  pressure.  It  is  denser  than 
water  and  has  a  peculiar,  but  not  unpleasant  odour.  It  undergoes 
rapid  decomposition  when  exposed  to  moist  air,  and  is  quickly 
converted  into  the  corresponding  acid  by  the  action  of  cold  water. 

The  6romo-derivative,  Cj)H,^Br*COCl,  was  prepared  by  heating  the 
chloride  with  a  slight  excess  of  bromine  in  a  sealed  tube  at  100^  for 
about  twenty-four  hours.  This  derivative  is  also  a  liquid,  very 
similar  lu  apjiearance  to  the  chloride,  and  it  reacts  readily  with  water. 

In  order  to  prepare  the  corrospooding  acid,  the  bromo-derivative  was 
poured  into  water,  and  the  mixture  was  well  stirred  until  all  the  oily 
compound  was  decomposed.  The  crystalline  solid  was  collected,  and 
treated  with  a  cold  aqueous  solution  of  sodium  carbonate.  A  small 
quantity  of  a  solid  which  did  not  pass  into  solution  was  removed  by 
filtration,  the  filtrate  was  acidified,  and  the  bromo-acid  which 
separated  was  purified  by  recrystallisation  from  dilute  alcohol. 

The  bronuhacid,  09H|4Br*C02H,  crystallises  in  small,  colourless 
prisms.  It  is  very  readily  soluble  in  alcohol  or  ether,  and  rather 
sparingly  so  in  water. 

The  hydroxy-acid  was  obtained  by  boiling  the  bromo-acid  with  an 
aqueous  solution  of  sodium  carbonate  for  some  hoars  under  a  reflux 
condenser.  The  solution  was  then  concentrated,  cooled,  acidified  with 
sulphurie  add,  and  shaken  several  times  with  ether.  The  ethereal 
solution  was  washed  with  water  and  dried  with  calcium  chloride^  the 
ether  distilled  off,  and  the  rseidue  was  heated  with  water.  Most 
of  it  passed  into  solution,  but  a  small  portion  remained  undissolved, 
and  was  separated  by  filtration;  from  the  filtrate,  on  cooling,  the 
hydroxy-aeid  separated  in  a  crystalline  state,  and  was  purified  by 
several  crystallisations  from  water. 

The  hydroxy-aeidt  CqH,^(0H)*C02H,  crystallises  in  small,  coloarleas 
prisms,  which  melt  at  227°.  It  is  extremely  easily  soluble  in  akohol, 
fairly  so  in  water,  and  almost  insoluble  in  light  petrolettm.  When 
heated  with  insufficient  water  for  solution,  it  melts  and  forms  oily  drops : 

0-1884  gave  0-4486  CO,  and  0-1520  K.A    C  =  64-9  ;  H  =  8-9. 
0-1668    „    0*3956  CO2  „  0  1305  H^O.    C  =  64-8 ;  H-8-7. 
CioHi^Og  requires  0-66*2  i  H-8-7  per  cent. 

Tlio  sodium  salt  forms  colourless  crystals,  which  are  readily 
soluble  in  water  ;  the  silver  salt  is  obtained  as  a  sparingly  soluble, 
white,  crystalline  precipitate. 
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When  boiled  with  lead  peroxide  and  a  little  water,  the  hjdrozy^Mid 
does  not  jrield  a  ketone^  but  is  oonverted  into  the  lead  salt  of  another 
aoid,  of  whieh  the  quantity  available  was  too  small  to  permit  of 
ozamination. 

The  erystalline  eomponnd,  whieh  was  prodooed  along  with  the 
btomo-acid  and  was  separated  from  the  latter  by  its  insolnlnlity  in 
sold  aqoeons' sodium  oarbonate,  was  purified  by  cryatallisation  from 
aloohoL  It  crystallises  in  minute^  colourless  prisms,  which  melt  at 
173*^,  and  is  rather  sparingly  solnble  in  alcohol  and  insoluble  in  water. 
It  is  neutral  in  character,  and  on  analysis  it  gave  results  which 
coirespond  fairly  with  those  demanded  by  the  foiinula  CjoHjjOBr  : 

0-2476  gave  0  4710  CO,  and  0  1332  H^O.    0-61-9  ;  H«6'0. 
0-1862    „    0  1524  AgBr.    Br  =  34-8. 

CioHigOBr  requires  0  =  52  4  ;  H-5-7  ;  Br  =  34-9  per  cent. 

Owing  to  the  small  quantity  in  oar  hands*  we  were  not  able  to 
examine  this  compound  more  fully. 

As  stated  above,  another  acid  is  formed  in  small  quantity  along  with 
the  hydrozy-acid  when  the  bromo^d  is  boiled  with  aqueous  sodium 
carbcnate*  This  add  was  easily  separated  from  the  hydrozy-add,  as  it 
is  insoluble  in  water,  and  was  puriiied  by  crystallisation  from  alcohol, 
in  which  it  is  rather  sparingly  soluble.  It  forms  silvery  leaflets,  which 
melt  at  144^  and  it  appears  to  have  the  compcsition  Oi^Hi^O^ : 

0-1200  gave  0*3164  00,  and  0*0956  H,0.   0-71*9  Ha8'8. 
CioHi^Oj  requires  0«72'8 ;  H»  8*4  per  cent. 

The  «t/i?cr  salt  of  this  acid  crystallisea  from  water,  in  which  it  is  very 
sparingly  soluble,  in  colourless  needles : 

0-0680  gave  0  0268  Ag.    Ag  =  39-4. 

0||)H|gOgAg  requires  Ag  =  39*6  per  cent. 

The  KUoM,  OgHi^O. 

Owing  to  the  difficulties  met  with  in  purifying  the  small  quantity 
of  the  substance  then  at  our  dispoaal,  the  analyses  of  the  ketone  quoted 
in  the  first  paper  on  this  subject  (he,  dt,),  which  pointed  to  the 
formula  Oj^^H^^O,  were  open  to  suspicion,  even  although  the  determina- 
tions of  the  percentage  M  nitrogen  in  its  semicarbasone  also  supported 
that  formula.  By  the  oxidation  of  fresh  quantities  of  pinene,  a  larger 
supply  of  the  ketone  was  obtained,  and  was  first  purified  in  the  manner 
alrsady  described,  and  then  repeatedly  distilled,  first  under  diminished 
and  ultimately  at  atmospheric  pressure,  until  a  fraction  of  quite 
constant  boiling  point  was  separated.  The  pure  ketone  thus  obtained 
boils  at  201) — 210°  under  a  pressure  of  757  mm.  A  number  of  closely- 
agreeing  analyses,  of  which  two  are  quoted  below,  showed  that  the 
formula  of  the  ketone  is  0aH,.O : 
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0'1503  gave  0-4304  CO.^  and  0  1400  1120.    C  =  7H1  ;  H-  lO  S. 
0-1612    „.   0-4608  CO3  and  0-1528  H2O.    C  =  78  0  ;  H  =.  lO'S. 
CgHj^O  requires  C  =  78  3  ;  H  =  10  1  per  cent. 

Detemunations  of  the  molecular  weight  of  the  ketone  bj  the 
eryoeoopie  method  gave  sunilar  results : 

0-2350  in  dO-82  aoetio  add  gave  AI-0*22<>.  Mol.  wt.-l$6. 
01635  „  27-88      „      „       „    -O  ir.        „  -13i. 

O^Uifi  requires  MoL  wt. » 138. 

The  semieurbaione  of  the  ketone,  it  is  true,  was  fonnd  to  contain 
only  20*5  per  cent,  of  nitrogen,  whilst  a  semioarbazone  of  the  formula 

CjoHj^ONg  should  contain  21*5  per  cent.  On  tho  other  hand,  the 
analysis  of  the  alcohol  obtained  by  reduction  of  the  ketone  confirms 
the  conclusion  that  the  formula  of  the  latter  is  CgH^^O. 

Pr«par(Uicn  of  the  Alcohol,  CgHj^'OH. 

A  solution  of  the  ketone  in  alcohol  was  heated  to  boiling  under  a 
reflux  condenser,  and  twice  the  theoretical  quantity  of  sodium  was 
gradually  added.  The  liquid  after  cooling  was  mixed  with  water  and 
almost  completely  neutralised  with  acetic  acid,  and  the  bulk  of  the 
alcohol  was  then  distilled  off.  Tho  residual  liquid  was  shaken  several 
times  with  ether,  and  the  ethereal  .solution  was  washed  with  water 
and  dried  with  anhydrous  magnesium  sulphate.  After  removal  of  the 
ether  by  distillation,  the  oily  liquid  which  remained  was  fractionally 
distilled  under  diminished  pressure ;  after  several  fractionations,  the 
greater  part  distilled  at  a  constant  temperature. 

The  alcoJioly  Cr^H^^'OH,  is  a  colourless,  rather  viscid  liquid,  with  an 
odour  somewhat  like  that  of  pinene.  It  boils  at  147 — 148*^  under  a 
pressure  of  90  mm.  It  does  not  mix  with  water,  but  is  freely  soluble 
in  aloohol  or  ether.  It  is  unsaturated,  uniting  with  two  atomic 
proportions  of  bromine  to  form  an  additive  compound,  which, 
however,  is  unstable  and  quickly  decomposes  with  evolution  of 
hydrogen  bromide : 

03226  gave  0-9126  CO,  and  0*3274  H,0.   6«7M  ;  H-11'4. 
0*3660   „   1*0362  00,   „  0*3776  H,0.   0-77*2;  Hs  11*5. 
CgHjgO  requires  0«»77*l  ;  H  — 11*4  per  cent. 

Tho  phenylurethaiie,  Cj,HjrjO*CO'NHPh,  was  obtained  by  heating 
the  alcohol  with  phenylcarbimide  and  recrystallising  the  product 
several  times  from  dilute  alcoliol.  It  crystallises  in  colourless, 
lustrous  prisms,  which  melt  at  96°,  and  is  very  readily  soluble  in 
alcohol  or  ether,  but  insoluble  in  water : 

0-2658  gave  13-2  c.c.  nitrogen  at  18^  and  766  mni«  N«5*8. 
Cj^Us^O^N  requires  N  =  &  -4  per  cent. 

Several  different  methods  of  preparing  a  benzoate  and  an  acetate 
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from  the  alcohol  wm  tried,  but  satisfactory  products  were  not 
obtained.  On  the  other  hand,  a  crystalline  acid  phlhalic  etUr, 
OOJ&'CJEL^'OO^'OgU.^^,  was  easily  produoed.  Equal  weights  of  the 
aloohol  and  of  finely-powdered  phthalle  anhydride  were  mixed  with 
a  little  benaene  and  heated  for  some  hours  on  the  water-bath  under  a 
reflux  oondenser.  The  mixture  was  then  poured  into  erushed  ioe, 
sodium  carbonate  was  added  in  slight  excess^  and  the  insoluble 
portion  removed  by  filtration.  The  filtrate  was  acidified  with  dilute 
salphuiio  aeid  and  shaken  several  times  with  ether.  The  ethereal 
solution  was  washed  and  dried,  the  ether  removed  by  distillation,  and 
the  solid  residue  which  remained  was  purified  by  several  crystallisa- 
tions from  light  petroleum. 

The  ester  obtained  in  this  way  crystallises  in  silvery  leaflets  which 
melt  at  107^.  It  is  very  readily  soluble  in  alcohol  or  ether,  sparingly 
so  in  light  petroleum,  and  insoluble  in  water : 

0-2398  gave  0*6246  CO,  and  0  1598  HoO.    C  =  70  9  ;  H  =  7  i. 
Cj^HjqO^  requires  C  =  70*8  ;  H  =  6  9  per  cent. 

When  treated  with  cold  aqueous  sodium  carbonate,  it  passes  readily 
into  soltttiony  forming  a  colourless  sodium  salt. 

Pr^MTtttion  of  l/is  AnUno,  CgHjg'KHj. 

A  mixture  of  the  ketone  with  twice  its  weight  of  dry  ammonium 
formate  was  heated  in  a  sealed  tube  at  165*^  for  twelve  hours.  After 
cooling,  the  contents  of  the  tube  were  extracted  with  water  and  with 
ether,  the  ethereal  solution  was  separated,  evaporated,  and  the  residue, 
which  consisted  for  the  most  part  of  the  formyl  derivative  of  the 
amine,  was  hydrolysed  by  heating  with  an  alcoholic  solution  of 
potassium  hydroxide  under  a  reflux  condenser  for  about  fifteen  hours. 
After  adding  water  to  the  solution,  the  amine  was  extracted  by  means 
of  ether,  and  then  removed  from  the  ethereal  solution  by  agitation 
with  dilute  hydrochloric  acid.  The  solution  of  the  hydrochloride  was 
mixed  with  excess  of  potassium  hydroxide,  and  the  liberated  amine 
was  distilled  in  a  current  of  steam  and  extracted  from  the  distillate 
with  ether.  The  ethereal  solution  was  dried  with  potassium  hydroxide, 
and  then  saturated  with  dry  hydrogen  chloride.  The  crystalline 
precipitate  of  the  hydrochloride  of  the  amine  which  separated  was 
purified  by  solution  in  alcohol  and  precipitation  with  ether,  and  from 
the  pure  salt  the  amine  was  obtained  by  addition  of  potassium 
hydroxide  and  distillation  with  steam. 

The  amin&,  GgHu'NHi,  is  a  colourless  oily  liquid  with  a  strong 
disagreeable  odour  and  an  alkiUine  reaction.  It  is  almost  insoluble  in 
water,  but  easily  soluble  in  alcohol  or  ether,  and  it  volatilises  readily 
in  steam.   Unfortunately,  the  quantity  of  this  compound  obtained 
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was  too  small  to  permit  of  the  deiennination  of  its  physical 
oonstants. 

The  hydrochloride  of  the  amine,  CfH^^NH^^HOl,  crystalliaes  in 
white,  silky  needles.  It  is  extremely  easily  solohle  in  water  or  alcohol, 
but  neariy  insolable  in  ether.  On  heating,  it  decomposes  withoat 
melting,  ammonium  chloride  being  formed.  The  percentage  of 
hydrogen  ohloride  in  the  salt  was  determined,  and  the  result  agreed 
well  with  that  required  by  the  formula,  although  the  quantity  taken 
for  analysis  was  of  necessity  very  small. 

The  platinicfdoride  of  the  amine,  (CQHl,J•NH2)2,HJPtCl<^,  crystallises 
in  pale  yellow  leaflets,  and  is  fairly  readily  soluble  in  water : 

0-2438  gave  0*0702  Pt.    Pt  =  28-8. 

Qyfi^fiX^t  requires  Pt  =-  28  4  per  cent. 

Preparation  qf  the  Compound  G^qK^OOI, 

The  small  quantities  of  a  substance  of  higher  boiling  point,  which 
were  eeparated  in  the  process  of  purifying  several  different  preparations 
of  the  ketone*  were  mixed  and  subjected  to  fractional  distillation  under 
a  pressure  of  40  mm.  in  an  atmosphere  of  dry  carbon  dioxide.  The 
portion  which  distilled  at  160 — 165^  solidified  on  cooling  to  a  pasty 
mass.  Ekom  this  product,  the  oily  portion  was  separated  as  completely 
a  possible  by  the  aid  of  the  pump^  and  the  solid  residue  was  drained 
on  a  porous  plate,  being  then  purified  by  several  crystallisations 
'  from  light  petroleum.  Further  Fractionations  of  the  oily  portion 
yielded  an  additional  quantity  of  the  crystalline  compound. 

The  compound  CjqH^^OOI  is  a  snow-white,  cry8t4illine  solid  with  a 
slight  odour.  It  melts  at  IGb^,  and  when  heated  above  its  melting 
point  at  atmosp'neric  pressure  it  is  decomposed  with  formation  of  water, 
hydrogen  chloride,  and  oily  substances.  Slight  decomposition  also 
occurs  when  it  is  heated  under  diminished  pressure,  similar 
decomposition  products  being  formed  in  small  quantity.  It  is  in- 
soluble in  water,  but  very  readily  soluble  in  alcohol,  ether,  or  light 
petroleum  : 

0-2074  gave  0  4932  CO.^  and  0  1508  H,0.    C-64-7;  H-8'1. 

0-2030    „    0-1572  AgCI.    01  =  19-1. 

CioHuOCi  requires  G»fi4-4;  H- 8-0 ;  01-19*0  per  cent. 

It  was  found  that  this  chlorinated  oxidation  product  did  not  yield 
either  an  oxime  or  a  eemicarbasone,  at  least  under  usual  conditions,  and 
that  it  is  very  inert  towards  a  number  of  other  reagents.  It  is  not 
decomposed  by  boiling  water,  and  is  scarcely  affected  when  heated  with 
moist  silver  oxide,  or  with  silver  acetate  in  presence  of  alcohol,  or  with 
a  concentrated  alcoholic  solution  of  potassium  hydroxide.  However, 
it  is  slowly  attacked  by  sodium  ^hoadde  in  hot  alcoholic  solution^  and 
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the  following  method  of  treatment  was  adopted.  Sodium  was  added 
gradually  to  a  concentrated  alcoholic  solution  of  the  compound,  which 
was  tlieu  boiled  under  a  reOuz  condenser  for  a  conniderable  period. 
Sodium  chloride  slowly  separated,  and,  when  the  reaction  appeared  to 
be  at  an  end,  water  was  added  and  the  mixture  was  »h  »ken  several 
times  with  ether.  The  ethereal  solution  was  separated,  waslipd  with 
water,  and  dried  with  calcium  chloride,  and  afttr  remov^al  ot  the  ether 
there  remained  a  yellow,  crystalline  solid  with  a  very  strong'  odour  like 
that  of  camphor.  As  this  substance  was  found  still  to  contain  some 
chlorine,  the  treatment  with  Bodium  and  alcohol  was  repeated  several 
times.  Finally,  the  product,  separated  as  described,  was  puriHed  by 
distillation  in  a  current  of  steam  and  by  crystallisation  from  dilute 
alcohol.  In  this  way,  a  small  quantity  of  a  compound  which  contained 
no  chlorine  was  obtained.  It  crystallises  in  small  ooloorless  prisms, 
which  melt  at  about  165^,  and  has  a  very  strong  odour,  somewhat  like 
that  of  camphor.  It  is  very  readily  soluble  in  the  usual  organic 
solvents,  and  it  volatilises  very  easily  in  a  current  of  steam.  The 
quantity  in  oar  hands  was  insoffici^t  for  analysis. 

We  desire  to  express  onr  thanks  to  the  Gommittee  of  the  Gamegie 
Trust  for  a  grant  which  defrayed  the  expenses,  and  to  Mr.  James  D. 
FdMer  for  assistanoe  in  part  of  the  work. 

CUKMISTBY  DfiPAKTkI£NT, 
TBB  OlASOOW  AMD  WXST  OW  BOOTLAMD  TMHHIOAL  OoUMO, 


XXVIII.— 2%6  Effect  of  CanstUutian  on  the  Batatory 
Power  <)f  Optically  Active  Ammonium  Com' 
pounds.    Fart  II. 

By  HmcrasBT  Own  Joins  and  JoBir  RoBmnsAW  Hill. 

In  a  former  communication  (Trans.,  1906,  89,  282)  by  Miss  M.  B. 
Thomas  and  one  of  us,  the  determination  of  the  value  of  the  rotatory 
powers  of  the  ions  of  ten  substituted  ammonium  compounds  was 
described.  These  compounds  formed  two  sets  of  five,  all  owing  their 
activity  to  the  presence  of  an  asymmetric  nitrogen  atom  attached  to 
four  alkyl  groups ;  in  ono  set,  the  phenyl,  methyl,  and  benzyl  groups 
were  present  together  with  one  of  the  following  alkyl  groups  :  ethyl, 
n-  or  i«a-propyl,  Mobutyl  or  tsoamyl  ;  in  the  other  set  of  iive  compounds, 
the  benzyl  group  was  replaced  by  the  allyl  group. 
The  results  obtained  were  discussed  with  reference  to  Quye's 
VOL.  XCIU.  X 
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hypothesis  as  applied  to  the  quiuquevaleut  nitrogen  atom,  and  it 
ms  decided  that  further  experiments  were  necessary  before  deciding 
how  far  the  hyf>othe8is  applied. 

The  present  paper  contains  an  account  of  the  Malta  obtained 
in  the  examination  of  a  set  of  five  substituted  ammonium  compounds 
containing  the  groups:  |>>bromophenyl,  methyl,  and  allyl,  together 
with  one  of  the  homologous  groups,  ethyl,  71-  6r  tso-propylf  ifobutyl  or 
uoaiiyl.  This  set  therefore  differs  from  the  second  s&t  mentioned 
above  by  the  introduction  of  a  bromine  atom,  into  the  phenyl 
group.  •  . 

The  Bubstitated  bromoanilinea  used  were  all  new  except  one ;  their 
preparation  and  propertiee  have  already  been;  described  elsewhere 
by  one  of  us  (Hill,  Proe.  Cmnb,  PhU.  ^oc.,  1907,  14,  166),  and  it 
has  also  been  shown  (Hill,  ibid.t  351)  that  ^he  bromine  atom  bad 
entered  the  bensene  ring  in  the  para-position  with  respect  to  the 
nitrogen  atom. 

The  methods  adopted  for  the  resolution  of  the  compounds  and  the 
mode  of  determining  the  rotatory  power  of  the  ion  of  the  substituted 

ammonium  salt  has  already  been  fully  described  in  the  former  paper 

on  this  subjoct  {loc.  cit.). 

\hBromophenylrmthylethylallylainmoiixum  iodide  was  deposited  rapidly 
from  a  mixture  of  ;>-bromouiethylethylaniline  and  allyl  iodide  in 
equimolecular  proportions.  After  recrystallising  repeatedly  from 
alcohol,  it  formed  colourless,  stout  prisms  melting  at  151° : 

0*2248  gave  0*3100  00,  and  0*0900  H,0.   C  «  37*6 ;  H  -  4*4. 
0,,H|7NBrI  requires  0»37*7 ;  H»4'45  per  cent." 

^- Bromophenylmeth  ylethylcdlylaimnonium  d-camphoi'sulpJionaie  was 
prepared  in  the  iisual  way  by  mixing  equivalent  quantities  of  tho 
substituted  ammonium  iodide  and  silver  camphorsulphonate  and 
boiling  for  some  time  with  ethyl  acetato  and  alcohol.  After  filtering 
and  removing  the  solvent  by  evaporating  on  a  wator-bath,  the  residue 
was  allowed  to  stand  in  a  desiccator,  when  the  (/-camphorsulplionate 
readily  crystallised.  It  was  recrystaliised  repeatedly  from  acetone, 
and  then  melted  at  153°. 

After  three  recrystallisations,  0  2226  gram  dissolved  in  15*298 
grams  of  water  gave  a  rotation  of  0*32°  ;  hence  [  M]n  +63'4^.* 

After  six  recrystallisations,  0*2175  gram  in  15*30  grams  of  water 
gave  a  rotation  of  0*25° ;  hence  [M]i,  +  42*7°. 

After  nine  recrystallisations,  0*2920  gram  in  14*99  grams  of/ water 
gave  a  rotation  of  0*362°;  hence  [M]i>  +45*2°. 

*  All  the  determinations  of  rotatory  |>owei  included  iu  litis  pupei  were  made  iu 
2>dcm.  tubes  with  a  Iiandolt*Lippioh  triple  field  polarimeter,  ami,  nnleas  ttited 
othsrwise,  ths  tampeiatnre  wss  spproadmttQly  15*. 
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The  iodide  precipitated  from  this  solution  by  the  addition  of 
potassium  iodide  gave  a  solation  in  aloohol  which  was  inactive. 

Thus  the  camphorsulphonate  remains  nnreaolved  on  veerystaUisa- 
tion  from  acetone. 

It  was  afterwards  recrystallised  from  smjl  acetate  at  100^.  After 
three  or  foor  reor^stallisations,  0*2154  gram  dissolved  in  16*64  grams 
of  water  gave  a  rotatloit  of  0*28®;  hence  [M]^  -fiV®* 

Thos  the  lotatory  power  is  not  changed  bj  reorystallising  from 
amyl  acetate  at' 100^; 

was  prepared  bj  the  interaction  of  eqnimolecnlar  proportions  of  silver 
fl-bromocamphorsnlpfaonate  and  the  iodide  in 'boiling  acetooe.  The 
solation  was  filtered,  evaporated  on  a  water-bath,  and  allowed  to  stand 
in  a  vacuum  desioeator,  when  it  crystallised  after  some  time.  Attempts 
were  made  to  recrjstalHse  it  from  a  large  number  of  solvents  and 
mixtures  of  solvents,  but  it  invariably  separated  as  an  oil.  It  was 
next  fractionally  precipitated  from  acetone  solution  by  the  addition  of 
light  petroleum.  This  was  done  aix  times,  but  it  still  did  not  crystal- 
lise, and  the  iodide  precipitated  from  a  portion  was  found  to  be 
inactive. 

TLe  >.\lL  of  xVrmstiong  and  Lowry's  bromocumphorsulphouic  acid 
wiis  also  prepared,  but  was  not  obtained  crystalline. 

Since  it  had  been  shown  by  Miss  Ifomer  (Proc.  Camb.  Phil.  Soc^  1907, 
14, 196)  that  asymmetric  nitrogen  compounds  can  be  resolved  by  meana 
of  tartRric  acid,  it  wan  decided  to  try  this  acid  in  tliis  case. 

p  Brotnopheni/lmethi/lelhylallylammonium  hydrogen  d-tartrate  was 
tlierefore  prepared  in  the  following  way.  The  iodide  was  dissolved 
in  a  mixture  of  alcohol  and  water,  and  slight  excess  of  silver  oxide 
added.  After  warming  and  allowing  to  stand  for  a  Hhort  time, 
the  solution  was  filtered  from  silver  iodide,  and  an  aqueous  solu- 
tion of  the  calculated  quantity  of  (/-tartaric  acid  was  added. 
After  evaporating  the  solution  on  a  water-bath  and  allowing  to 
ttand  in  a  d^iccator,  the  tartrate  crystallised.  Some  difficulty  was 
experienced  in  finding  a  solvent  from  which  the  tartrate  could  be 
recrystallised,  but  eventually  a  mixture  of  aloohol  and  amyl  acetate 
was  found  to  answer  the  purpose.  Afterwards,  as  purification  of  the 
tartrate  proceeded,  alcohol  alone  or  a  mixture  of  aloohol  and  ethyl 
acetate  was  used. 

Analyses  of  the  tartrate  dried  over  sulphuric  acid  in  a  desiccator, 
gave  the  following  results : 

0*2596  gave  0*4200  CX>,  and  0  1298  H,0.   0   44*10 ;  H -6-6. 

01968   „  0*3190  00«  „  01031  H^O.   0  -  44*20;  H« 6*82. 
CieH^O^NBr  requires  0- 47*62 ;  H»6*46  per  cent. 
Ci0H2,OsNBr,2H<2O  requires  0-43*64 ;  H -6*91  per  cent 
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The  tartrate  melts  at  about  75°  to  a  cloudy  liquid,  which  effervesces 
ftt  about  110°  and  becomes  clear. 

Thus  it  appears  that  the  salt  contains  two  molecules  of  water  of 
crystallisation,  the  high  results  obtained  for  carbon  probably  being 
due  to  drying  over  sulphuric  acid.  It  is  remarkable  that  a  salt 
should  retain  water  of  crystallisation  in  alcoholic  solution,  but  other 
case.<<  of  tlic  same  kind  have  been  observed  by  us  and  by  others. 

An  attempt  was  made  to  estimate  the  percentage  of  water  by 
heatiDg  the  tartrate  to  105°,  but  the  weight  decreased  veey  slowly  and 
continued  to  do  so  indefinitelyi  showing  that  deoompoeition  takes  place 
at  this  temperatare. 

After  five  reorystallisations,  0*2435  gram  of  tartrate,  dissolved  in 
15*52  grams  of  water,  gave  ap  •1*0*21®;  hence  [a]D+6*4*'  and 

After  seven  reerystallisations,  0'2024  gram  in  15*30  grams  of  water 
gave  tto-i- 018^;  hence  [a]o-l-4*9'>  and  [MJd  +  IQ'S*. 

After  ten  reerystallisations,  0*3472  gram  in  15*70  gtams  of  water 
gaveaD4-0*09<>;  henoe  [a]i>-l-2'8e^  and  [M]d-i-11*5^ 

After  foarteen  reerystallisations,  0-2467  gram  in  15*31  grams  of 
water  gave  ao+0'09® ;  hence  [a]i>  +  2*8**  and  [M]i>  + 11*3®. 

After  seventeen  recrystallisationii,  0*2218  gram  in  15*21  grams  of 
water  gave     +  0*07**  and  [  M  ]d  +  9 '7°. 

Further  recrystallisation  did  not  seem  to  effect  any  measurable 
change. 

The  [M]d  for  Ci,3H.^.p^NBr,2H,0,  which  corresponds  with  [M]p  10° 
for  CigHjjOgNBr,  is  10-9°. 

Taking  [MJ^  for  the  iou  C^H^OgH  a.s  42",  from  the  results  of 
Landolt  on  ammonium  hydrogen  tartrate,  we  get  [M  for  the  ion 
CjH^Br-CH3-C2H5-U3Hj,-N-  as  about  -  SI"*. 

The  results  on  the  whole  are  not  very  satisfactory,  since  the 
obsorved  rotatory  power  is  too  email  to  enable  us  to  determine  whether 
the  rotatory  power  is  really  constant,  and  a  determiiuition  of  tlio 
influence  of  temperature  on  the  rotatory  power  is  a  hopeless  task  with 
such  small  readings.  Attempts  are  being  made  to  resolve  this 
compound  by  means  of  other  acids,  in  the  hope  of  obtaining  more 
satisfactory  results. 

The  active  iodide  recovered  from  the  tartrate  melted  at  142 — 143°, 
and  was  Isevorotatory.  So  little  of  the  iodide  was  obtained  that 
trustworthy  determinations  of  the  rotatory  power  couM  not  be  madOi 
but  [M]o  appears  to  be  about  -20°;  [M]i>  for  the  same  specimen  in 
chloroform  was  -  26 '6^,  and  autoracemisation  occurred. 

P'^romophmytfMtkj^'U'propjflaUylamfium^  iodicU  was  readily 
deposited  in  a  crystalline  state  from  a  miztore  of  p-faromomethylethyl- 
aniline  and  allyl  iodide  in  equimoleenlar  proportions.  The  salt  was 
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readily  reeiyBteUiMd  from  aloohol,  and  aeparated  in  thin,  oolonriMB 
plfttofl,  vraallj  hexagonal  in  shape,  which  melted  at  140^ : 

0  2002  gave  0  2905  COj  and  0-0874  Hp.    0  =  39  5;  H  =  4-85.  * 
CijHjgNBrI  requires  C  =  39*4  ;  H=  4'80  per  cent. 

i^BrwMphenylmAihyl-n'propj^aU  d-eamphorstUphonate 
was  prepared  in  the  usual  way,  and  was  found  to  erjstallise  readily* 
When  reerystallised  repeatedly  from  either  hot  or  cold  ethyl  acetate, 
it  was  foond  that  the  rotatory  power  of  the  salt  in  aqneons  aolntion 
did  DOt  ohanga  appreeiably>  and  did  not  differ  much  from  that  of  the 
acid  ion,  as  may  he  seen  from  the  following  determination ; 

0*3061  gram  in  12*736  grams  of  solution  gave  ai>  +  0'51°;  hence 

[o]d  +10-6°  and  [M]d  +53-0°. 

The  camphorsulplionate  melts  at  161 — 162^,  but  was  not  further 
examined,  as  the  desired  resolution  was  effected  readily  by  means  of 
the  bromocamphor8ulphoDate» 

^Brcmoph^nylmethyl-n-prvpi^aUylamtmn^  d-hromocamphoreut' 
pkonate  was  prepared  in  the  usnal  way,  and  was  found  to  crystallise 
after  standing  for  some  time  in  a  vacuum  desiccator.  The  salt  was  crys< 
tallised  at  first  from  acetone  and  a  little  toluene^  then,  as  its  solubility 
in  acetone  diminished,  acetone  alone  was  need,  and  finally,  in  some 
cases  only,  acetone  containing  a  trace  of  alcohol  was  nsed  as  eolvent 

The  melting  point  of  the  salt  rose  gradually,  until  it  became 
constuit  at  159— >160^,  and  the  molecular  rotatory  power  of  the  salt 
also  increased  and  became  constant  at  416^  after  about  three  or  four 
cryatallisations.   Analysis  of  the  salt  gave  the  following  result  : 

0-2173  gave  0  3825  CO.  and  0  1145  H2O.    C  =  48  0  ;  H  =  5'85. 
CjjjHjjO^NBrjS  requires  0  =  47*8  ;  H-5-70  per  cent. 

Since  the  rotatory  power  of  the  basic  ion  in  this  salt  proves  to  be 
less  than  that  of  the  corresponding  Mopropyl  ion,  and  in  the  corre- 
sponding phenyl  series  previously  described  {he,  p.  297)  the 
rotatory  powers  of  the  n-  and  Mo-propyl  compounds  were  almost 
identical,  special  precautions  were  taken  to  see  that  the  resolution 
was  complete.  The  salt  was  resolved  on  three  separate  occasions,  and 
cold  and  hot  acetone  with  and  without  alcohol  used  as  solvent,  but  in 
all  cases  the  same  result  was  obtained. 

The  following  experiments  sulfloe  to  prove  that  the  separation  is  as 
complete  as  possible : 

After  three  oystallisattons,  0*1180  gram  in  11*269  grams  of 
solution  gave     +1*61**;  hence  [a]^  +72*1^  and  [M]d  +417°. 

After  two  further  crystallisations  from  cold  acetone,  0*1180  gram 
in  11*621  grams  of  solution  gave  oo  +1'46° ;  hence  [a]o  +71*9°  and 
[M]„+416° 
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After  two  farther  orystallisatioiis  from  warm  aoetone»  oontainiiig  a 
tnuse  of  alcohol,  0*1581  gram  in  11*235  grams  of  eolation  gave 
•  a„  +2  00°;  heDce[«]o  +7.10«and  [M]»  +412«». 

These  determinations  and  several  otliers  were  carried  out  at  the 
ordinary  temperature  of  about  15°,  and  show  that  the  molecular 
rotatory  power  of  the  salt  may  be  taken  as  416°  at  this  tenaperature  ; 
taking  that  of  the  acid  ion  as  275°,  the  molecular  rotatory  power  of 
the  basic  ion  is  obtained  as  141°. 

The  influence  of  temperature  on  the  rotatory  power  was  then 
determined  on  a  specimen  of  salt  which  gave  a  value  of  [MJq  •¥  41 7^ 
at  15^ 

0*1790  Gram  in  16*022  grams  of  eolation  gave  the  following  results 
(the  stlt  is  rather  spariogly  solable  in  water,  and  this  solution  was 
practically  satarafeed) : 


m.. 

420* 

[M]»  for  basic  ion. 

e* 

1-62° 

148" 

12 

1-61 

72-0 

417 

143 

26 

1*00 

71*6 

414 

184 

45 

1*66 

70*6 

409 

120 

The  densities  in  all  these  dilute  solutions  are  practically  identical 
with  those  of  water  at  the  same  temperature. 

d'l^-Bromophenylmethi/l-n-jrropylallylavimonium  iodide  was  precipi- 
tated as  colourless  plates  on  the  addition  of  a  very  concentrated 
potassium  iodide  solution  to  the  saturated  solution  of  the  bromocamphor- 
sulphonate.  On  account  of  the  sparing  solubility  of  the  latter  salt,  only 
a  small  proportion  of  the  iodide  could  be  obtained. 

The  active  iodide  melts  at  142 — 143°,  whether  taken  as  precipitated 
or  after  crystallising  from  cold  alcohol. 

Determinations  of  its  rotatory  power  were  made  in  solution  in 
alcohol  and  in  chloroform  ;  the  iodide  is  very  sparingly  soluble  in  the 
latter  solvent,  so  that  good  values  could  not  be  obtained.  The  active 
iodide,  like  all  those  hitherto  examined,  undergoes  autoraoemisation  io 
chloroform. 

In  ethyl  alcohol  at  15^ : 

01 18  gram  in  9-377  grams  of  solution  gave  ai>  +0*73°  (density** 
0-810);  hence  [a]D  4- 35-8°  and  [M]d  +142° 

0122  gram  in'9*661  grama  of  solution  gave  ao  +0  76°  (density^ 
0-811);  hence  [o]i,  +37  rand[M]o  +147^ 

0*118  gram  in  9*270  grams  of  solution  gave  +  0*75*^  (density  => 
O'SIO)  i  hence  [ajp  +  36*4°  and  [Mjo  + 144° 

The  value  of  the  mdecnlar  rotatory  power  in  ethyl  alcohol  may 
therefore  be  taken  as  144^ 
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In  chloroform : 

0*0781  gnm  in  16*85  grams  of  solution  gave  +0-80^  (density « 
1-494);  henoe[a],»  +57*9°  and  [M]a  +229o. 

0*1080  gram  in  16*532  grams  of  solution  gave  + 1*10°  (density  » 
1*500) ;  hence  [ajo  +56*3''  and  [M]d  +222^ 

Ik'ijce  we  may  take  the  value  of  to  be  about  226°  in  chloro- 

form, a  value  rather  uQusuallj  large  compared  with  that  obtained  in 
alcohol. 

The  rotatory  power  of  these  chloroform  solutions  fell  to  about  three- 
fourths  value  in  four  hours,  nine-sixteenths  in  nine  hours,  and  became 
almost  inactive  in  about  forty-eight  boura  and  quite  inactiye  between 
forty-eight  and  seventy-two  liouis. 

p- Brornopheni/lmethj/lifiOjyropi/laUi/lammonhiiii  iodide. — A  mixture  of 
the  calculated  quantities  of  /)-bromomethyli«opropylaniUne  and  allyl 
iodide  gradually  deposited  crystals  of  the  quaternary  iodide  on  standing. 
After  recrystallieing  several  times  from  alcohol,  the  salt  formed  colour- 
les«,  reotangnlar  prisms  or  rhombs,  melung  at  153° : 

0*2142  gave  0*3075  GO,  and  0  0978  H^O.  0  -  39*15 ;  H  «  5*07. 
0„H,9NBrI  requires  C->39'4 ;  H-4*80  per  cent. 

i^BromophmylimUiyh^opropylallylanmomum  d-ceNN|iAortiJ|pAofiato  was 
prepared  by  heating  together  calculated  quantiUes  of  the  iodide  and 
silver  <^camphorsttlphonate  with  moist  acetone.  After  filtering  off  the 
silver  iodide,  the  acetone  was  evaporated,  aod  the  salt  crystallised  readily 
on  standing  a  very  short  time.  The  camphorsnlphonate  was  first 
recrystallised  a  few  times  from  a  mixture  of  acetone  and  toluene, 
then  from  acetone  alone,  and  finally,  as  it  became  less  soluble,  from 
acetone  and  water. 

After  nine  recrystallisations,  0  2248  gram  of  the  salt  in  li>  4  grams 
solution  gave  ai>  -  0  01^  •  hence  [M]i,  —  1*7°. 

After  twelve  recrystallisations,  0*2560  gram  in  16*46  gramsof  solution 
gave  ttD  -0*02°  ;  hence  [M]i,  -  3  2^. 

After  four  more  recrystallisations,  0*2272  gram  in  15'28  grams  of 
lioi ut ion  gave  ttu  -0*11°;  hence  [M]d  -18*5°. 

Thus  it  appeared  that  the  IBdA  salt  was  being  isolated,  but  the 
rotatory  power  was  not  yet  constant,  and  it  was  clear  that  large 
quantities  of  the  salt  would  have  to  be  worked  up.   The  salt  melted 


0*1760  gave  0-3572  CO2  and  0  1087  Wfi.    C  =  55*36  j  H«6*86. 
OisHs^O^NBrS  requires  0-55  20 ;  U- 6*8  per  cent. 

Some  time  later,  another  attempt  was  made  to  resolve  this  salt.  The 
salt  liom  the  mother  liqom  together  with  same  freshly-prepared  salt 
was  recrystallised  from  acetone  and  a  few  drops  of  alcohol,  as  it  was  so 
sparingly  soluble  in  acetone  alone.   The  salt  was  now  found  to  be 


at  163°: 
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strongly  dezbrorotatory,  and  it  therefore  appeared  that  the  dBdA  nit 
was  being  obtained. 

After  sis  recrystallisationB,  0*2206  gram  in  14*83  grams  of  water 
gave  od  + 1*28°;  hence  +211^*2^ 

After  eight  fecrystalliaations,  0*2472  gram  in  14*85  grams  of  water 
ga^e  ao  + 1-41° ;  hence  [M]i>  +  212°. 

After  ten  recrystallisations,  0*1977  gram  in  14*88  grams  of  water 
gave  o„  4-  1-13°;  hence  4-212-7°. 

Tims  it  appears  that  the  molecular  rotatory  power  becomes  con- 
Htant  at  about  213°.  This  gives  the  value  of  [M]j)  for  the  ba&ic  ion 
as  16P. 

We  have  not  yet  been  able  to  find  the  explanation  of  the«ie  coriovis 
observations,  and  have  not  been  able  on  subsequent  occasions  to 
isolate  the  IBdA  salt ;  the  dBdA  salt  wheu  recry.stallised  from  acetone 
and  water  did  not  become  Ifcvorotatory.  Tlie  rotatory  power  of  the 
dBdA  salt  was  observed  at  different  temperatures. 

0*2395  Gram  dissolved  in  16  085  gramfl  of  water  gave  the  following 
rotations  (density  - 1*002  at  15°)  : 


t. 

43*6* 

tl7*6' 

[M]p  for  basic  ion. 

V 

i*8<r 

160 -S* 

10 

1*28 

42  9 

216*0 

165-6 

20 

1*25 

41*9 

2100 

158-6 

30 

1*22 

40*9 

205  0 

151*4 

40 

1-20 

40*2 

208*0 

147*4 

M 

1*18 

89*5 

200*0 

142*4 

The  corresponding  (i-bromocamphorsulphonate  was  prepared,  but  did 

not  crvbtaliisG. 

di-BronwpkenylmethylimpropylallylammonitLni  iodide  was  readily 
precipitated  from  an  ai^ueous  solutiou  of  the  resolved  camphor- 
sulphonate  by  addition  of  concentrated  potassium  iodide  solution. 
It  melts  at  153°,  the  same  temperature  as  the  inactive  iodide. 

The  following  determinations  of  its  rotatory  power  in  ethyl-alcoholic 
solution  were  made  at  15°: 

0*1154  gram  in  12*69  grams  of  alcohol  gave  +0*60°  (density- 
0*810);  henoe  [aj^  +40*7°  and  [M]o  +165° 

0*2073  gram  in  22*72  grams  of  alcohol  gave  +0*50°  (density* 
0*81) ;  hence  [a]o  +39*9°  and  [M],>  + 162°. 

This  iodide  was  very  sparingly  soluble  in  chloroform,  and  it  was 
therefore  not  found  possible  to  determine  the  rotatory  power  in  this 
solvent. 

P'Sromophenylmethyl'iRobutylaUylammonium  iodide  was  deposited 
very  slowly  on  mixing  /)-bromomethylwobutylaniline  with  ullyl  iodide 
in  equi molecular  proportions.  This  salt  was  very  soluble  in  alcohol, 
and  crystallised  with  diihculty.    It  was  recrystallised  from  acetone  or 
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from  alcohol  and  ether,  when  it  separated  as  mioroecopio  priBms, 

meltiiig  at  135 — 136®: 

0-24tt5  gave  0  3745  CO.,  and  0  1207  Hp.    C  =  4M0  ;  H  -6-39. 
Oj^HjjNBrl  requires  C  =  40-97;  H«5-12  per  cent. 

The  d-eamphornUphonaie  was  prepared  and  recrystallisedTepeatedly 
from  acetone  and  light  petroleum,  but  its  moleoular  rotatory  power  was 
then  foand  to  be  only  just  above  60°  j  further  examination  of  this  salt 
was  abandoned,  as  the  desired  reeolt  was  obtained  by  means  of  the 
hromocamphorBnlphonate. 

ale  was  prepared  by  heating  together  the  calculated  qnantitieB  of 
nlwBt  l^bromocampbor8alphonaie  and  the  iodide  in  moist  acetone. 
It  crystallised  readily  from  the  filtrate  after  evaporating  on  a  waters 
bath.  It  was  reerystallised  from  acetone^  in  which  it  is  readily 
flolnble,  or  from  acetone  and  light  petroleum;  the  bromocamphor- 
sulphonate  melts  at  138^ : 

0-2110  gave  0-3750  CO^  and  O'lHd  H^O.    C  =  48  o  ,  H  =  ti  03. 
Cj^Hg^O^N  BfgS  requires  C  ^  48'6  ;  H  =  5'91  per  cent. 

The  rotatory  power  of  the  salt  gra  liiall y  increased  on  recrystallisation, 
showing  that  the  dBdA  salt  was  being  obtained.  It  was  found  very 
ditlicult  to  obtain  a  constant  rotatory  po^ver,  and  several  attempts  had 
to  be  made,  in  which  large  quantities  of  the  salt  v?er6  used  and  the 
salt  in  the  mother  liquors  was  carefully  worked  up. 

After  about  twenty-five  recrystallisations,  0-1044  gram  in  11  045 
grams  of  water  gave  ap  +  M6°  (density » 1*001)  ;  hence  [ajo  +61*3° 
and  [M]p+364^ 

Aft  two  more  recrystallisations  from  acetone  and  light  petroleum, 
0  1027  gram  in  11  007  grams  of  water  gave  oo +1*15°;  hence 
[a]o  •f61*e<'  and  [M]^  +366''. 

After  three  more  recrytttalltsations : 

0*1 350  gram  in  11*37  grams  of  water  gave  ai>  +1-36'^;  hence 
[a]o  +  61-8«  and  [M]o  +  366» 

0'1996  gram  in  11*145  grams  of  water  gave  +225°;  hence 
[a]o  +62  8°  and  [M]d  +372°. 

0-lli;>8  gram  in  11*42  grams  of  water  gave  aj,  +  r32' ;  hence 
[a]D  +62-9°  and  [M]d  +  373°. 

Thus  [M]d  for  the  salt  is  370°  and  for  the  basic  ion  is  95°. 

The  influ  f^nce  of  temperature  on  the  rotatory  power  of  the  salt  was 
almost  negligible,  hence  the  following  values  may  be  taken  for  the 
molecular  rotatory  power  of  the  iou  :  103°  at  0°  95°  at  15°,  86°  at 
30°,  and  76°  at  50°.  These  values  are  almost  identical  with  those 
obtained  for  the  corresponding  woaaiyl  ion. 

d'Sram^^hmylm^lftiMobui^hUyUmmo^^  iodide  was  readily  pie- 
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cifitAted  from  an  aqueouB  Bolution  of  the  bromocamphorsulphonate  of 
consUmt  rotatory  power  hj  the  addition  of  oonoentrated  potassium 
iodide  aolatioD.  It  melts  at  133 — 134",  and  separatee  from  alcohol  in 
small  prisma. 

The  following  determinations  of  the  rotatory  power  in  aloohol  were 
made  at  about  15" : 
0*1515  gram  in  13*71  grams  of  alcohol  gave     4-0*53"  (density » 

0-810);  lience  [a]o  +27*4°  and  [M]d  +113", 
After  recrystallising  from  cold  alcohol : 

0*160  gram  in  9*587  grams  of  solution  gave  +0*77°  (density  = 
0-815) ;  hence  [a]^  +28-3^  and  [M]d  +116°. 

0*1501  gram  in  9  687  grams  of  solution  gave  a]>  +0*73°  (density  = 
0-816);  hence  [ajo  +  28*9°  and  [M]o  +118°. 

The  value  of  [MJ^  for  the  iodide  in  ethyl-alcoholic  solution  may 
therefore  be  taken  as  about  1 1 7°. 

The  active  iodide  is  so  sparingly  soluble  in  chloroform  that  no 
trustworthy  determinations  of  the  rotatory  power  could  be  made. 
The  following  experiment,  however,  seems  to  show  that  the  iodide  has 
a  greater  rotatory  power  in  chloroform  than  in  aloohol,  and  that  it 
undergoes  autoracemisation : 

0*039  gram  in  17*916  grams  of  solution  (practically  saturated)  gave 
ao  +0*33"  (density  -1*490);  hence  [a]^  +47*7"  and  [  M]i,  +195", 

After  four  liours,  ap  was  01 6°,  and  after  forty-eight  hours  the 
solution  was  inactive. 

^•Bromophenybmthjflisoamylallylamrnonium  iodide  was  prepared  from 
the  tertiary  amine  aud  allyl  iodide.  It  was  somewhat  soluble  in 
alcohol,  and  was  therefore  recrystallised  from  a  mixture  of  alcohol  and 
ether,  from  which  it  separated  in  sheaf-like  aggregates  of  long, 
colourless  prisms,  melting  at  127 — 128°  : 

0*2963  gave  0-4581  CO,  and  01435  H^O.    C    42-2 ;  H-5*38. 
Ci^H^NBrl  requires  0-43*4 ;  H-5-43  per  cent. 

The  corresponding  hnmide  was  also  prepared  by  the  union  of  the 
amine  and  allyl  bromide  and  recrystallised  from  aloohol  and  ether, 

when  it  formed  colourless  prisms  melting  at  161 — 162°  : 

0*2891  gave  0-5075  CO.^  and  0*1615  H.O.    0  =  47*9  ;  H  =  6*21. 
OtsHssNBrs  requires  0-47*8 ;  Ks6'10  per  cent. 

^BnmophenijflmiitkjflwKmjflaUfflai^^  d'CBmphonuHphonaie  was 
prepared  by  boiling  together  equivalent  quantities  of  the  bromide  or 
iodide  and  silver  d-camphorsulphonate  with  moist  acetone.  The  salt 
did  not  crystallise  well»  and  after  reciystallising  several  times  from  a 
mixture  of  acetone  and  toluene  it  was  still  somewhat  viscid  and  melted 
at  65". 
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From  the  following  ^^termiiiation  of  its  rotatory  powor,  it  is  dear 
that  resolotioii  does  not  take  place  eapidly,  if  at  all : 

0-2000  gram  in  12  83  grams  of  solution  gave  +0*26°;  hence 
[M]i,  +44° 

The  bromocamphorsulphonate  was  therefore  made,  and  it  waa  fouod 
that  this  could  be  resolved  more  easily. 

p  -  ^rofiM;pA«»y///teM^2isoain^/atf^iimmontum  d  -  hromoeemphoretd- 
ftlumeue  was  pre{>ared  in  the  usual  way,  Ufltng  moiat  acetone  as  Bolvent  i 
it  erystaliised  readily,  and  could  be  reoiyBtalltsed  from  acetone.  A.fter 
repeated  recrystallisation  from  acetone,  the  salt  formed  stellate 
aggregates  of  needles  and  melted  sharply  at  170® : 

0-2550  gave  0*4641  CN>, and  01378  H,0.   pa49*6 ;  H»6-00. 

CgfiHg^O^NBrgS  requires  0-49*4  ;  H  =  6*10  per  cent. 

It  was  found  that  the  molecular  rotatory  power  of  the  salt 
increased  to  about  360°  after  three  or  four  recrystallisations  from 
eili}  1  acetate  or  acetone,  and  further  recrystallisation  only  served  to 
raise  the  rotatory  power  to  370°.  As  this  value  is  very  close  to  that 
found  for  the  t^obutyl  compound,  the  salt  was  repeatedly  recrystallised 
both  from  hot  and  cold  acetone  and  from  cold  ethyl  acetate,  and 
examined  in  order  to  make  certain  that  resolution  was  complete  and 
the  rotatory  power  constant. 

After  six  recrystallisations  from  warm  acetone : 

0-1330  gram  in  11*600  grams  of  solution  gave  <f  1*39** (density - 
1*001);  hence  [a]u  +  60*6*>  and  [M]o  +368« 

After  two  further  recrystallisations  from  cold  acetone  : 

0-121  gram  in  11*934  grams  of  solution  gave      +1*32°  (density- 

1-001);  hence  Mo  +601'' and  [Mj^  +365^ 
After  two  further  recrystallisations  from  warm  acetone : 
0*1611  gram  in  1  1  332  grams  of  solution  gave  ao  + 1*74°  (density » 

1-002);  hence  [a]i,  +611   and  |M]u  +371° 

The  salt  was  now  recry stall liied  from  ethyl  acetate,  and  successive 
fractions  examined  : 

0*104  gram  in  11*807  grams  of  solution  gave  oo  -I- 1*08°  (density- 
1*000);  hence -f6M<'and  [M]o  +37R 

0*1019  grsm  in  11-604  grams  of  solution  gave  oo  + 1*07^  (density - 
1-000) ;  hence  [a]^  +  OO  d*"  and  [M]»  +  369^ 

It  is  clear  that  tii«^  salt  was  as  pure  as  recrystallisation  could  make 
it;  lience  the  molecular. rotatory  power  may  be  taken  as  369®  at  16% 
and  [Mjo  for  the  bssic  ion    therofore  94% 

The  following  results  were  obtained  in  determining  the  influence  of 
temperature  on  the  rotatory  power  of  the  salt. 
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01829  gram  in  15*845  gram«  of  solution  (density  at  Id''  - 1002) : 


1. 
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d-Bromopheiii/l»i6thylisoamyUMylamrncnium  iodide. — When  a  con- 
centrated solutioQ  of  potassium  iodide  was  added  to  a  solution  of  tlie 
bromocamphoTSuIphonate,  the  solution  became  turbid  aud  oily  drops 
separated  ;  on  standing  these  became  crystalline.  The  colourless 
crystals  of  tbo  iodide  when  dried  melted  at  130 — 131%  and  after 
crystallising  from  cold  alcohol  formed  colourless  prisms  melting  at 
131^131*60. 

The  rotatory  power  was  determined  in  alcohol  and  in  chloroform  at 
about  15^   In  alcohol : 

0*124  gram  in  8*702  grams  of  solution  gave  ao  +  O'dO^  (density- 
0*810)  ;  hence  [a]D  +  26*3«  and  [M]o  +  lll'». 

0*112  gram  in  9*220  grams  of  solution  gave  aD+0'49**  (density  » 
0*809) ;  hence  [a]i>  +  2B*2«  and  [  M  ]^  + 107*. 

0*1221  gram  in  9*468  grams  of  solution  gave  ai> » 0*55^  (density 
0*814);  hence  [a]o  +  26  2**  and  [M]d  +  111°. 

0'1409  gram  in  i)*347  grams  of  solution  gave  [ajn  +  0  G4"  (density  « 

0-  81);  hence  [ajp  +  26-2^  and  [Mjo+llT. 

Therefore  the  molecular  rotatory  power  of  the  iodide  may^  be  taken 

as  111° 

.  In  chloroform  : 
0121  gram  in  16-610  grams  of  solution  gave  [o]p  +  0*87®  (density 

1-  495);  hence  [a]o+39*9<' and  [M]d  +  169<*. 

After  two  and  a-half  hours,  ao+0*78^j  after  twenty-two  hours, 
ttp  -1*0*1 6^  and  after  forty-eight  hours  the  solution  was  inactiye. 

The  following  table,  containing  the  melting  points  and  rotatory 
powers  of  the  compounds  described  in  this  paper,  is  given  for  con- 
venience of  reference : 

^Broinophenyl-mtlhyl  aU yl  iieriea. 
M.  p.  of 

M.  p.  of       M.  p.  of      d-bromo-  [Mjo  ot  [M]d  of  [l[]p  of 

active       (2-camphor-    camphor^    ion  iodide  in  iodide  hi 

iodide.      solphonate.   ralphonatew  at  15°.  alcohol.  ohJoraAHni. 

Ethyl               isr            153'             —  -20'(?)  -26'(!) 

n.Propyl  ...  142~U3       161—162       159—160'    14J-  144  222 

iiwrropyl  ...      153             168              —  ISS  — 

t«/But>l   ...  133—134           —              138   ^    96  117  105 

iwAmyl   ...  135—136           66(1)         ^"^^  HI  1^^ 

The  great  simdarity  in  the  mrfj^ting  points  of  several  of  the 
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oomponnds  is  m  marked  as  in  the  oorrespoDdiog  set  of  phenyl 
oompoonds. 

It  will  be  seen  from  tbe  table  tbat  the  Tnlae  of  [M]o  for  the  iodide 
in  aleohol  is  in  each  case  greater  than  that  of  the  basic  ion  in  water, 
and  that  theiralae  of  [MJo  of  the  iodide  is  greater  in  chloroform 
solution  than  in  alcohol.    The  latter  statement  is  also  tme  for  all  the 

active  iodides  examined  in  the  former  communication  on  this  subject 
{ioc.  cit.,  p.  304),  aud  the  firttt-mentioued  relation  is  also  true  with  one 
exception  for  the  compounds  then  examined. 

The  foUuwiog  diagram  shows  that  the  influence  of  temperature  on 
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In  the  ease  of 'the  iiobatyl  aad  immyl  oompoimds,  the  points  narked  9  refer  to 

the  liobatyl  oomponnd. 


the  rotatory  powers  of  the  ions  is  uniform  throughout  the  range 
examined  and  of  the  same  kind  in  all  five  eases. 

The  relation  between  the  values  of  the  molecular  rotatory  powers  of 
the  ions  and  the  values  of  the  product  of  asymmetry  for  the  asym- 
metric nitrogen  atom  or  ion  may  now  be  discussed. 
The  fcmnula  for  the  product  of  asymmetry,  p',  in  terms  of  the  masses 
,    of  the  four  allyl  groups  developed  in  the  former  communication  (/be. 
J\y   cit.,  p.  308); 

,    i(a  -Ki)  >  (6  +  o)\{{a  +  b)'{c  +  rf)}(a  -  c)(6  -  d) 
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applied  to  the  three  poMible  configurations  for  this  series  of 
compounds : 

lo6  1 


CH,         C,H,  OH,  *  ^  OH,. 

where  d  ropresents  the  group  which  is  varied,  gives  the  valaes  for  p" 
given  in  the  following  table,  which  sJsooontains  the  values  of  [M]|, 
for  the  basic  ions  at  15^ 

i^'Bromophenyl-meUiyl-allyl  Series, 

[M]  for  I.  II.  III. 

basic  ion.  ^'xlO*.  y'xlO*.  ^'xlO'. 

Btbyl    81'  6-22  151  9-9 

«?-^Py\   918  8-4  1-3 

laoUutyl   96  10*6  4*5  8'4 

woAmyl    94  10  1  2-26  12-5 

It  is  clear  that  there  is  no  simple  relation  between  the  values  of 
and  [M]d  even  if,  for  the  present,  the  somewhat  doubtfol  values  for 
the  ethyl  compound  were  neglected,  and  in  this  case  no  connexion 
c:in  be  seen  even  if  the  different  compounds  be  assumed  to  possess 
different  configurations. 

The  data  given  for  the  t^^obutyl  and  tsoamyl  compounds  leave  some 
slight  doubt  as  to  which  ion  has  the  greater  rotatory  power.  Taking 
into  consideration  the  fact  that  the  iodide  of  the  isobutyl  compound 
has  the  greater  rotatory  power,  it  seems  very  probable  that  the  basic 
ion  also  has  a  greater  rotatory  power  than  the  corresponding  ion 
containing  the  tioamyl  group,  especially  as  the  evidence  of  complete 
resolution  is  more  conclusive  in  the  latter  case. 

The  similarity  of  the  rotetory  powers  of  the  itobutyl  and  t6oamyl 
compounds  is  remarkable,  and  would  seem  to  suggest  that  they  have 
configuration  I,  but  then  the  value  of  p^ia  greater  than  that  for  the 
propyl  compounds.  It  is  interesting  to  note  also  that,  although  in 
the  phenyl-methyl-allyl  series  the  rotatory  powers  of  the  n-propyl  and 
Mopropyl  compounds  were  found  to  be  almost  ident  ical,  in  this  series 
the  n-  and  wo  propyl  compounds  differ  in  the  same  way  as  they  do  in 
the  phenyl-methyl-benzyl  series,  where  the  values  of  [M]©  for  the  ions 
were  found  to  be  209^  and  398^  respectively. 

A  similar  case  in  which  the  i^opropyl  compound  has  a  greater 
rotatory  power  than  the  n  propyl  compound  has  recently  been  found 
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by  Pintti  and  MagU  in  the  alkyl  hydrogen  aspartates  (QazziUa,  1906| 

Se,  ii,  738). 

The  series  of  compounds  derived  from  the  same  substituted  p-bromo- 
anilines,  but  containing  the  benzyl  instead  of  the  allyl  group,  is  also 
under  examination,  and  the  results  of  the  examination  of  these  and 
other  active  nitrogen  compounds  will  be  communicated  to  the  Society 
later. 

The  ezpenees  of  this  investigation  have  been  defrayed  by  grants 
placed  at  onr  disposal  by  the  GovemmeDt  Grant  Committee  of  the 
Royal  Society,  for  whloh  we  are  glad  to  make  this  grateful  acknow- 
ledgment. 

UNivaasiTT  CiiK\f!(  AL  Laboaato&t, 
Cauduidqjs. 


XXIX. — The  Prefpa/ration  of  VBenzoin. 

By  xVlex.  MoKenzie  and  Henry  When. 

▲lthouoh  benzoin,  O0H2'CH(OH)-CO'C^H2^,  contains  an  asymmetric 
carbon  atom,  it  has  not  hitherto  been  obtained  in  an  optically  active 
form.  Indeed,  with  the  exception  of  <i/*fhicto8e^  no  ezteroally  com- 
pensated keto-alcohol  has,  so  far  as  we  know,  been  resolved  into  its 
optically  active  components  by  any  of  the  ordinsry  methods. 

In  the  present  paper,  the  conversion  of  /-mandelic  add  into  Miensoin 
is  described. 

B«is  (Ctmf€,  rend.,  IdOB,  137,  575)  showed  that  ketones  may  be 
obtained  from  acid  amides  by  aid  of  the  Grignard  reaction.  When  one 
molecnlar  proportion  of  an  acid  amide  is  heated  for  several  hours  at 
the  iemperatnre  of  a  boiling-water  bath  with  more  than  two  molecular 
proportions  of  a  Grignard  reagent,  and  the  resulting  compound  then 
decomposed  by  ice  and  mineral  add  in  the  usual  manner,  ketones  are 
produced  in  yields  varying  from  20  to  60  per  cent.  The  add  amides 
investigated  by  Bdls  from  this  standpoint  were  acetamide,  propion- 
amide,  butyramide,  Movaleramide,  and  benzamide,  and  the  following 
ketones*  were  isolated,  methyl  ethyl  ketone,  diethyl  keioue,  methyl 
propyl  ketone,  ethyl  i^obutyl  ketone,  acetophenone,  and  phenyl  ethyl 
ketone. 

After  we  had  applied  this  action  of  B6is  to  r-mandelamid«  and 
obtained  ordinary  benzoin  by  means  of  mnnrnesium  phenyl  iodide  or 
bromide,  the  behaviour  of  ^mandelamide  was  studied.    /-Benzoin  was 
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isolated  in  this  manner;  it  melts  at  131  — 1325^  reduces  B'ehling's 
solution,  and  has  [aJS^  -  1 18*6''  forn  -  0  9232  in  acetone  solution.  Its 
foronation  may  be  represented  by  the  follow^in?  equations : 
(1)  OA*OH(OH)-qOH):NH+dOeHs*MgBr» 

OA'C^H(0*HRBr)-0(0*MgBr)(0«H»)*NB*MgBr  -I-  SC^H^ 
(3)  OeH|t«0H(O-MgBr)-C(O-l^Br)(O«Hft)-NH*BfgBr4-3H«O- 

0«H9-CH(0H)*0(0H)(0^H^*KH,-|.  SMgBr(OH). 
(3)  C.H5-CH(OH)-C(OH)(OeH5)-NH,-NH,+ 

C,H,-CH(OH)-00-CA. 
That  addition  to  the  group  •C(OH)INH  takes  place  in  the  manner 

represented  by  the  6rst  of  these  equations,  receives  support  from  the 

ob>orvation  of  Busch  {Ber.y  1904,  37,  2691  ;  Busch  and  Rinck,  Ber., 
1905,  38.  1761),  who  finds  that  addition  ol"  tlio  Gri<jnard  reagent  to  the 
group  'CHIN*  takes  place  in  such  a  niauner  tliat  tlie  alkyl  or  aryl  group 
attaches  itself  to  the  carbon  atom  and  the  MgX  group  to  the  nitrogen 
atom  ;  the  formatiou  of  a-anilinoethylbenzene,  for  examplei  from  benzjl- 
ideneaniline  is  represented  by  Busch  as  follows: 

^\ 
Mg  1 

0eH4-N-CH(CH,)-CeH4  +  H,0  =  CeH^-NH'CH(CHJ-C,Hj + Mgl(OH). 

^\ 
Mg  I 

It  is  probable  that  raandelamide  acts  on  the  Grignard  reagent  in  its 
aci-form  as  indicated  in  eijuution  ( 1 ),  since  tautompric  compounds  of  the 
keto-enolic  type  are  known  to  acton  the  Grignard  reagent  in  accordance 
witli  tli(^  enolic  Btructure,  This  is  of  little  importance,  however,  in  this 
case,  since  the  same  additive  compound  might  be  expected  to  result  if 
mandelamide  is  represented  by  the  formula  C0U0*GH(OH)*OO«^Hg. 

EXPEBIMBNTAL. 

Action  of  Magneaium  Phmyl  M4d€  on  r'Memddamido. 

Methyl  r-mandelate,  proparfd  by  the  Kischer-Speier  esterification 
method,  boiled  at  135— 136  V13  mm.,  whereas  Acree  (^sr,  1904,  37, 
2767)  gives  the  boiling  point  as  144°/20  mm. 

r-Mandelamide  is  described  by  Zinin  {ZnUch,  Chom.,  1868,  710)  and 
by  Beyer  (./.  pr.  GAem.,  1885,  [ii],  31,  385;  as  melting  at  132''.  By  the 
action  of  fuming  hydrochloric  acid,  however,  on  mandelonitrile» 
Tiemann  and  Friedl'auder  (^sr.,  1881,  14,  1967)  obtained  a  product 
melting  at  190^  which  they  supposed  to  be  the  amide.  Tho  latter  melt- 
ing point  is  also  ascribed  by  BiedenDann(iK9r.,  1891,  d4,  4083)  to  the 
amide  obtained  by  heating  for  six  hours  ander  preasnre  at  100^  with  an 
excess  of  ammonia  the  emde  prodoot  resulting  from  the  aoUon  of  an 
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excess  of  acetic  anhydride  on  rnandidic  acid.  IMichael  and  Jeanprclre 
{Ber.,  1892,  25,  1678)  repeated  Tienmnn  and  Friedliinder's  oxperiDients 
and  showed  that,  in  addition  to  the  compound  melting  at  194  \  the 
amide  melting  at  132'^  is  also  produced.  A  similar  result  was 
arrived  at  by  Pulvermacher  (Ber.^  1892,  25,  2212),  who  found  only 
traces  of  the  amide  melting  at  132^  in  the  action  in  question  ;  when 
he  repeated  Biedennann's  work,  he  obtained  a  product  melting  at  132° 
and  not  at  190°. 

r-Mandelamide  is  easily  prepared  by  the  following  method.  A 
solution  of  methyl  r-mandelate  (48  gramB)  in  ethyl  aloohol  (80  c.c) 
is  saturated  with  dry  ammonia,  first  at  the  ordinary  temperature  and 
finally  at  the  temperature  of  a  freezing  mixture  of  ice  and  salt.  After 
three  days,  the  crystals,  which  separate  as  lustrous  leaflets,  are  drained 
off,  powdered,  and  washed  with  ether.  The  yield  is  35  grams. 
r-Mandelamide  (m.  p.  133 — 134*^  is  sparingly  soluble  in  ether,  and 
may  he  crystallised  without  much  loss  from  benzene^  from  which  it 
separates  in  Instrbus  leaflets. 

r-lfandelamide  (5  grams,  1  mol.)  was  gradually  added,  within  an 
interval  of  twenty  minutes,  in  quantities  of  about  a  gram  each  time 
to  the  Grigoard  reagent,  prepared  from  4*7  grams  of  magnesium 
(6  mols.),  40  grams  of  iodobensene  (6  mols.),  and  75  c.c.  of  ether.  If 
the  action  is  formulated  according  to  the  scheme  of  B<Si8,  the  magnesium 
phenyl  iodide  was  present  in  this  case  in  twice  the  calculated  amount. 
The  addition  of  cacli  portion  of  the  amide  cautoJ  a  i  ssing  noise,  and 
the  ether  boiled  gently,  but  the  action  was  never  allowed  to  become 
violent.  After  the  reaction  had  subsided,  the  mixture  was  gently 
boiled  for  about  eight  hours,  ice  and  dilute  .sulphuric  acid  added,  .and 
then  benzene  in  sufficient  amount  to  dissolve  the  .solid  product  present. 
The  ether-benzene  layer  was  separated,  the  eiher  and  benzene 
evaporated,  and  then  steam  passed  through  the  residual  reddish-brown 
oil  in  order  to  remove  iodohenzono  and  diphenyl.  Tlio  contents  of  the 
distilling  flask  were  allowed  to  cool,  and  the  semi-solid  oil  crystallised 
from  methyl  alcohol,  when  a  yellow  solid  (1'3  gram.s)  separated. 
This  melted  at  130 — 132%  and  was  found  to  consist  of  nearly  pure 
henzoin.  After  several  crystallisations  from  mctliyl  alcohol, 
colourless  needles,  melting  at  132*5 — Idd  d*^,  were  obtained.*  The 
bensoin,  obtained  in  this  manner,  gave  the  following  result  on 
analysis: 

0-2559  gave  0  7434  COj  and  01321  HgO.    C  =  79'2  ;  H  =  5-8. 
Cj^H^Oj  requires  C  »  79'2  ;  H  «  5*7  per  cent. 

*  Tbadau  (^uotadintlu  litoratme  rcitpcctiug  the  melting  point  of  benzoin  ate 
diseofdsat  We  found  tliat  a  specinien  of  Kihlbanm's  bensoin  melted  at  182*6—138" 
after  six  eiystalliMtionB  fkoni  methyl  alcohol. 
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Its  ethyl -alcoholic  solution  reduced  Fehling's  solution  slowly  in  the 
cold  and  rapidly  when  warmed.  The  compound  was  still  further 
characterised  by  conversion  into  benzil  by  means  of  nitric  acid  in  the 
usual  manner.  The  resulting  beozll  melted  at  94*5 — 95'5^  and  waa 
analysed : 

01601  gave  0*4697  00^  and  0*0693  H,0.   G  -  80*0 ;  H  -  4*8. 
Ci^HjoO,  requires  C-SO'O ;  H«4'8  per  cent 

In  the  hope  of  obtaining  a  belter  yield  of  benzoin,  numerous 
experimentH  were  also  made  with  magnesium  phenyl  bromide  in 
place  of  the  iodide.  The  experimental  conditions  were  varied  in 
each  rase,  but  the  yield  of  benzoin  was  generally  much  the  same 
as  that  quoted  in  the  preceding  experiment.  Although  it  was 
noted  that  r-mandelaiiii<K)  is  sparingly  soluble  in  ether,  and  tends  to 
become  coated  with  a  solid  when  it  is  added  to  the  Grignard  reagent, 
the  small  yield  of  beii/oiu  is  not  due  to  this  cause.  The  yield  was 
much  the  same  when  tlie  Grignard  reagent  (4  mols.)  was  gradu.ally 
siphoned  into  a  warm  ethereal  suspension  of  the  amide  (10  grams, 
1  mol.)  within  an  interval  of  thirty  minutes ;  in  this  case,  a  white 
product  separated,  which  became  grey  when  the  mixture  was  boiled. 
After  decomposition  in  the  usual  manner  by  ice  and  mineral  acid,  the 
product  obtained  from  the  ethereal  solution  was  found  to  contain,  in 
addition  to  benzoin  and  diphenyl,  unchanged  amide,  since  ammonia 
was  evolved  when  it  was  heated  with  aqueous  sodium  hydroxide. 
In  this  and  in  other  cases  the  reaction  appears  to  be  incomplete. 

Action  o/ Moffiietium  Fiitnyl  Bromide  on  \-Manddamide*  FreparckUon 

of  l'£enz<ntK 

Methyl  ^mandelate,  prepared  from  ^mandelio  acid,  methyl  alcohol, 
•  and  sulphuric  acid  according  to  the  Fischer-Speier  method,  boiled  at 
135°/12  mm.  and  melted  at  54 — 55°,  whereas  Walden  {ZeiUch. 
physikal.  Chem.j  1895,  17,  703)  gives  IGC^/SJ  inm.  and  55^  respectively. 
The  yield  is  generally  about  80  per  cent,  of  the  theoretical. 

The  following  method  for  the  preparation  of  ^-mandelamide  gave  the 
best  results.  A  current  of  dry  ammonia  is  passed  within  an  interval 
of  one  and  a  quarter  hours  into  a  solution  of  methyl  /-mandolate 
(23  grams)  in  ethyl  alcohol  (30  cc),  first  at  the  ordinary  tempera- 
ture and  subsequently  at  the  temperature  of  a  freezing  mixture  of  ice 
and  salt.  Aftor  throe  days,  the  crystals,  which  separate  either  as 
leatlets  or  largo,  lioxiLjonn!,  glassy  prisms,  are  draitio.l  off,  triturated 
with  nthor.  :jnd  agrJn  filtered.  The  yield  is  11  grams.  A  few 
adilitional  grams  may  bo  obtained  from  the  mother  liquors. 

^Mandelamide,  C5lia*UH(OK)*C()*NH2»  separates  in  lustrous  leafleU 


Digitized  by  Google 


MoKBNZIB  AND  WREN :  THE  PREPARATION  OF  L-BENZOIN.  313 

from  be&tflSie,  in  which  it  is  sparingly  soluble  at  the  ordioary 
temperature.  Its  melting  pointi  122'' — 122*5^,  agrees  with  that  gi7en 
by  Walden  {loe»  oU,) : 

0-1360  gave  0*3181  CO,  and  0*0736  H,0.   C  »  63*8 ;  H  61. 
CgHgOjN  requires  09  63*5 ;  H-6'0  per  cent. 

The  rotation  of  successive  crops  from  benzene  solution  was  deter- 
mined in  acetone  solution,  this  solvent  having  previously  been  selected 
by  Walden. 

Z  =  2,  <;  =  1-676,   al,^^->2-43^,  [a]l?»  -  72-5° 
l^i,  0=^1-6416,  al?*-4-8°,  [a]}|^-731° 
c  =  0-6112,  ai;^-l-77°,  [ajlif  -72-4^. 

These  values  are  somewhat  liigher  than  those  quoted  by  Walden, 
who  gives  [a]^  -  66*7^  for  ca  1*5  (temperature  not  stated). 

Mfandelamide  (8  grams,  1  mol.)  was  gradnally  added  in  small 
portknui  within  an  interval  of  thirty  minutes  to  the  Grignard  reagent, 
prepared  from  7*5  grams  of  magnesinm  (6  mols.),  50  grams  of  bromo- 
benaeno  (6  mola),  and  150  o.e.  of  ether.  The  mixture  was  then  boiled 
for  eight  hours.  A.fter  the  addition  of  ice  and  dilute  sulphuric  acid, 
Buffieient  ether  was  added  to  dissolve  the  small  amount  of  solid 
remaining  in  suspension  after  the  decomposition  of  the  magnesinm 
additlTO  oompounid.  The  ethereal  layer  was  separated,  the  ether 
expelled,  and  steam  passed  through  the  residue  for  some  time.  From 
the  red,  seminmUd  mass  remaining  in  the  distilling  flask,  1*3  grams 
of  pink  crystals  were  obtained  after  crystallisation  from  methyl 
alcohol  and  decolorisation  by  animal  charcoal.  After  recrystallisation 
from  methyl  alcohol,  almost  colourless  needles  were  obtained. 

\-Benzoin,  CgH^-CH(OH)-CO-CgH,,  melts  at  131—132-5^.  It  is 
readily  soluble  in  cold  acetone  or  in  hot  methyl  or  ethyl  alcohol,  and 
moderately  so  in  cold  methyl  or  ethyl  alcohol : 

0-1123  gave  0-3264  CO,  and  0  0599  H,0.    0^793;  H»6U 
OifinO^  requires  79*2 ;  H»5-7  per  oent. 

Its  ethyl^alcoholic  solution  reduces  Fehling's  solution  slowly  In  the 
oold,  and  rapidly  when  heated. 

For  the  determination  of  its  spedfio  rotation  in  acetone  solution,  a 
specimen  was  dried  over  sulphuric  acid  until  constant  in  weight ; 

/  =  4,  c  =  0-9232,  al;''^-4-38^  [a]r  -118*6« 
After  recrystallisation  of  this  product  from  methyl  alcohol,  the 
value  for  the  specific  rotation  of  the  recrystalliaed  crop  in  acetone 
solution  agreed  with  the  preceding  value  within  the  limit  of  experi- 
mental error : 

/  -  4,  c  =  1-2508,  al;  -  5 -88°,  [a     -  1 17-6^. 
^Benaoin  (1*5  grams)  was  heated  for  about  two  hours  with  an  excess 
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of  oonoentrated  nitric  add.  The  mixture  was  poured  into  eold  water, 
when  the  yellow  oil  readily  solidified.  After  reoryetallieataon  from 
ethyl  alcohol,  yellow  needlee  (0*9  gram)  separated,  which  were  identified 
as  bensil  by  their  melting  point,  93*5 — ^94*5''i  and  by  analysis : 

0-1074  gave  0-3H0  COj  and  0-0467  H.O.    C  =  79  7  ,  11  =  4-9. 

^H^ioOo  requires  C  =  80-0  ;  H  =  4-8  per  cent 
Its  solution  in  acetone  was  optically  inactive. 

The  work  is  being  extended  more  particularly  for  the  preparation 
of  other  optically  active  keto-alcohols. 

BiBKBXOK  OOLUOB, 


XXX. — The  Brvminatian  of  -p- Hydroxy diphenylcmine. 
By  Alice  Emily  Smith  and  Ksnnsdy  Jobsph  PBBviTi  O&ton. 

In  his  detailed  account  of  p-hydroxy(^'phenylamine,  Calm  {Ber,,  1888, 
16,  2787 ;  ibid,,  1884»  17,  2431)  makes  no  mention  of  any  attempts 
to  prepare  chloro-  or  bromo^erivatives.  The  only  halogen  deriTatives 
which  have  been  described  up  to  the  present  were  obtained  by  us 
indirectly  from  «>trichloro-  and  «-tribromo-l-nitroaminobensene, 
C^HjClg-NH-NOj  and  CeHgBrg-NH-NOa  (Trans.,  1905,  87, 389  ;  ilnd,, 
1907,  91,  146).  A  hexaehlorohydroxydiphenylamine,  «-trichloro* 
phenyl  trichloro-7?-hydroxyphenylamine,  CgH2Cl3*NH*CgHCl^*OH,  a 
hexabromo-dcM-ivative,  «-tribromophenyltribrorao-p-hydroxyphenyl- 
amine,  and  a  pont.ibromo-derivative,  s-tribromophenyldibromo-;^- 
hydroxyphenylamine,  CgUgBrg-NH'C^HoBro'OH,  were  prepared,  and 
their  constitutions  partly  determined  by  cleavage  of  the  oxidation 
products,  the  quinoneanils,  for  example,  CgHoClg'NICgHCIglO,  into 
aniline  and  quinone.  The  orientation  of  the  halogen  in  the  phenolic 
nucleus  remained,  however,  uncertain,  aUliough  a  suggestion,  based  on 
a  hypothesis  as  to  the  method  of  pro  luction  from  the  nitroamines, 
was  put  forward,  namely,  that  in  the  hexahalogen  compounds  the 
three  halogen  atoms  occupied  the  positions  2,  3,  and  6  with  respect  to 
the  imi no-group.  Hexaehlorohydroxydiphenylamine  would  then  have 
the  formula : 
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As  the  absence  of  any  record  in  the  literature  iinlic;iu>l,  the 
bromiuation  of  y>-hytlroxydipht;iiylamiLic  has  proved  no  easy  matter. 
This  substance  is  very  liaV»Io  to  oxidation  by  the  bromine  to 
quinoneanil  ([)hcnyliuiino<|uinoue),  C^Hj^*N!C^H^IO,  which  ia  not 
directly  brominated.  Partly  on  this  account,  it  is  exceedin^dy  difficult 
to  avoid  the  fonnatioii  of  a  mixture  of  bromo-derivatives,  separation 
of  wliich  either  proved  impracticable,  or  only  possible  with  great  loss 
of  material. 

In  one  particular,  the  preparation  of  the  ln-omo  derivatives  was 
simplified,  in  that  isomerides  do  not  seem  to  be  formed  under  any 
circumstauces.  Notwithstanding  the  presence  of  the  two  benzene  nuclei, 

<(^NH<^OH, 

and  the  two  directing  groups,  the  imino-gronp,  which  may  influence 
the  broraination  in  both  nuclei,  and  the  hydroxyl  group,  which  will 
determine  the  position  of  the  bromine  in  the  phenolic  nucleus,  the 
introduction  of  bromine  appears  to  follow  a  single  invariable  course. 
Thus,  for  example,  in  the  preparation  of  the  tribromo-derivative  from 
/i-hyflroxydiphenylaminei  it  would  seem  highly  prob|ibla  that  a  mixture 
of  two  or  three  tribromo^mpounds  would  be  produced.  Such  was 
not  found  to  be  the  case ;  there  was  no  indication  of  the  presence  of 
even  traces  of  a  second  compound.  Similarly,  in  the  preparation  of 
the  teirabromo-  from  the  tribromo-derivative,  the  formation  of  two 
isomerides  at  least  would  be  anticipated,  whereas  only  a  single 
substance  resulted. 

All  our  attempts  to  prepare  a  monobromo-  and  a  dibromo-derivative 
have  ao  far  failed.  Variation  in  solvent  or  the  use  of  bromine  vapour 
all  lead  to  a  tribromohydroxydiphenylamine,  two*thirds  of  the 
hydroxydiphenylamine  remaining  unchanged.  This  tribromo  deriv- 
ative has  two  bromine  atoms  in  the  phenyl  nucleus,  occupying  the 
2  :4-positions  with  respect  to  thu  imino-group,  and  one  bromine  atom 
in  the  phenyl  nucleus,  but  there  is  no  means  of  ascertaining  which  of 
the  two  possible  formuhe  : 

_Br  Br_ 

OeH8Br,-NH<^  and  C«H,Br,»NH/^OH 

represents  the  orientation  in  this  nucleus. 

Bromination  of  the  tribromo-derivative  yields  a  single  tetrabromo- 
hydroxydiphenylamine  of  the  constitution  : 

Br  Br 
Br<^^^^NH<^^^ 
Br 

the  fourth  bromine  atom  entering  the  phenolic  nucleus. 


iles 
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The  fifth  bromine  atom  also  enters  the  phenolic  nucleus,  but  it  is 
impossible  to  decide  at  present  which  of  the  two  different  positions 
is  taken  lip*   the  compound  must  be  represented  bj  either 

BrBr  J3r 

CeU8Brj'NH<;^\0H  or  CeHjBrj*NH<^  ^OH. 

Br  Brijr 
£ithet*  of  these  compounds  would  be  isomeric  with  the  pentabromo* 
hydroxydiphenylamine  obtained  from  «-tribromonitroaminobenzene 
(ho,  eU,)i  since  the  latter  had  three  bromine  atoms  in  the  phenyl 
nucleus. 

All  attempts  to  convert  the  pentabromo-  into  a  hezabromo'dertv- 
ative  failed*  Either  bromination  did  not  occur,  or  a  heptabromo« 
derivative  was  formed.  If  the  two  entering  bromine  atoms  take  up 
positions  in  accordance  with  the  "  ortho-para  *'  rule^  only  one  bepta- 
bromo-derivative  is  possible,  namely,  that  possessing  the  constitution 
represented  by 

Br        Br  Br 
BrBr 

Oieavage  of  the  corresponding  qninoneanil  showed  that  such  was  the 
fact 

Large  excess  of  bromine  in  the  absence  of  solvent,  finally  producee 
the  octabromo-derivative, 

BrBr  BrBr 
Br  BrBr 

Each  bromohydroxydiphenylamine  can  be  quantitatively  oxldisei  to 
a  quinoneanil  (phenyliminoqninone),  from  which  it  is  as  eadly  re» 
generated  on  reduction*  The  colour  of  the  quinoneanila  beoomee  mote 
intense  as  the  pro^>ortion  of  bromine  increasee,  the  nasubstituted 
being  scarlet  and  the  hepta-  and  octahromo-derivatives  so  dark  a 
purple  or  magenta  as  to  appear  black.  The  quinmieanils  are  hydrolysed 
by  sulphuric  acid  to  aniline  and  quinone,  thus : 

C^HaBr.-NrCgHBrgiO  +  H  ,0  -  CJIgBr^j-NIIa  +  O'.C^flBr^rO, 
a  reaction  which  gives  a  simple  means  of  determining  the  position  and 
generally  the  orientation  of  the  bromine  atoms. 

p'Ulfdroxifdiph$nf^amin$, — ^The  hydrozydipbenylamine  was  prepared 
--jl  purified  by  Oalm*s  method  {loc,  ciL),  namely,  condensation  of 
Uine  with  quinol  in  the  presence  of  calcium  chloride  at  a  high 

4 
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tempesaiure.  In  addition  to  the  dibenzoyl  derivative  described  by 
liilili  W6  have  prepared  a  motiobenzoyl  derivative, 

CoUj'NH-CeH.-O-COC.H^, 
which  is  alone  formed  when  the  bensoylation  ia  carried  out  in 
pyridine. 

Twenty-five  o.c*  of  benioyl  chloride  are  added  to  a  solution  of 
8  grams  of  the  material  in  12  c.o.  of  pyridine,  the  mixture  being  kept  for 
twenty-four  hours.  The  solid,  which  is  obtained  on  dilution  with  dilute 
sulphurie  add,  is  collected  and  washed  with  water  and  aqueous  sodium 
csrbouate,  and  recrystallised  first  from  alcohol  and  then  from  petroleum 
(b.  p.  120"^).  It  oiystalltses  in  yellowish-white,  lustrous  plates,  melting 
at  114 — 115^.  8^ce  it  is  innoluble  in  aqueous  or  alcoholic  sodium 
hydroxide,  the  benzoyl  group  has  repUuMd  the  hydrogen  of  the 
hydfoxyl  group : 

0-2501  gave  9-8  c.c.  of  moist  nitrogen  at  9  4°  and  773  mm.  N-4-79. 

Cj,,Hjr,0.,N  rciiuires  N  =  4'84  per  cent. 

An  attempt  to  prepare  a  moiioacetyl  derivative  was  unsaccessful| 
Calm's  diacetyl  derivative  being  the  sole  product. 

jnAeny^tns,  CsHsBr^'KH^CeHsBr-OH. 

The  bromination  of  /j-hydroxydiphenylamine  is  carried  out  in 
glacial  acetic  acid  solution  in  the  presence  of  sodium  acetate.  After 
some  experience,  good  yields  of  pure  material  can  be  obtained^  but 
success  depends  greatly  on  the  rate  of  addition  of  the  bromine  and 
the  temperature.  Unless  the  latter  is  kept  low  and  the  addition 
of  the  bromine  made  slowly  and  with  efficient  stirring,  considerable 
quantities  of  more  highly  brominated  compounds  are  formed. 

7*4  Grams  cf  the  diphenylamine  and  9*6  grams  of  anhydrous 
sodium  acetate  are  dissolved  in  200  c.c  of  glacial  acetic  acid.  To 
this  mixture  a  solution  of  19*2  grams  of  bromine  in  100  c.c.  of  glacial 
acetic  acid  is  slowly  added,  the  mixture  being  both  cooled  and  stirred 
during  the  operation.  As  the  bromine  is  added,  the  originally 
colourless  liquid  becomes  of  a  deep  olive-green. 

It  is  very  important  that  both  the  materials  and  the  solvent  should 
be  as  nearly  as  possible  anhydrous.  In  the  presence  of  even  small 
qusntitieB  of  water,  the  bromine  acts  as  an  oxidising  agent,  converting 
tiie  bydroxydiphenylamine  into  a  quinoneanil  (see  introduction). 

Before  isolating  the  tribromo-derivative  from  the  acetic  acid,  it  is 
advisable  to  reduce  any  quinoneanil  which  may  have  been  formed 
by  warming  with  a  small  quantity  of  siuc  dust.  The  colourless 
filtvate  is  then  mixed  with  80  co.  of  water,  whereupon  tribromo- 
hyvfamxy diphenylamine  (11*6  grams)  crystallises  out  in  white  needles 
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which  are  approximately  pura.  Addition  of  a  further  80  c.c.  of  water 
to  the  warm  filtrate  causes  the  separation  of  a  smaller  quantity 
(2*4  grams)  of  a  somewhat  less  pare  materiaL 

The  material  thns  isolated  contains  a  small  quantity  of  a  tetra- 

bromohydroxydiphenylamine.  The  two  coinpounfb  can,  however,  he 
separated  by  dissolving  the  mixture  in  petioleuin  (b.  p.  120°),  in  which 
the  tribromo- derivative  is  very  sparingly  soluble,  whilst  the  tetra- 
bromo-derivative  dissolves  readily.  The  former  crystallises  in  long, 
colourless  needles,  melting  at  153'^>  and  is  readily  soluble  in  alcohol, 
acetic  acid,  benzene,  or  acetone,  but  somewhat  less  so  in  chloroform, 
from  which  solvent  it  can  bo  recrystallised.  It  dissolves  in  aqueous 
sodium  hydroxide.  With  hydrochloric  acid  in  anhydrous  solvents, 
it  does  not  give  a  precipitate  of  the  hydrochloride  as  does  the 
UDSubstituted  hydroxydiphenylamiue,  but  the  solution  in  sulphuric 
acid  has  the  characteristic  green  coloration  of  solutions  of  the  salts ; 
on  adding  water,  the  hydroxydiphenylamine  is  precipitated  anclianged  : 

0  1636  gave  0*2170  AgBr.   Br  -  56-49. 

OijHgONBr,  requires  Bra 66*85  per  cent. 

Tribramo^naoxjfdiphenylaminBt  C^HjBrj'NH-CgHaBr'O'CO'CgH^, 
was  prepared  by  means  of  bensoyl  chloride  and  pyridine.  One  gram 
of  the  hydroxydiphenylamine  was  dissolved  in  6  ex.  of  pyridine  and 
treated  with  0*6  c.c  of  benzoyl  chloride.  The  mixture  was  kept  for 
three  days,  when  crystalline  aggregates  had  separated.  After 
removal  of  pyridine  by  treatment  with  dilate  sulphuric  acid,  the 
crystals  were  collected  and  washed  with  aqueous  sodium  carbonatB. 
Tiio  couipound,  which  is  soluble  in  all  the  usual  organic  solvents,  was 
finally  jnuitied  by  recrystallisation  from  petroleum  (b.  p.  120°), 
separating  in  white,  prismatic  crystals,  melting  at  147^  ; 

0-1514  gave  0  1633  AgBr.    Br  =  45-9. 

Ci^d^j^^^Br,  requires  Br  »  45*6  per  cent. 


!ZVi^]no^i'no}ie(itit^.    2 :  A-Dibr^maphmifliminobromoquinone, 

Br 

Br<^^N:CgH3Br:0. 

Tho  tiibromohydi  oxydiphenylamine  can  be  oxidised  in  benzene  solu- 
tion by  mercuric  oxide,  or  iu  acetic  acid  solution  by  nitrous  acid  or 
chromic  acid,  to  tho  corresponding  quinoneanil.  Tlie  conversion  is 
preferably  carried  out  by  the  reagent  last  mentioned. 

One  gram  of  the  hydroxydiphenylamine,  dissolved  in  50  c.c.  glacial 
acetic  acid,  is  added  to  a  solution  of  0  24  gram  of  chromium 
trioxido  (50  per  cent,  excess)  in  50  c.c.  acetic  acid.  The  reaction  is 
very  rapid.    Sixty  cc.  of  water  are  then  gradually  added,  whereupon 
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a  separation  of  bright  criauon  crystals  takes  place.  The  material, 
which  18  readily  soluble  in  the  usual  organic  solvents,  is  recrystallised 
from  petroleum  (b.  p.  90^).  It  separates  in  aggregates  of  long,  red 
needles,  which  melt  at  112*' : 

0  1895  gave  0-2555  AgBr.    Hr  -  57  37. 

0-2990    „    9-0  c.c.  of  moist  uiliogen  at  16-l^and  752-4  mm.  N  =  3*47. 
C„U^ONBr,  requires  Br  ==57-24 ;  N  =  3*34  per  cent.* 

The  quinoneanil  can  be  very  readily  converted  into  the  hydroxy- 
diphenylamine  in  acetone  solution  by  zinc  dost  and  acetic  add. 

In  the  oxidation  of  the  hydroxydiphenylamine,  the  use  of  insufficient 
oxidising  agent  is  followed  by  the  formation  of  a  deep  purple, 
crystalline  sOlid,  melting  at  142^.  It  is  less  soluble  than  the 
quinoneanil,  into  which  it  is  converted  by  further  treatment  with  the 
oxidising  agentL  Moreover,  on  reducing  this  substance  in  acetone 
solution  with  zinc  dust  and  acetic  add,  the  original  hydroxydipheuyl- 
amine  is  formed.  This  compound  is  probably  a  complex  oondensatioa 
product  of  molecular  proportions  of  quinoneanil  and  hydroxydiphenyl- 
amioe  analogous  to  the  quinhydrones. 

Constitulion  of  the  Tribromoquiuoneanil. — Quinoneanils  are  readily 
hydrolyted  by  sulphuri'3  acid,  wiiich  miy  be  when  necessary  diluted 
with  acetic  acid.  Generally,  the  aniline  and  qumone  thus  formed  can 
be  isolated  with  ease,  but  in  this  case  considerable  difficulty  was 
experienced.  A  solution  of  0  5  gram  of  the  quinoneanil  in  25  c.c.  of 
acetic  acid  was  mixed  with  18  grams  of  sulphuric  acid  dissolved  in 
10  CO.  of  acetic  acid.  On  warming  the  deep  red  liquid  for  a  few 
minutes,  the  colour  changed  to  a  pale  brown.  Very  little  solid 
separated  on  addition  of  water,  and  it  could  not  be  reco<:;nised  as 
monobromoquinone.  The  mother  liquor  was  made  alkaline  by  means  of 
sodium  hydroxide,  and  then  distilled  in  a  current  of  steam.  The 
colourless,  crystalline  material  which  distilled  melted  at  79*5°,  and  a 
mixture  with  2  :  4-dibromoaniIine,  which  has  the  same  melting  point, 
melted  at  79 — 80^  The  substance  was  heated  with  acetic  anhydride, 
and  yielded  a  derivative  which  melted  at  143^  and  did  not  lower  the 
melting  point  of  2  : 4-dibromoacetauilide. 

Aiiempis  to  Frtpare  Month  and  IMromO''^hydroxydiphmylamiM, 
— A  number  of  attempts  were  made  to  prepare  mouobromohydroxy' 
diphenylamine^  using  molectilar  proportions  of  bromine  and  jp-hydroxy- 
diphenylamine  in  acetic  add  or  chloroform,  the  bromine  being 
cautionsly  and  gradually  addei}  to  the  solution  of  the  diphenylamine. 
With  both  solvents,  a  green  solution  was  obtained.  The  acetic  add 
solution  was  treated  with  a  little  zinc  dust  in  order  to  reduce 
quinoneanil,  and  then  predpitated  with  sodium  acetate  solution,  the 

*  We  are  indebted  to  Mr.  Emrys  Morgan  for  the  analyses  of  \Xl\a  ;iiub8tance. 
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object  of  the  latter  being  to  deoompose  any  soluble  hydrobromide.  The 
solid  which  separated  was  of  very  indefinite  meltring  point,  but  on 
recrystallisation  from  dilute  alcohol  gave  erjstals  of  the  tribromo- 
derivative.  No  other  material  besides  unchanged  p-hjdroxjdipbenyl- 
amine  could  be  discovered  in  the  mother  liqaore.  Evaporation  of  the 
solvent  from  the  chloroform  solnlions  left  a  green,  oily  hydrobromide, 
which  on  treatment  with  aqueous  eodium  hydrogen  carbonate  yielded  a 
solid.  Orystallisation  from  petroleum  did  not  bring  about  any 
separaUon  of  this  solid,  but  crystallisation  from  dilute  acetic  acid  led 
immediately  to  the  isolation  of  the  tribromo-p-hydrozydipheuyl- 
amine. 

After  these  failoree,  an  attempt  was  made  to  brominate  the 
hydroxydiphenylamine  in  the  solid  state  with  the  vapour  of  bromine. 
The  subetanoe  in  a  finely-powdered  condition  was  spread  out  on  a 
dock  glass  and  treated  with  the  vapour  of  one  molecular  proportion  of 
bromine.  The  latter  had  entirely  disappeared  in  three  days,  the 
subetanoe  becoming  green  in  colour.  The  green  solid  was  treated  with 
sodium  carbonate,  and  then  extracted  with  petroleum  (b.  p.  85-^105^). 
The  melting  point,  originally  low  and  indefinite,  gradually  rose,  and, 
after  recrystalliaation  of  the  material  of  the  highest  melting  point 
from  dilute  acetic  acid,  tribromohydroxydiphenylaminL'  was  isolated. 
From  the  first  petroleuai  mother  liquors,  the  unaubj>tituled  hydroxy- 
diphenylamine was  obtained  in  a  pure  state. 

Treatment  of  /^-hydroxydiphenylamine  in  acid  solution  with  alkaline 
sodium  hyjwbromitc,  prepared  from  one  molecular  proportion  of 
bromine,  leads  mainly  to  oxidation  and  cleavage ;  quiuone  can  be 
isolated  in  quantity. 

TUrahromohydroseifdiphmyUtmtne,     2 :  i-Dibromophmyl'T,  :  6'*dt6rojiio- 
4*-h^drQxyphm^mimt  G0H3Br,*NH*CeH,Br,*OH. 

The  tetrabromohydroxydiphenylamine  was  in  the  first  instance 
isolated  from  the  petroleum  mother  liquors  obtained  in  the  purification 
of  the  tribromohydroxydipheoylamine.  Although  the  proportion  of 
the  tetrabromo-derivativo  is  very  siiiill,  the  great  difference  in  the 
solubility  of  the  two  substances  iti  this  solvent  permits  of  a  sharp 
separation.  The  residue  left  on  evaporating  the  petroleum  mother 
liquor  was  dissolved  in  glacial  acetic  acid,  to  which  when  cold  a  few 
drope  of  water  were  added,  whereupon  colourless  needles  separated. 
After  repetition  of  this  procedure  the  melting  point  was  constant  at 
144°: 

0-1929  gave  0'2896  AgBr.  Br-eS*87. 

Oi,HrOKBr4  requires  Br  »  63*85  per  cent. 
A  number  of  attempts  were  made  to  prepare  the  tetrabromohydroxy- 
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dipbenylamina ;  on  Uio  hand,  by  brominAting  tbe  tribromo-deriv* 
ativ#  in  aotiio  aoid  MlaUon  either  with  or  withont  sodium  aoetat^ 
and,  on  the  other,  by  direct  bromination  of  the  p-hydroxydiphenyl- 
amine,  bnt  in  no  caae  was  more  than  a  very  email  amount  of  the 
snbitanoe  iaolated.  The  tribromo-derivatiTO  was  mainly  oxidised  to 
quinoneanili  and  the  /^-hjdroxydiphenylamine  was  oonvorted  into  the 
tribromo-derivative  and  then  oxidised. 

On  attempting  the  bromination  in  chloroform, '  however,  better 
results  were  obtained.  The  />-hydroxydipbenylamine,  when  small 
quantities  are  used,  yieldsj  an  impure  specimen  of  the  tetrabromo- 
derivative,  but,  if  the  bromination  is  attempted  on  a  large  scale,  a 
complex  mixture  of  bromo  ilcrivatives  results. 

The  tetrabromohydroxydiphoDylamine,  however,  can  be  readily 
prepared  from  the  tribromo-derivative  in  chloroform  solution. 

Preparulion  of  I'ttrabromoJtydro^rydiphenylamine. — To  a  suspension  of 
5  graoiH  of  the  tribromohydroxydiphenylamine  in  100  c.c.  of  chloro- 
form one  molecular  proportion  (2'01  grams)  of  bromine  is  gradually 
added  whilst  the  mixture  is  boiled.  Hydrogen  bromide  is  slowly 
ovolv^ed,  finrl  tbe  whole  solid  finally  dissolves.  The  solvent  is  then 
evaporated,  and  the  residue  is  crystallised  by  dissolving  in  glacial 
acetic  acid  and  then  adding  a  trace  of  water. 

Tetrabromohydrox  vdiphenylamine  crystallises  in  aggregates  of  white 
needles,  melting  at  143 — 144°.  It  is  far  more  readily  soluble  in 
ehloroform  or  petroleum  than  the  tribromo<^erivati7e,  but  is  not  so 
readily  soluble  in  acetic  acid  containing  a  small  quantity  of  water. 

O^HjBrj-NH-OeHgBrj-O-OO'CeHfi 
— ^The  bensoylation  was  readily  carried  out  in  pyridine  solution,  when 

the  bensoyl  derivative  separated  almost  immediately  on  adding  the 
benaoyl  eUoride.  The  benzoyl  derivative  is  best  purified  by  reorystal- 
lisation  from  petroleum  (b.  p.  120^),  from  which  it  separates  in  snow- 
white  aggregates  of  needles,  melting  at  178^  .  It  is  insoluble  in  sodium 
hydroxide,  and  spanngly  soluble  in  the  ordinary  organio  solvents : 
0-1477  gave  0  1827  AgBr.  Br«62-64. 

CjgUjjOjNBr^  requires  Br  =  52*87  per  cent. 

TetrabrumojuinoHeanU.     2  ;  4  *  Dihvomophtnylimino  •  2' :  b'  'dibromo* 

_Br  Br__ 

gtitROns,  Br<^  z^'^* 
^  ~Br 

The  tetrabromohydroxydiphenylamine  was  oxidi:^Gd  in  glaciul  acetic 
aoid  solution  with  consideniblo  excess  of  chromium  trioxido  ai  ihc 
ordinary  temperature.    On  adding  water,  branching,  twig-like  groups 
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of  needles  fieparatedi  melting  at  159^.  Subsequent  recrystallisatioii 
did  not  change  the  melting  point.  This  compound  is  very  soluble 
in  chloroform  or  benxene;  it  is  moderately  soluble  in  cold  acetic 
aeid»  and  very  sparingly  so  in  cold  alcohol  or  petroleum.  These 
properties  permit  of  its  being  readily  recrystallised  either  from 
petroleum'or  alcohoL   It  forms  dark  red  needles  with  a  bronzy  lustre : 

01875  gave  0*2816  Ag  Br.   Br  -  63*91 . 

CjsHjONBiVj  requires  Br«64'll  percent. 

Hydrolysis  of  the  Quinoneanil. — One  gram  of  tho  tetrabromoquinone- 
anil  was  dissolved  in  25  c.c.  of  concentrated  sulphuric  acid,  forming  a 
deep  crimson  solution.  On  adding  rapidly  20  c.c.  of  water,  the  mix- 
ture being  allowed  to  become  heated,  the  red  colour  was  replaced  by  a 
pale  yellow  colour.  Five  c.c.  more  water  were  now  added,  whereupon  a 
yellow  solid  separateil.  This  precipitate  was  collected  and  recrystal- 
lised from  alcohol.  It  formed  yellow,  iridescent  plates,  melting  at 
ISB  ^"^,  the  melting  point  of  2 5-dibromoquinone.  Analysis  showed 
it  to  be  this  compound  : 

01602  gave  0  2261  AgBr.  Br»601. 

O^HiOgBr,  requires  Bra 60*13  per  cent. 

The  sulphuric  acid  mother  liquor,  from  which  the  quinone  was 
separated,  was  distilled  in  a  current  of  steam,  when  a  solid,  crystal- 
lising in  white  needles,  passed  over.  Its  meltiog  point  and  the  melt- 
ing point  of  the  aoetaniUde,  obtained  from  it  by  treatment  with  acetic 
anhydride,  showed  it  to  be  2 : 4'dibromoaniline. 

F$nia6remohydroxydiphenylamine.     2:4- DibromopIienyltribromO'  4t  - 
hydroxyphenylamine,  CjHjBrj-NH'CgHBra'OH. 

Indications  of  the  existence  of  pentabromohydrozydiphenylamine 
were  obtained  in  an  attempt  to  prepare  the  tetrabromo-derivative 
directly  from  hydroxydiphenylamine  dissolved  in  chloroform,  the 
calculated  quantity  of  bromine  being  used;  but  recrystallisation 
of  the  product  from  chloroform  or  acetic  acid  failed  to  free  the 
pentabromo-derivative  from  a  more  highly*brominated  material. 
The  pentabromo-derivative  was  subsequently  prepared  by  treatment 
of  the  tetrabromohydroxydiphenylamine  in  chloroform  solution 
with  one  molecular  proportion  of  bromina  Both  boiling  the 
mixture  and  heating  under  pressure  at  100^  failed  to  make 
the  bromination  anything  but  a  very  slow  process.  Moreover, 
the  product  of  the  reaction  was  not  the  pure  pentabromo- 
derivative^  and  the  latter  could  only  be  isolated,  and  then  with 
considerable  loss,  by  repeated  reeiyatallisation  from  ehloroform. 
It  was  found,  however,  that  the  yield  was  greatly  improved  when 
the  chloroform  solution  was  exposed  to  sunlight.    The  following 
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procedure  gave  m  eatiafaetory  result.  One  gram  of  the  tetrabromo- 
derivaiiTe  was  dissolved  in  60  c.c.  of  chloroform,  and  one  molecular 
proportion  of  bromine  (0*3  gram)  added.  The  mixture,  which  was 
contained  in  a  stoppered  bottlci  was  then  exposed  to. sunlight  until 
the  colour  of  the  bromine  had  disappeared,  a  few  hours  to  several  days 
beinf^  necessary  for  this  change,  according  to  the  intensity  of  the  light. 
Jjuiiug  tho  reaction,  colourless  needles  grailiially  separated.  They 
were  collected  and  washed  with  chloroform,  and  when  dried  weighed 
0  75  gram.  They  melted  at  206 — 207\  and,  after  recrystallisation 
from  chloroform  or  acetic  acid,  at  207 — 208°.  Analysis  showed  that 
these  crystals  were  the  pentabromo  derivative  ; 
0-1684  gave  0-2719  AgBr.    Br- 68-71. 

Ci^H^ONBr^  requires  Br =68*94  per  cent. 

With  the  exception  of  acetone,  this  compound  is  but  sparingly  soluble 
in  the  usual  orgudo  solvents,  and  can  be  readily  crystallised  from 
chloroform  or  aoetic  acid. 

PmMrmnobenxoxi^iphMjfUi^^  O^,Br,-NH*O0HBr,*O*OO*C0H^ 
^The  bttizoylation  is  carried  out  by  treatment  with  benzoyl  chloride  in 
pyridine  solution,  and  the  benzoxy-derivative  isolated  by  treatment 
with  dilute  sulphuric  acid.  Purification  is  effected  by  recrystallisation 
from  petroleum  (b.  p.  120°),  from  which  solvent  it  separates  in  small 
needles,  melting  at  176^.  This  compound  is  sparingly  soluble  in  all 
the  usual  solvents : 

01260  gave  0-1714  AgBr.    Br  =  57  89. 

C]^i}H}0O|NBrg  requires  Br  =3  58*46  per  cent. 

PentabromoquinoiManil.    2  *.  i-Dibrovwphenyiiminolribromoquitwne, 

Br<^  ^-NIO^HBr,:©. 

Owing  to  the  insolubility  of  the  pentabromohydroxydiphenylamine 
in  aoetic  acid,  100  cc.  of  acetic  acid  at  3^  are  required  to  dissolve  0-5 
gram*  This  solution  was  added  to  some  excess  of  chromium  trioxide 
in  25  c.c.  of  the  same  solvent,  when  oxidation  took  place  rapidly. 
Separation  of  the  quinoneanil  was  brought  about  by  the  addition  of 
60  O.C.  of  water.  It  was  purified  by  crystallisation  from  petroleum 
(b.  p.  120**),  and  separated  in  dark  crimson  prisms^  which  exhibited 
very  marked  twinning  and  melted  at  157*^.  It  is  readily  soluble  in 
chloroform,  benaene,  or  acetone^  and  sparingly  so  in  alcohol  or 
petroleum : 

0-185ff  gave  0*3002  AgBr.   Br  «  68*87. 

CjgH^ONBr^  requires  Br  =  69-18  per  cent. 

Hj/drolyns  of  Fm^abromoquinoneanil.—^ThQ  hydrolysis  was  carried 
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out  In  the  manner  described  above,  iribromoqainone  fleparatiDg 
directly  from  the  dilated  soliitioii  of  the  quinooeanil  in  snlphimc 
aoid.    On  recryetalllsing  the  quinone  from  alcohol,  it  was  obtained  in 

characterijitic  golden  plates,  melting  at  147°,  and  not  lowering  the 
melting  {yoint  of  a  specimen  prepared  directly.  The  acid  mother 
liquor  from  the  quinone  was  rendered  ulkaline  with  sodium  hydroxide, 
and  distilled  in  a  current  of  steam.  2  :  4-Dibromoaniline  passed  over, 
and  was  recognised  in  the  usual  manner. 

Heptahraniohydroxydiphenylamine.    s-Trihromophenyl-^' :  3' :  5'  x^'» 

Kumeroos  attempts  to  brominate  the  pentabromo-deriTatiire  by  treat- 
ment in  chloroform  or  acetic  acid  solution,  either  at  a  high  temperature 

underpressure  or  by  exposure  to  sunlight,  led  to  no  result.  On  heating 
the  pentabromo-derivative  in  the  absence  of  a  solvent  with  one  molecular 
proportion  of  bromine  in  a  scaled  tube  at  100°,  biomination  took  place 
slowly.  Examination  of  tho  product  showed,  however,  that  the  hexa- 
bromo-derivative  is  not  formed,  but  that  half  of  tho  pentabromo- 
derivative  was  converted  into  lieptabromohydroxydipheDylamine.  In  * 
subsequent  experiments,  when  two  molecidar  proportions  of  bromine 
were  used,  the  yield  of  heptabromohydroxydiphenylamine  was  quan- 
titative. The  heptahromo-compound  could  also  be  prepared  directly 
from  the  unsubstituted  p-hydroxydiphenylamine.  For  thin  purpose, 
2  grams  of  the  hydroxydiphenylamino  were  placed  in  a  stoppered 
bottle  and  moistened  with  3  0.0.  of  chloroform,  and  the  calculated 
quantity  (seven  molecular  proportions)  of  bromine  introduced.  The 
bottle  WAS  kept  in  a  warm  place,  the  evolution  of  hydrogen  bromide 
being  at  first  very  rapid  \  but  later  it  was  necessary,  in  order  to  com- 
plete the  bromination,  to  heat  the  bottle  on  the  water  bath.  All  the 
solvent  was  evaporated,  and  the  solid  residue  dissolved  in  boiling 
aoetio  aeid.  On  cooling,  the  heptabromo-derivative  separated  in  1^ 
almost  pure  state.  The  yield  was  small,  but  this  procedure  is,  how- 
ever, to  be  preferred  to  the  biomination  of  the  pentabromo- 
compound. 

The  substance  can  be  recrystallised  from  acetic  acid,  from  which 
solvent  it  separates  in  characteristic,  lustrous,  transparent  rhombs,  a 
feature  which  distinguishes  this  compound  from  all  the  other  bromo. 
hydroxydiphenylamines  herein  described.  It  melts  at  173®,  and  is 
more  soluble  in  the  usual  solvents  than  the  pentabromo-derivative, 
being  particularly  soluble  in  chloroform,  benzene,  or  acetone,  and  less 
so  in  acetic  acid,  alcohol,  or  petroleum  : 

0107  gave  0-1893  AgBr.  Rr  =  75-20. 
0  1578    „    O  JJ508  AgBr.    Br  =  75-73. 
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01479  gave  0-8633  AgBr.   Br  -  76-73. 

Oi^^ONBr,  requires  Br -75*86  per  cent. 

The  first  of  the  an&ljiep  was  that  of  a  speeimen  prepared  from  the 
peatahromo-derivatiTe,  whereae  the  two  latter  were  of  epeoimens 

prepared  directly  from  /j-hydroxydiphenylamine. 

ffeptabromobenzoxydiphenylaviirie,  C^HjBrg* N H* CgBr^' 0* CO* C^Hj. — 
This  compound  was  prepared  in  the  usual  manner  from  the  hepta-' 
bromo  dorivative.  It  can  be  recrystallihed  from  alcohol  or  acetic  acid, 
and  forms  characteristic,  transparent  rhombs,  melting  at  206°.  Its 
crystalline  habit  is  in  marked  contrast  to  that  of  the  other  benzoyl 
derivatives.  It  is  very  sparingly  soluble  in  all  the  usual  organic 
solvents  with  the  exception  of  chloroform  : 

0-1101  gave  01715  AgBr.    Br  =  66-29. 

Cj^HgOp^Brj  requires  Br  »  66 '49  per  cent. 

C.HjBrg-NICeBr.rO. 

This  quinoneauil  was  prepared  by  adding  a  warm  solution  of  0'5 
gram  of  heptabromohydroxydiphenylamine  in  50  c.c.  of  acetic  acid  to 
a  solution  of  some  excess  of  chromium  trioxide  in  25  c.c.  of  acetic  acid. 
The  liquid  rapidly  became  deep  purple,  and  on  adding  water  a  black, 
crystalline  powder  separated.  This  substance  is  moderately  soluble  in 
chloroform,  acetone,  or  benzene,  forming  deep  violet  solutions,  but  it 
oan  be  recrystallised  from  alcohol,  in  which  it  dissolves  sparingly.  It 
forms  lustrooe;  crystalline  spicules,  which  are  black  by  reflected  light» 
but  puce- brown  by  transmitted  UghU   It  melts  at  185^  i 

0*1053  gaTO  01874  AgBr.   Br  -  75*81. 

CuHiONBr^  requiree  Br  -  75*72  per  cent. 

The  qainoneanil  dtseolves  bat  sparingly  in  conoentrated  enlphuric 
acid.  Gantioas  addition  of  water  to  the  deep  crimeon  solution  results 
in  hydrolysis,  and,  on  cooling,  bromoanil  separates.  It  was  recrystallised 
from  benzene,  and  separated  in  the  nsoal  lustrous  crystals,  which  were 

not  molten  at  277°,  and  readily  sublimed. 

On  further  addition  of  water  to  the  acid  mother  liquor,  colourless 
needles  of  at-tribromoaniline  are  deposited.  After  recry stall isati on 
from  alcohol,  they  melted  at  119^,  and  did  not  lower  the  melting  point 
of  a  specimen  of  <-tribromoaniline. 

OcU^romohydroTydipJif'nyhLiiunf'.  2:3:4:  ^-Tetrabromophenyl- 
2' ;  3' :  5' :  6  'Ulrabronuhi'-hydroxyplieni/iamine,  C^UBr^'NK'O^Br^'OH. 

In  one  of  the  attempts  to  prepare  hexabromobydroxydiphenylamine, 
the  pentabromo-derivative  was  dissolved  in  some  excett  of  bromine, 
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and  the  bromme  allowed  to  ev&poxate  at  the  ofdinary  temperatUxe. 
A  yellow,  eryrtelline  solid  remained.  On  repeated  recrystalliflatioQ 
from  glacial  aoetic  acid,  the  melting  point  finally  rose  to  222**.  Analysis 
showed  that  the  material  was  an  oetabromo-deriyative : 

01214  gave  0  2226  AgBr.    Br-78  03. 

CioHgONBrj,  requires  Br  =  78-32  per  cent. 

The  octabromo-derivativp  crystallises  in  highly-refractivo,  lustrous 
prisms  from  aeetic  acid,  it  is  moderately  soluble  in  chloroform, 
benzene,  or  acetone,  and  sparingly  so  in  alcohol  or  acetic  acid. 

(hialnvmopiiimneanil.     2 : 3  ;  4  :  ^•TetrahromophenyliminO'^' :  3' :  5' :  6'- 

Mra6nwi07iitiiotM,  CfHBr4*N.CfBr4:0. 

The  oxidation  of  the  octabromohydroxydiphcuylamine  was  carried 
out  with  chromic  acid  in  the  usual  manner.    The  low  solubility  of  the 

hydroxy-compound  necessitated  the  use  of  a  large  quantity  of  solvent. 
As  the  oxidation  proceedeil,  the  solution  became  reddish- violet.  On 
adding  water,  which  caused  the  separation  of  the  quinoneanil  as  a 
black,  crystalline  powder,  the  liquid  became  completely  decolorised. 

This  substance  is  readily  soluble  in  chloroform,  sparingly  so  in  alcohol, 
from  which  it  can  be  recrystallised,  and  moderately  so  in  acetone.  It 
was  purified  by  rocrystallisation  from  alcohol,  and  then  from  slightly 
diluted  acetone.  In  crystalline  habit  and  in  the  colour  of  its  solutions, 
it  resembles  the  heptabromo-compouud.  The  molting  points  also 
are  nearly  identical,  the  octabromo-derivative  melting  at  183%  whilst 
the  heptabromo-compound  melts  at  1 85° : 

0-0875  gave  01 62  AgBr.   Br  «  78-79. 

Ci^ONBrg  requires  Br- 78*52  per  cent. 

Oleayage  of  the  quinoneanil  is  effected  in  the  usual  manner.  The 
bromoanil  separates  directly  from  the  add  solution,  whilst  the  tetra- 
bromoaniline  is  obtained  on  further  dilution  of  the  mother  liquor. 
The  melting  point  of  the  aniline  was  that  of  2:3:4: 6-tetrabromo- 
aniline,  namely, 

The  authors  wish  to  take  this  opportunity  of  expressing  their 
indebted neas  to  the  Grants  Committee  of  the  British  Association  for 
grants  which  have  partly  defrayed  the  cost  of  this  research. 

IjHiTiiurrT  GoLUOB  or  Nobth  Walbs, 
Banoor. 
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XXXI. — The    Keducibility    of  Magnesium  Oxide  by 

Carbon. 

By  Roland  Edqar  Slade,  M.Sc. 

The  invpstigation  already  described  in  a  preliminary  note  (Proo.^ 
1907,  23,  152)  has  been  continued  and  extended,  and,  dnce  the  results 
now  appear  to  be  oonolueiye,  it  is  thought  adYisable  to  publish  a 
complete  aooount  of  the  work. 

Considerable  interest  attaches  to  the  reaction  between  magnesia  and 
carbon,  since,  of  all  the  metallic  oxides,  magnesia  has  longest  withstood 
attempts  to  effect  its  direct  reduction.  Moissan  (2^  BUeiino  Fwmaci^ 
p.  224)  states  that  ''Ifagnesia  may  be  fused  and  kept  liquid  in  a 
carbon  crucible  without  being  reduced." 

In  some  electric  furnace  work  in  which  it  was  neoeesary  to  brasque 
carbon  crucibles  with  magnesiai  it  was  obserred  that  the  walls  of  the 
cmmbb  were  oonsiderably  corroded  in  those  places  where  they  had 
been  in  contact  with  the  strongly  heated  magnesia.  This  led  to  the 
investigation  of  the  cause  of  the  attack. 

On  consideration,  it  became  clear  that  any  reduction  products  formed 
under  these  conditions  might  escape  notice  on  account  of  the  ready 
volatility  of  magnesium  and  the  ease  with  which  it  reacts  with  carbon 
monoxide  and  other  gases  with  which  it  would  come  in  contact. 

During  tlic  progress  of  this  work,  Lebean  has  published  a  paper  on 
the  subject  {Compt.  rend.,  1907,  144,  799),  but  he  considers  that  the 
reaction  only  occurs  between  the  vapours  of  carbon  and  magnesia  at 
the  high  temperature  of  the  electric  arc.  By  the  use  of  a  more 
suitable  form  of  electric  furnace,  in  which  the  heating  is  under  better 
control,  it  is  easy  to  prove  that  reduction  occurs  at  far  lower  tempera- 
tures. 

£XFB&IMBNTAL. 

Smiiu  L — A,  small  piece  of  magnesia  placed  on  a  carbon  ^late  was 
heated  for  some  minutes  in  a  horiaontal  carbon-tube  resistance  furnace 
to  a  temperature  above  the  fusing  point  of  magnesia;  the  magnesia 
was  found  to  have  penetrated  through  the  carbon  plate. 

With  the  object  of  collecting  any  magnesium  which  might  be  set 
free  by  this  reaction,  it  was  decided  to  employ  molten  copper  in  con- 
junction with  Llic  mixture  of  magnesia  and  carbon.  The  copper  served 
as  a  solvent  and  condenser  of  the  metal  vapour,  the  method  being 
similar  to  that  employed  for  aluminium  by  Hutton  and  Petavel  (PhU. 
Trawf.,  1908,  A,  207,  446).  Alloys  containing  up  to  2  per  cent,  of 
m&gnesiuui  were  prepared  in  this  way,  but  the  method  is  not  suitable 
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for  condensing  larger  quantities  of  the  reduced  metal,  apparently  on 
account  of  the  relatively  low  temperature  at  which  the  magnesium 
volatiliscR,  The  objection  to  this  method,  that  the  copper  itself  may 
exert  some  chemical  affinity  for  the  metal  it  absorbs,  appears  to  be  dis- 
proved by  the  absence  of  any  considerable  heat  change  when  molten 
copper  free  from  oxide  is  alloyed  with  magnesium. 

The  experiments  were  carried  out  in  a  vertical  carbon-tube  resist- 
ance furnace  fitted  with  a  side-tube  for  observing  the  temperature  with 
a  Wanner  optical  pyrometer,  the  side-tube  being  kept  free  from 
fumes,  which  would  absorb  some  of  the  light,  by  means  of  a  current 
of  hydrogen  passing  through  it  towards  the  inside  of  the  furnace.  The 


Fic.  1. 


1'crtical  curbon  tnbc/urnncr. 
Scale  l/9th. 


containing  vessel  consisted  of  a  smaller  carbon  tube,  one  end  of  which 
was  closed  with  a  graphite  plug  (see  Fig.  1). 

With  this  type  of  furnace,  a  more  efficient  condensation  of  the 
reduced  magnesium  was  effected  by  constant  additions  of  reduced 
copper  in  the  form  of  fine  powder,  which,  fusing  and  falling  through 
the  strongly  heated  layers  of  the  charge,  collected  and  removed  the 
magnesium.  In  all  experiments  above  1700'^,  an  alloy  containing 
magnesium  was  obtained.  In  one  case,  at  1883°,  for  example,  the 
amount  of  magnesiuTu  in  the  alloy  was  1*6  per  cent. 

That  this  magnesium  was  not  dissolved  in  the  copper  in  the  form  of 
magnesia  was  shown  by  heating  magnesia  and  copper  to  above  the 
melting  point  of  tlio  latter  in  a  wind  furnace  for  half  an  hour,  keeping 

the  mixture  constantly  stiirod.    The  copper  proved  on  analysis  to 

have  taken  up  no  magnesium. 
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Series  II. — A  mixture  of  in.ii^'uesia  and  carhon,  the  mngno  ia  being 
in  excess,  was  placed  in  a  fp*ajihite  boat  in  a  liorizoutul  carbon  tuho 
resigtanco  furnace.  A  rapid  sfrpam  of  nitrogen  was  pa-sed  through 
the  tube  during  the  heating,  whii'li  was  continued  for  twooty  minutes 
at  about  1900'^.  The  exact  temperature  could  not  be  duterminod,  owing 
to  the  formation  of  an  opacjue  tilm  across  the  cool  end  of  the  tube.  On 
examining  the  l»oat,  it  was  found  to  contain  in-fused  magnesia,  qui'e 
white  nnd  free  from  carbon.  A  quantity  of  carbon  in?ufTicieiit  to 
reduce  all  tlie  magnesia  having  been  present,  all  the  carbon  was  used 
up,  leaving  an  excess  of  magnesia  in  the  boat.  This  shows  that  tho 
redacfcioD  takes  place  below  the  fusion  point  of  magceeia. 

In  another  expenmenfc,  a  niztare  of  carbon  and  magnesia  was  plaoed 
in  a  graphite  boat  in  a  furnace  similar  to  that  used  in  the  last  experi- 
ment. A  rapid  stream  of  hydrogen  was  passed  through  the  furnace 
while  the  temperature  was  slowly  raised,  readings  of  the  temperature 
being  taken  with  the  Wanner  optical  pyrometer ;  at  about  1670°,  it  wae 
noticed  that  the  tube  became  filled  with  fumes  which  settled,  forming 
a  grej  film ;  this  was  found  to  contain  traoes  of  magnesium  carbide. 
The  temperature  of  reduction  of  magnesia  by  carbon  thus  probably 
begins  a  little  below  1700**. 

Striu  llL-^lxk  these  experiments,  a  mixture  of  magnesia  and  carbon 
was  placed  in  a  graphite  boat,  which  was  heated  in  a  yacuum  by  the 
resistance  which  it  offered  to  the  passage  of  an  electric  current. 

In  order  more  carefully  to  examine  the  producte  of  the  reaction  and 
to  keep  a  dose  obsenration  on  the  process,  an  electrically  heated 
device  was  mounted  in  a  glass  apparatus  similar  to  that  used  by 
Pring  and  Hutton  in  the  synthesis  of  acetylene  (Trans.,  1906,  89, 
1593).  A  carbon  rod  held  in  graphite  end-pieces,  which  were 
mounted  in  water-cooled  brass  tubes,  served  as  tho  lieater,  tlie  rod 
being  grooved  out  into  tho  form  of  a  boat  to  support  tlio  inixture  of 
magnesia  and  carbon.  The  apparatus  was  exhaustod  and  tlie  ex- 
periments made  in  a  vacuum,  the  gas  generated  being  pumped  out  and 
subsequently  analysed. 

Thcso  experiments  proved  most  successful,  the  magnesia  being 
reduced  and  the  inner  surface  of  the  glass  globe  above  the  heated  rod 
being  coated  with  a  bright  mirror  of  magnesium. 

Id  one  experiment,  a  carbon  rod  10  cm.  long  and  0  7  fin.  in 
diameter  was  used,  aod  the  following  are  particulars  oi  the 
experiment  \ 
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0 

60 
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1 

100 
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45 

2 

115 

18*2 

4 

OA 

— 

5 

■ 

35  c.c.  pumped  out 

6 

KO 

58  If  M 

i 

120 

16-2 

42 

14 

120 

16-0 

41 

15  (current  stopped) 

• 

62  C.C.  pumped  out 

8S 

24 

90 

7-5 

The  temperature  was  approximately  1900^  as  determined  with  the 
Wanner  optical  pyrometer.  The  gaees  pumped  out  were  sabseqiiently 
analysed. 

The  inside  of  the  globe  was  coated  with  a  bright  silver- like  mirror. 
This  metallic-looking  deposit  dissolved  readily  with  effervescence  in 
dilate  hydrochloric  acid,  and  oxidised  to  a  white  oxide  when  heated  in 
air.  Further  proof  of  the  reduction  of  the  magnesia  having  been 
effected,  is  given  by  the  gas  analysifl.  The  last  sample  of  gas  taken 
gave  on  analysis  CO » 67*4,  Hb38*1,  Ns4*4  per  cent.  After 
allowing  for  the  carbon  monoxide  produced  by  the  reaction  of  the 
small  amount  of  residual  water,  this  leaves  a  considerable  excess  of 
carbon  monoxide  produced  by  actual  reduction  of  the  magnesia.  Blank 
experiments  in  which  carbon  rods  were  similarly  heated  in  the 
abeence  of  magnesia  served  to  confirm  this  conclusion. 

SmitB  IV, — vacuum  having  been  successfully  employed  in 
removing  the  carbon  monoxide  from  the  magnesium  before  the  reverse 
reaction  00+Mg«G+MgO  was  complete,  other  methods  were 
attonpted  for  removing  this  carbon  monoxide  and  facilitating  the 
condensation  of  the  magnesium. 

A  mixture  of  magnesia  and  carbon  was  heated  to  about  1 900°  in  a 
rapid  stream  of  hydrogen,  which  then  passed  through  a  water-cooled 
copper  tube  serving  as  a  condenser. 

The  apparatus  used  is  shown  in  Fig.  2.  Tt  consists  of  a  retort 
made  up  of  two  carbon  crucibles,  one  inverted  over  the  other — the 
two  being  held  together  by  graphite  supports.  Jnto  a  hole  in  the 
top  of  this  retort  a  carbon  tube  is  ground,  which  serves  as  an  inlet 
for  the  hydrogen.  In  the  side  near  the  top,  an  outlet  hole  is  bored 
and  ground  to  fit  the  water  cooled  copper  tube. 

The  retort  was  charged  with  a  mixture  of  40  grams  of  magnesia 
and  12  grams  of  carbon  (petroleum  coke),  and  then  embedded  in  a 
granular  carbon  resistance  furnace. 

The  following  are  particulars  of  the  power  used  : 
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Time 
in  imiiat«6» 
0 
6 
7 
18 


Amperes. 
50 
100 
140 
450 


Volts. 
70 

58 
S6 


Time 
in  minutes. 

80 
65 
90 


Amfieres. 

150 

-150 


Volts. 

28 
21 
20 


The  temperature  of  tho  retort  was  probably  ISOQP  to  1900°;  it  was 
certainly  below  the  fusion  point  of  magnesia.*^ 

In  the  condenser  tube  were  found  about  2  grams  of  a  grey  powder. 
This,  on  exposure  to  the  atmosphere,  gave  off  a  little  ammonia,  which 


¥iQ,  2. 


was  recognised  bj  its  odour  and  by  its  action  on  litmus  paper.  The 
powder  was  treated  with  dilute  hydrochloric  acid,  when  70  o.c.  of  gas 
were  evolTsd,  which,  on  analysis,  gave  H2S»49'94,  C^Hi^'^'^^f 
Br«  42*13  per  cent.  A  resljdne  of  carbon  was  left  undissolved,  and 
the  solution  was  tested  and  found  to  contain  only  magnesium  ;  it  was 
quite  free  from  calcium.  The  powder  must  therefore  have  consisted 
of  a  mixture  of  magnesium  together  with  its  nitride,  sulphide,  carbidei 
and  oxide,  and  some  carbon. 

*  About  1920',  according  to  U.  H.  Goodwin  and  B.  D.  Mailey,  Tront,  Amer. 
Hicctroch^M,  &oc,t  1906. 
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The  nitride  would  be  fomied  from  the  heated  magneirimn  on  its 
coming  into  contact  with  nitrogen,  the  sulphide  from  its  coming  ioto 
contact  with  b}  diugen  sulphide,  the  sulphur  being  derived  from  the 
carbon  j  it  is  a  well-known  fact  that  the  sulphur  always  present  in 
commerdiftl  carbon  can  be  partly  converted  into  hydrogen  sulphide  by 
heating  to  2000^  in  a  stream  of  hydrogen.  The  carbon  and  magnesia 
probably  resulted  fruui  the  interaction  of  heated  mague^iuui  and 
carbon  monoxide. 

In  auotiier  experiment,  a  similar  apparatus  was  used,  except  that  in 
place  of  the  water-cooled  copper  condensing  tube  a  carbon  tube  was 
used,  and  a  piece  of  aluminium  weighing  60  grams  was  placed  in  the 
retort  along  with  the  charge  of  magnesia  and  carbon.  A  swift  stream 
of  hydrogen  was  passed  as  before.  It  was  hoped  that  the  aluminium 
would  remove  the  carbon  monoxide  by  reacting  with  it,  forming  a 
mixture  of  alumina  and  aluminium  carbide^  thus:  6A1 4*300^ 
Al.Cg  +  Al.O,. 

Tills  .seems  to  have  taken  place,  for  the  aluminium  was  found  to 
have  been  largely  converted  ioto  carbide,  and  in  the  condenser  tube 
were  found  2  grams  of  magnesium  as  powder  and  a  further  quantity  of 
2  grams  which  had  been  melted  in  the  hot  tube  and  had  run  down  to 
the  bottom,  where  it  solidified.  This  metal  gave  on  analysis 
Mg<*99'4d,  Al«>0'47  per  cent.  If  the  ad  liiion  of  the  aluminium 
was  omitted^  it  was  found  that  in  place  of  the  fused  metal  there  was  a 
mixture  of  magnesia  and  carbon,  formed  doubtless  by  the  action  of 
carbon  monoxide  on  the  molten  metal.  Some  powder  found  in  the 
tube,  however,  was  shown  to  consist  largely  of  metal,  for  it  gave  a 
mixture  of  hydrogen,  acetylene,  and  hydrogen  sulphide  on  treatment 
with  dilute  acid. 

When  the  carbon  monoxide  was  absorbed  by  aluminium,  it  was 
posaible  for  the  magnesium  formed  to  run  together;  without  the 
aluminium,  however,  this  melal  was  oxidised  by  the  carbon  monoxide. 

The  Work  here  recorded  seems  to  prove  satisfactorily  that  magnesia 
is  reduced  by  carbon,  not  only  at  the  high  temperature  of  the  electrie 
arc,  but  as  low  as  1700°. 

Walts  {Trans.  Amer.  Eleclrochem.  Soc,  1907,  11,  279)  mentions  the 
fact  that  carbon  can  be  volatilised  from  a  bed  of  magnesia,  and  he  ob- 
taincdsublimatcti  consisting  of  intimateniixiarejsof  magnesium  oxideand 
carbon  ;  his  explanation  of  the  reaction  is  similar  to  that  put  forward 
here,  although  ho  was  unable  to  produce  evidence  of  the  existence  of 
free  metal. 

The  pre&eut  work,  hoAever,  shows  clearly  that  the  metal  can  be 
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isolated,  although  under  ordinary  conditions  re«oxidation  of  the 
magnesinm  is  effected  by  the  carbon  monoxide,  for  if  some  device  is 
used  for  removing  this  gas^  for  instance,  by  working  in  a  vacuum,  by 
absorption  of  aluminium,  or  by  a  rapid  stream  of  hydrogen,  then 
metallic  magnesium  is  obtained.  The  condensed  magnesium  is  always 
associated  with  small  quantities  of  a  carbide,  which,  on  treatment  with 
water  or  dilute  acid,  gives  off  acetylene.  Small  quantities  of  this 
earbide  are  also  found  together  with  the  mixture  of  magnesia  and 
carbon  in  the  condensate  obtained  when  magaesia  and  carbon  are 
heated  together  io  an  open  furnace.  All  attempts  to  prepare  this 
carbide  from  magnesium  and  carbon  in  anything  like  a  pure  state  failed, 
but  it  was  shown  only  to  give  off  acetylene  on  treatment  with  dilute 
acid.  It  is  therefore  prolMbly  ideutiail  with  J>ei  tholot'.s  carbide,  pre- 
pared by  heating  magiietoium  to  u  red  heat  in  a  .^truaui  of  acutyleiic. 
In  this  case,  it  must  be  formed  by  the  cooling  magnesium  coming  into 
contact  with  acetylene,  which  is  always  present  in  traces  wiiere  carbon 
and  hydrogen  come  together  at  temperatures  of  1700°  and  upwards 
(Pringaiid  Hutton,  Trans.,  1906,  89,  1600). 

In  all  furnace.-s,  unless  very  exceptional  precautions  be  taken,  there 
is  a  considerable  amount  of  hjdro^en  present  duo  to  tho  decomposition 
of  moisture.  In  no  ca?e  was  any  carbide  found  iu  the  hot  parts  of  tho 
furnace.  This  conlirms  tbe  suggestion  that  it  is  idoutical  with 
Berthelot's  carbide,  for  Moissan  showed  that  the  latter  was  decomposed 
at  high  temperatures. 

Finally,  I  wish  to  thank  Dr.  K.  S.  Hutton  for  many  valuable 
anggestiona,  and  for  the  interest  he  Uaa  taken  iu  the  work. 

ELCcnto-CntMioAL  Laboratory,  . 
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XXXII. — ConstittUioil  and  Colour  oj  Azo»campounds. 
Part  IL    The  Salts  of  Parali  ydroxyazO'Compounds 

IV it) I  Acids. 

By  Joan  Jacob  Fox  and  John  Theodobb  Hewitt. 

Some  fourteen  years  ago  (Ber.,  1803,  26,  2975)  one  of  the  authois  of 
tho  pre^nt  communication  observed  tliat  orllio-ajid  metu-cliiorobenzeno- 
azophenols  could  apparently  each  exist  iti  two  different  modifications  ; 
thei>e  were  subsequeutly  found  not  tj  be  isomeric  lis  was  at  first 
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supposed,  but  to  differ  from  oue  aoother  by  half  a  molecule  of  water 
{B9r.^  1895,  28,  799).  The  colour  change  was  so  striking  when  the 
hjdrated  form  was  converted  into  the  anhydrous  substance  that  it 
seemed  improbable  such  a  difference  was  merely  due  to  loss  of  water  of 
crystallisation,  and  further  examination  appeared  desirable.  From  hot 
alcoholic  solutions,  n^chlorobenseneazophAol  separatee  in  brilliant 
yellow  crystals  whieh  are  anhydrous ;  when  water  is  added  to  a  cold 
alcoholic  solution,  chocolate  coloured  crystals  of  the  formula 

are  usually  deposited.  On  endeavouring  to  tind  out  the  exact  condi- 
tions under  which  the  two  forms  might  Ije  obtained,  it  soon  became 
apparent  that  the  hydrated  form  was  generally, although  not  necessarily, 
produced  in  presence  of  a  small  amount  of  free  mineral  acid.  Hewitt 
and  Pope  (Ber.,  1897,  30,  1624)  then  found  that  many  azophenola 
formed  hydrates  when  first  finely  ground  with  concentrated  hydro- 
chloric acid  and  then  washed  with  water,  i\nd  it  was  very  noticeable 
that  dark  coloured  compounds  were  obtained  by  the  action  of  hydro* 
chloric  acid  on  azophenols. 

Salts  of  azo-compounds  with  mineral  acids  had  been  noticed  by 
several  experimenters  ■*  Hewitt  and  Pope  observed,  however,  that  the 
hydrochlorides  could  be  obtained  in  a  pure  condition  by  leading  dry 
hydrogen  chloride  into  bensene  solutions  of  the  szopbenols  and  these 
contained  one  molecular  proportion  of  hydrogen  chloride  per  molecule 
of  aso-eompound.  Since  similar  compounds  were  not  isolated  from  the 
corresponding  ethyl  ethers,  the  idea  occurred  that  the  salts  were 
derived  from  quinonehydrazones.  Professor  P.  Jacobson  pointed  out 
to  the  authors  that  W.  Fischer,  working  under  his  direction,  had  found 
that  benseneaiophenetole  was  far  more  soluble  in  concentrated  hydro- 
chloric acid  than  the  parent  azophenol,  and,  whilst  a  hydrochloride  was 
not  isolated,  a  platinichloride  had  been  obtained  and  analysed.  Further, 
Professor  Jacobson  had  the  great  kindness  to  place  a  number  of 
dissertations  carried  out  under  his  guidance  at  the  authors'  disposal, 
who  confirmed  the  results  contained  therein  and  studied  the  relation- 
ships  of  these  hydrochlorides  to  the  hydrates. 

The  existence  of  salts  of  the  ethyl  ethers  with  mineral  acids  caused 
the  idea  of  a  quinonehydrasone  formula  for  the  salts  to  be  temporarily 
abandoned ;  Farmer  and  Hantsscb,  however,  definitely  adopted  the 
formula 

CgHfi-NH-NICflH^rO 

/\ 
H  01 

in  161)9  (//'tfr.,  1899,  32,  3091),  and  when  Hewitt  obtained  a  fair  yield 
of  benzeneazo-o-nitroplienol  by  the  action  of  warm  dilute  nitric  acid  on 
•  The  literature  in  rclcncd  to  by  Hewitt  and  Tope  (/oc.  cU.). 


Digitized  by  Google 


COLOUR  OP  AZ0-C0MP0UND8.    PART  II.  335 

beoseueQ/o£)iieDul  (Trans.,  1900,  77,  99)  whereas  Koelting  obtained 
/>  nitrobenzeneaaophenol  when  nitration  was  effected  in  concentrated 
snlphimc  add  solution  (Bm',,  1887,  20,  2997)  a  radical  difference  in 

the  constitution  of  the  salts  and  the  azophenols  was  evident,  the  azo- 
phenols  being  regarded  as  hydroxy  lie  compounds,  the  salts  possessing 
the  constitution  which  Fanner  and  Hantzsch  had  adopted.  In  this 
view  Auwora  concurred  {/Jer.,  1900,  33,  and  the  salts  seem  to 

have  been  accepted  by  many  as  i|uinonehydrazoue  derivatives,  although 
Jacobson  records  the  fact  that  hydroxyazobenzeue  also  forms  salts  with 
mineral  acids  {Ber.,  1903,  36,  4107). 

Last  year  W.  B.  Tuck  examined  the  absorption  spectra  of  benzeue- 
azophenol  and  benzeneazophenetole  in  alcoholic  and  concentrated 
hydrochloric  acid  solution,  finding  that  solutions  of  these  substances  in 
the  same  solvent  exliibited  similar  absorptions.  Since  benzeneazo* 
phenetole  imdoabtedly  possesses  the  constitution 

CaH5-N:N-CeH,-0-C2H5, 
benzeneazophenol  is  regarded  by  Tuck  as  having  a  hydroxyazo-structure, 
and  Tuck  further  deduces  from  the  similarity  of  the  absorptions  of  the 
two  substances  in  hydrochloric  acid  that "  this  undoubtedly  proves  that 
the  hydrochlorides  of  both  the  free  p-hjdroxyazo-compounds  and  of  the 
ethers  have  similar  strooturee,  and  consequently  the  hydrochlorides  of 
the  free  hydrozyl  substances  have  an  aio-structure." 

If  this  conclusion  of  Tuck's  be  granted,  it  is  impossible  to  under- 
stand the  difference  in  the  behaTiour  of  hydrozyaso-compounds  to 
substituting  agents  according  to  whether  the  free  acophenol  or  a  salt 
with  a  mineral  acid  were  employed;  if  the  phenol  group  remains 
phenolic,  then  substitution  must  necessarily  first  take  place  in  that 
group. 

V«  Baker  has  more  recently  suggested  a  carbonium  formuUt  for  the 
salts  (Trans.,  1907,  91,  1500),  but  grave  objections  may  be  urged 
against  a  structure  which  inyolves  nitrogen  in  a  quinquevalent  con- 
dition never  before  observed.  Baker  actually  writes  the  general 
formula  as 

If  in  this  formula,  K  =  OH  or  O'CoHg,  there  is  no  apparent  reason 
^hy  the  benzene  nucleus  should  be  so  easily  attacked  by  substituting 
agents,  although  in  a  modified  form, 


CI 

this  objection  as  well  as  the  other  one  regarding  the  valency  of  the 
nitrogen  would  disappear.    Such  a  formula  may  have  some  value. 
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althoagh  one  would  expect  8ttl»tADces  of  ibis  type  readily  to  andei|;o 
isomeric  change  in  a  manner  ciinilar  to  that  exhibited  by  the  analogouslj 
constituted  *<chinoIs"  discovered  by  Bamberger  (B^r.,  190D,  3d,  3600). 

CH, 

 ^  HO<^^H 

*  Whether  Baker  iutends  to  represent  the  hydrochloride  of  benzene- 
azophenol  by     or  ^ 

A,  B. 

is  not  apparent,  for  despite  the  general  formula  shown  in  his  paper,  in 
which  the  meaning  attached  to  R  is  not  stated  {loe.  eit.)^  in  reading  his 
communication  to  the  Society  he  remarked  that  a  hydrogen  atom  such 
as  that  marked  with  an  asterisk  in  formula  B  would  be  peculiarly 
liable  to  substitution.  The  objections  which  may  be  raised  to  formula 
A  have  already  been  stated,  against  B  may  be  urged  the  same  objections 
and  others  in  addition.  In  the  first  place  the  phenolic  group  remaine 
phenolic  and  should  be  peculiarly  liable  to  attack  (quite  at  variance 
with  the  facls)>  secondly  the  observation  made  by  Grandmoogin  and 
Qdsan  ( Atr.,  1907,  40,  4205)  that  ;i-tolueneasosalicylic  add  when  dis- 
solved in  concentrated  sulphuric  acid  is  nitrated  in  the  ortho-positioii 
with  respect  to  the  azo-group  in  the  tolueoe  nucleus.  Further,  bensene- 
aso-a-naphthol  and  its  jMiitro-derivative  both  give  yellow  solutions  in 
neutral  solveats  but  purple  solutions  (absorption  in  the  yellow  and 
green)  in  concentrated  hydrochloric  acid,  so  that  it  may  be  assumed 
that  the  salts  formed  with  acids  are  of  the  same  type.    The  idea  of  a 

salt  containing  such  a  group  as  ^^{^C^  (required  by  formuk  B) 

scarcely  seems  feadble,  but  if  it  be  argued  that  audi  a  grouping  may  be 

quite  stable,  then  surely  a  dimethylamino-group  mast  have  an  opposite 

effect.    To  test  the  point,  /;*dimethyIaminobenzeneazo-a-naphtbol  was 

prepared  ;  its  solutious  in  alkalis,  neutral  solvents,  or  dilute  acid.^  are 
yellow,  but  in  c jnjeiiUatoi  h ydrocliloric  acid  the  solution  is  purple  and 
yields  on  l  oncentratioii  a  hydrochlorid  i  which  contains  two  molecul.ir 
proportions  of  hydrogen  chloride  to  one  uf  the  azo-compounds.  Foruiula 

B  requites  in  this  case  the  grouping  ^^"(^^s)2^>cK,  ,^0^  it  would 
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oerUinly  be  i^emarkable  if  this  groupiug  as  well  as  the  groupiugs 

QI^C<^  and    Qp>C^  were  not  merely  possible  but  also  exhibited 

about  the  same  degree  of  stability  aad  the  same  behaviour  as  salts. 

The  most  decisive  evidence  against  the  formula  B  is  fornished  by 
the  fact  that  the  hydrochloride  of  p-bromobenzeneaiophenol  and  the 
hydfolnramlde  of  /MshlorobenMneasophenol  are  absolutely  different 
sobstancee  regenerating  their  components  on  hydrolyai^i  whereas  the 
formula  B  requires  the  same  substance^ 


for  both.  TtMshitschibabin  has  employed  a  similar  method  with  regard 
to  the  coloured  salts  of  triphenylcarbinol  (aar.»  1907f  40,  3965). 

The  stmctures  discossed  being  unsatisfactory,  some  other  con- 
stitution has  to  be  found  for  the  salts,  which  will  recognise  the 
similarity  in  conatitution  of  the  hydrochlorides  of  the  hydroxyazo- 
componnds  and  their  ethyl  ethers,  and  this  may  he  arrived  at  by 
regarding  the  compounds  with  mineral  acids  as  ozonium  salt? ; 
for  example, 

Not  ouly  does  this;  forniiila  agree  with  the  facts  stated,  but  it 
goes  furtlier  in  that  it  necessitates  iu  each  case  a  longer  cliaiu  of 
alternate  double  and  aingle  linkings  for  the  salts,  which,  as  shown  by 
Hewitt  and  Mitchell  for  the  alkali  salts  of  nitroazophenols,  accom- 
panies the  shifting  of  the  absorption  to  the  red  end  of  the  spectrum. 

it  also  agrees  with  Die  nitration  in  concentrated  sulphuric  acid, 
the  benzene  nucleus  in  acetanilide  and  in  the  sulphate  of  benzeneaxo- 
phenol  being  in  analogous  states. 

In  fact,  the  ortho  -para  law  of  substitution  is  obeyed,  whilst  aromatic 
sulphates  in  presence  of  an  excess  of  concentrated  sulphuric  acid 
nitrate  frequently  in  the  meta- position. 

The  following  constitutions  are  therefore  assigned  to  the  substances 
which  have  been  examined  : 

•  Diiriug  the  piissag*  of  this  coimuunication  through  the  press,  Profeaaor 
Grautlinu.igiu  haa  scut  me  a  copy  of  Dr.  Guisan's  di&SLiUtion  in  w  hich  the  oxonium 
formula  for  the  salts  i;^  advocated.  {Conlribaliun  d  V^ude  dct  diritis  asoiqucM  de 
I'acide  salicylique,  p.  7 J,  Zurich,  1907.) -J.  T.  H. 
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Sabstauoe. 


I 


Beii2»iiea»>-a>Mphi]iol   

cliloride     

Beiueneuo-a-naplithyl  uthyl 

ether   

Ik'uzenoazo-a-iiaphthyl  ethyl 

ether  liydrochloride  

DimethylamiaoboiUMneuo- 

a-naphthol  

Diniethvlamiuobcnzeueazo- 

a-napnthol  monoliydro- 

chloride   

Di  mi'th3'laniiuobeiizeneazo- 

o-uuphthol  dihydrochlor  id 
DimethylaiuinobL'nzcneazo- 

a-uaphthyl  ethyl  ether  

Dimetbvlamuiobeuzeueazo- 

••napnthyl  ethyl  ether 

monohydrochluride   

Diniethylainiiiobt'Mzencazo- 

o-naphthyl  ethyl  ether 

dihydrochloride   

D 1  in  u  thy  la  m  iuo  bcuze  n  ea/o  - 

a-naphthol  methiodide... 
DiliMthylammobeiuMneuo- 

••aa^thol  methooUor- 

ide  hydrochloride  


} 


formula. 


Absorp- 
tion* 


C,H,'N:N*CittH8*0H    Blue  and 

/H  violet 
C«IVNH-N:C,oU.:0<;   Yellow  and 

m31  I  green 

C,H»*N:N«CwH,-0'C,H5  Blue  and 

/U-Hft  violet 
CeH3-NH-N:C,„H6:0((   Yellow  ami 

^Cl  greeii 

(CU,)|N*QsU4*N:N*CmUc'0U   Blue  and 

violet 

ClH(CHa),N-C„H/N:N-CioH«'OH  Blue  ud 

I  violet 

ClH(CH,)aN-C,iH4-NH-N:C,oHs:0<'    ...  Yellow  and 

^Cl    t  green 

(CHj|),N*C,H4-N:N-C»H,'0'C>H,   Blue  and 

violet 

ClH(CH3)5sN-C^H/N:N'C\oHa-0*C3H3  ... 


Bine  and 
▼iolet 

■Yellow  aud 


ClH;CH,)5,N-C«H4-NH-N:C,oH«:0<f^*"* 


I(CU3),N*C-U4-N:N'CjoU.-OH   .Blue  and 

yCl  Violet 
WN^H..NH-H:C^Or    ..  Yellow 


I  green 


It  will  not  escape  attention  that  the  formula 

xa(so,H,  &c) 

is  not  definitely  negatived,  but  the  fact  that  isomerisation  analogoua 

to  tho  transformation  of  the  "  chinols  "  Uoeb  not  take  place,  renders  it 
extremely  improbable. 

Tt  may  ho  added  that  if  the  formula  advocated  in  this  paper  for 
tho  .salts  formed  by  azophenols  with  mineral  acids  is  conect,  the 
hydrates  containing  one  molecule  of  water  are  the  corresponding  pseudo- 
bases,  Ar*NH'N!C,;H^(OH).^.  Farmer  and  Hantzsch  assign  the  same 
structure  to  these  **  abnormal  hydrates "  from  a  different  line  of 
reasoning  {loc.  cit.).  'i'ho  hydrates  containing  only  one  molecule  of 
water  to  two  molecules  of  the  azopbenol  must  theu  be  anhydrides  of 
these  pseudo-bases  and  possess  the  constitution 

[Ar-NH*N:CeH«(OH)-],0. 
Snch  anhydride  formation  from  paeudo-baaes  has  been  occasionally 
obeerved  in  tlie  case  of  other  compounds  (for  example,  Werner,  M^r,^ 
1901,  34.  3305). 
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£XPX&IM£KTAL. 

The  hydrochlorideB  of  beozenMiopbeiiol  and  its  ethyl  ether  have 
already  been  ehown  by  Tack  (Ice.  eiL,  pp.  450,  451)  to  possees  umilar 
abflorpUon  epectra,  aad  he  draws  the  oondumoD  that  they  are  Bunilarly 
oonttituted.  The  suae  relationship  is  observed  in  the  case  of  benzene* 
aio^naphthol  and  its  ethyl  ether  when  dissolved  in  hydrochlorie  acid ; 
the  observations  recorded  in  this  paper  refer  only  to  the  visible  part 
of  the  spectnun.  With  a  layer  4  mm.  in  thickness  we  observed 
for  an  alcoholic  ivyi^OOO  solution  of  benzeneaso-a-naphthol  a  trans* 
misBiott  of  the  visible  spectrum  as  far  as  wave  length  540  flf^  an 
equimolecular  Bolution  of  the  ethyl  ether  transmitting  as  far  as 
510  fxfx.  The  effect  of  forming  the  sodium  salt  is  similar  to  that 
observed  by  Tuck  for  benzenoazophenol,  light  not  passing  through 
beyond  582  /x/i  at  the  same  dilution.  But  solutions  of  the  azo- 
naphthol  and  its  ethyl  other  in  concentrated  sulphuric  aciti  are  violet, 
the  absorption  being  characterised  by  a  strong  and  persistent  band  in 
the  yellow  and  green,  the  limits  of  which  in  A71 0,000  solution  were 
observed  as  600 — 5*25  ^/i  for  the  azonaphtliol  and  600 — 535  fifi  for  its 
ethyl  ether.  The  ethyl  etlier  exhibits  tlie  same  band  in  strong 
hydrochloric  acid  solution,  the  vd^^os,  l)eing  shifted  slightly  towards 
the  violet  end  of  the  spectrum  (590 — 525  fifx)  ;  we  considered  it  as 
well  to  examine  the  absorption  in  both  acids,  as  very  frequently 
sulphuric  acid  is  a  more  convenient  solvent.  Evidently  the  replace- 
ment of  one  acid  by  another  has  no  very  marked  e^ect. 

In  the  case  of  j9-nitroben2eneazo  a-naphthol  (MeldoUy  Trans.,  1S85, 
47,  661)  the  free  asoHSompound  in  neutral  solvents  screens  the  violet 
end  of  the  spectrum  in  quite  the  same  manner  as  the  uosubstituted 
compound,  but  on  adding  alkali  to  the  solution  a  band  is  formed  in 
the  yellow  and  green,  and  the  red  and  blue  ends  of  the  spectrum  are 
transmitted.  One  also  finds  a  persistent  absorption  band  when  the 
asonaphthol  is  dissolved  in  concentrated  sulphuric  or  hydrocUorio 
aeids.  The  head  of  the  band  in  concentrated  hydroehlorio  add  lies 
about  600  ft/A ;  the  band  in  alkaline  solution  is  near  this,  but  much 
broader. 

In  the  case  of  dimethylaminobenzeneaso*a*naphthol  one  hss  to  deal 
with  the  spectra  of  alkaline,  neutral,  dilute  acid,  and  strongly  acid 
solutions.  The  absorption  of  the  neutral  solution  Is  very  similar  to 
that  of  the  unsubstituted  benzeneazo-a-naphthol  ;  the  yellow  solution 
in  dilute  hydrochloric  acid  which  contains  the  monohydrochloride 
differs  in  that  the  absorption  begins  <?lightly  nearer  the  violet  end 
of  the  spectrum  and  the  edge  of  the  h.uid  i^  rendered  much  sharper. 
When,  however,  the  azo-compound  is  dissolvetl  in  concentrated  hydro- 
chloric acid  the  spectrum  changes  entirely,  and  a  baud  appears  in  the 
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yellow  and  greon  Mie  he  d  of  which  is  about  600 /x/ii.  From  suoh  a 
golution  a  dihydrochlorido  is  deposited  on  concentration. 

The  metbiodtde  and  0-ethyl  ether  of  dimelhylaminobenzeneazo-a' 
napbtbol  show  quite  analogous  oolonr  changes  with  variation  in  the 
concentration  of  acid. 

It  has  been  stated  in  the  introduction  that  the  hydrochloride  of 
j^bromobenseneaiophenol  and  thehydrobromide  of  pnyhlorobenzeneaso- 
pheool  are  different  substances.  The  first  of  these  salts  was  described 
by  Hewitt^  Moore,  and  Pitt  {Ber,,  1898,  31,  SI  16),  who  precipitated 
a  bensene  solution  of  the  asopbenol  with  dry  hydrogen  chloride ;  they 
described  the  p-bromobensenessopbenol  as  melting  at  157°,  A  re- 
determination of  the  melting  point  of  their  original  specimen  showed 
that  the  substance  softened  at  154*^  and  melted  completely  at  158° 
(oncorr.).  A  recrystalli&ition  of  the  specimen  from  dilute  alcohol 
raised  the  melting  point  to  158*5^  (162^  coir.).  Hewitt,  Moore,  and 
Pitt  record  154°  for  the  melting  point  of  p-cblorobenzencazophenol,  a 
redetermination  gave  153  5^  (157°  cm-.). 

/;-Bromobenzeneazophonol  was  ground  up  very  finely  with  concen- 
trated hydrochloric  acid,  the  resulting  red,  crystalline  paste  spread  on 
a  porous  tile  and  dried  in  the  air  for  sever.il  days.  The  ;j-chloro- 
benzeneazophenol  was  treated  in  a  similar  manner  with  concentrated 
hydrohromic  acid.  The  result  of  the  exposure  was  that  each  salt  when 
decomposed  into  its  components  contained  less  than  one  molecular 
proportion  of  acid  per  molecule  of  asopbenol,  in  the  circumstances  a 
matter  of  no  moment  as  the  analyses  of  many  salts  have  been 
published.  The  decomposition  was  effected  by  covering  tbe  salt  with 
water,  wanning,  and  gradually  adding  NjiO  solution  of  potassium 
hydroxide  until  the  azophenol  was  dissolved.  The  azophenol  was 
then  precipitated  by  dilute  acetic  acid,  collected,  and  washed ;  to  the 
filtrate  a  few  drops  of  nitric  add  were  added,  and  then  silYcr  nitrate 
in  slight  excess.  The  silver  halide  so  precipitated  was  collected, 
washed  with  water  and  alcohol,  and  dried.  In  this  way  an  asopbenol 
was  obtained  from  the  hydrochloride  of  p-bromobenseneaaophenol 
which  melted  at  158— rl5d**  (uncorr.),  and  which  did  not  depress  the 
melting  point  of  pure  |9-bromobenseneaxopheno1.  The  silver  halide 
contained  Ag  =  75*06  j  AgCl  requires  Ag->  75*28  per  cent. 

Tbe  azophenol  recovered  from  p-cblorobenaeneazophoDol  hydro- 
bromide  melted  at  163*5°  (uncorr.),  whether  alone  or  mixed  with 
p>chlorobenzenea2ophenol.  The  silver  halide  obtained  from  this  salt^ 
contained  Ag«  57*49;  AgBr  requires  Ag  =  57*44  per  cent.  Heuce. 
there  is  no  doubt  that  the  formula 

for  both  these  salts  is  out  of  the  question. 
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That  no  change  analogous  to  the  tuomerimtion  of  "  chinols  "  to  qniool 
or  resoTvinol  deriTativea  had  taken  place  renders  the  formaI« 

(Br)ClCcH,-N:NH:C,H,<^^(,jj  and 

(Bf)ci-o.h,.kh-n:o,h,<^^J^j^ 

vny  improbable.  It  cannot  be  urged  that  two  or  three  days  was  too 
short  a  time  to  wait  for  the  change  to  take  pUoe,  since  it  waa  found 
that  the  original  specimen  prepared  bj  Moore  and  FItt  in  1698  bad, 
owing  to  being  preserred  in  a  corked  speeimen  tube,  lost  practically 
all  its  hydrochloric  acid  and  now  melted  at  157^  (nnoorr.),  its  melting 
point  not  being  depressed  when  mixed  with  |»-bromobenieneaao* 
pbenoL 


A  solution  of  6*8  grams  of  ;7-phenyIeneilimethyldiamine  (or  the 
equivalent  amount  of  giilphato)  in  30  c.c.  water  and  11  fgrams  of 
concentrated  hydrochloric  acid  was  well  cooled  and  diazotised  with  3*5 
grams  of  sodium  nitrite  dissolved  in  a  small  quantity  of  water. 
During  the  process  of  diazotisation  rather  remarkable  colour  changes 
(red  to  preen)  were  observed,  and  the  solution  was  then  poured  into  a 
well-cooled  alkaline  solution  containing  7'2  grams  of  a-naiiht  hol.  The 
solution  immediately  becjime  dark  red,  but  tlie  process  of  combining 
was  allowed  to  proceed  overnight.  To  liberate  the  azonaphthol  a 
stream  of  carbon  dioxide  was  found  to  give  the  best  results,  and  the 
precipitate  after  collection,  washing  with  water  and  drying,  approxi- 
mated to  the  weight  required  by  theory.  From  the  dried  maFS 
imparities  were  removed  by  treatment  with  repeated  quantities  of  cold 
beozene  ;  the  residue  gave  a  brown  solution  with  nearly  all  the  usual 
organic  solvente.  For  analysis  the  substance  was  crystallised  from 
chloroform;  it  separated  in  small,  dark  chocolate  coloured  needles. 
Tbesnbstance  decomposes  on  heating  at  159^  (uncorr.,  ordinary  rate  of 
beating).  It  diBfoWes  in  dilute  acids  with  a  yellow  or  brown  shade ; 
the  colour  in  strong  acids  is  violet  or  purple : 

0*1 271  gave  0*3460  (X),  and  0*0674  H,0.  C  «  74-04 ;  H  -  5*93. 
01361  „  0-3664  CO,  „  0  0720  H,0.  C»74  00;  H-5-96. 
0*1672        20-5  C.C.  N(over  KOH)  at  17°  and  767  mm.  N»  14*28. 

CjgH^^ONg  requires  C  -  74  22  ;  H  ^  5  88  ;  N  =  14*43  per  cent. 

M<mohydrochluride. — The  preceding  substance,  in  virtue  of  its 
dimethylamino-group,  dissolves  easily  in  dilute  hydro<hlcric  ncid  with 
a  brown  colour.  Lite  salt  thus  formed  separates  in  needles,  which 
exhibit  a  metallic  reflex  after  drying : 
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0*1782  gave  0*0798  AgOl.   CI  - 11  07. 

CjgHjgONgCl  i«quue8  CI  - 10*84  per  cent. 
J>ihydroehl<nid$,---'lilnB  salt  is  readily  prepared  by  dissolving  the 
btse  in  benzene  or  chlorofomiy  and  leading  dried  hydrogen  ohloride 

into  the  solution.  The  very  dark  purple  precipitate  is  ooUeefeed, 
washed  with  benzene,  and  dried  in  the  air  : 

0  1778  gave  0-1438  AgCl.    Cl  =  20'no. 

C,gHi,,0NjCl2  requires  Ci-  19-60  per  cent. 

rialiniehloride, — The  platinichloride,  as  obtained  hy  evaporating  the 
azonaphthol  with  a  solution  of  platinic  chloride  in  concentrated 
hydrochloric  acid,  separates  in  a  crystalline  condition,  and  after 
filtering  may  be  washed  with  alcohol  before  drying ;  it  is  the  salt  of  a 
diacid  base : 

0*2113  gave  00594  Ft.  Pt-28*11. 
0-1782       0.0498  Pt.   P(»  27*95. 

CigHj^ONg.HyPtClg  requires  Pt- 27*82  percent 

Methiodide. — The  bise  is  dissolved  in  methyl  alcohol,  tlie  calculated 
amount  of  methyl  iodide  added,  and  allowed  to  stand  several  days. 
Small,  almost  black,  prisms  separate;  the  solutions  of  this  salt  in 
neutral  solvents  are  brown,  but  in  concentrated  acids  a  purple  colour 
is  developed : 

0-1358  gave  0  0732  Agl.  I-2913. 

Oi^H^ONgl  requires  I  -  29*34  per  cent. 

Acetyl  (im'ttrfw.— (CH3)2N-CgH^-N: N-CjoHj-0-CO«CH,. 
The  acetyl  derivative  was  prepared  in  the  usual  manner  by  boiling 
with  acetic  anhydride  and  fused  sodium  acetate.   The  excess  of  acetic 

anhydride  was  removed  by  pouring  into  alcohol,  and  the  acetylated 

base  precipitated  by  the  addition  of  ammonia.  The  substance  is 
soluble  in  the  usual  organic  sal  vents  with  a  brown  shade;  for  analysis 
it  was  purified  by  repeated  precipitations  with  light  petroleum  from 
its  solution  in  chloroform.  The  red  crystalline  powder  thus  obtained 
melted  at  245 — 247°  (uQcorr.}|  and  gave  the  following  result  on 
analvsis : 

0-1444  gave  0  .3798  CO,  and  0  0730  HgO.    0  =  71*73;  H»6-66. 
OmUiAN,  requires  C  «  72  07 ;  «H  «  5*70  per  cent. 

J9snso^  dtrivaHve. — The  benzoyl  derivative  was  prepared  by  the 
Schotten-Baumann  method,  and  purified  by  repeated  precipitation 
with  light  petroleum  from  its  solution  in  chloroform.  Its  colour  in 
the  solid  eondition  is  also  red :  it  may  be  noted  that  both  acetyl  and 
benzoyl  derivatives  have  a  distinctly  lighter  shade  than  the  parent 
Azonaphthol.  The  substance  meltoi  at  193^  (uieorr.)  with  deoom- 
position,  slight  softening  t.&ktng  pla^e  a*;  183^ 
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0  H30  gave  0  3958  CO,  and  0  0864  H.O.    0  =  75  56  ;  H  =  5-35. 
CjjHjiO^g  requires  C-»75-96  ;  H  =  5  32  per  cent. 

DimetkylaminobenzenMSM-a-naphthrjl  ethyl  ether. — The  azonaphthol 
was  dissolved  in  the  calculated  quantity  of  dilute  sodium  hydroxide 
aolution.  Mid  boiled  under  reflux  for  several  hours  *  with  one 
moleoalM  proportion  of  diethyl  sulphate.  The  ethylated  base 
leperttted  as  a  precipitate;  after  collection,  digestion  with  dilute 
sodinm  hydroxide  solntion  and  washing,  it  was  crystallised  from 
chloroform,  being  obtained  in  small  dark  prisma,  melting  with  de> 
eompoettion  at  216^  (unoorr.) : 

0-1028  gave  0*2826  00,  and  0*0636  H^O.   0  »  76*00 ;  H  »  6*82. 
Caon^iONj  requires  0-75'24;  H«b6*59  per  cent. 

Dihydrochloride. — The  violet  solution  of  the  azonaphthol  iu  con- 
centrated hydrochloric  acid  deposited  nearly  black  needles  in 
concentration  ;  these,  after  collection  and  air-drying,  proved  to  be  the 
di hydrochloride,  analysis  of  two  preparations  giving  the  following 
results : 

0-1358  gave  0  1026  AgCl.  01  =  18-66. 
0-1362    „    01016  AgCl.    CI- 18-59. 

GMH^ONgCl,  requires  Cl»  1812  per  cent 

PlaUmMcridM, — Two  platiniohlorideB  were  prepared  showing  that 
the  base  can  exereise  monadd  or  dJadd  fonetions.  By  adding  a 
solution  of  the  base  in  dUnte  hydrochloric  acid  to  alcoholic  platinic 
chloride  a  brown  precipitate  was  obtained,  which  proved  to  be  the 
compound  of  two  molecules  of  the  base  with  one  molecule  of  hydrogen 
plaftiniehloride : 

0-1512  gave  0  0278  Pb.    Pt- 18-32. 

(C2Qll2iON3)2,H2PtClg  re([uires  Pt=  18*60  per  cent. 

The  other  salt  was  obtained  by  evaporating  a  solution  of  the  base 
in  concentrated  hydrochloric  acid  with  platinic  chloride;  it  separated 
in  nearly  black  needles  : 

0*1062  gave  0  0282  Pt.    Pt.  -  26*56. 

0|oH,|ON,,H,FtO]e  requires  Pt- 26*75  per  cent. 

Finally,  it  is  our  pleasant  duty  to  record  our  sincere  thanks  to  the 
Badische  Anilin-  und  Soda-Fabrik,  and  especially  to  Mr.  H.  Zils,  for 
their  kindness  in  placing  a  considerable  quantity  of  p-phenylene- 
dimethyldlamine  sulphate  at  our  disposal,  and  to  Mr.  R.  H.  Fleming 
for  aid  in  the  experimental  work. 

£a«t  Lo>'don  Collsox, 

*  Tha  prolonged  heating  is  probably  nnneoessaiy. 
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XXXIIL — The  Influence  of  Foreign  Substances  on  Tranr 
situm  Temperatures  and  the  Determination  of 

Molecular  Weights. 

By  Harbt  Mbdforth  Bawsov  and  Oolin  Qtbth  Jaoksoh. 

The  object  of  this  paper  is  to  record  the  results  of  experiments  made 
to  determine  tlie  depression  of  certain  so-called  transition  temperatures 
on  the  addition  of  foreign  substances  soluble  in  the  liquid  which  is 
formed  at  the  temperature  of  transition. 

I  The  j^ystems  involved  in  such  transition  phenomena  are  more  com- 
plex than  those  which  are  met  with  iti  the  application  of  the  freezing- 
point  method  of  determining  molecular  weights.  Whereas,  in  the 
case  of  the  freezing  point,  the  temperature  constancy  is  determined 
by  the  oo-ezUtenoe  in  equilibrium  of  a  solid  and  a  liquid  phase  of  the 
same  composition,  two  or  more  solid  phases  are  in  equilibrium  with  a 
liquid  phase,  the  composition  of  which  bears,  in  general,  no  simple 
relationship  to  that  of  the  solid  phases,  when  a  transition  phenomenon 
of  the  type  investigated  in  this  paper  is  in  qnestion.  If  the  change 
is  the  dehydration  of  a  hydrated  substance,  two  solid  phases  parlidpate 
in  the  equilibrium  corresponding  with  the  tiansltion  temperature; 
if  it  is  the  formation  of  a  double  salt  from  two  simple  salts  or 
the  decomposition  of  a  double  salt  into  its  component  simple  stlts 
with  loss  of  water,  the  number  of  such  solid  phases  is  three.  Apart 
froqi  this  difference  in  the  number  of  the  solid  phases  which  par* 
tidpate  in  the  equilibrium  and  the  absence  of  any  simple  rehitioBship 
between  the  composition  of  the  liquid  phase  snd  tlu^  of  the  solid 
phasee,  there  is,  however,  no  essential  dtstinctioiibetween  true  freezing 
points  and  transition  points  of  the  type  referred  to.  The  practical 
constancy  of  such  transition  temperatures  has  been  dearly  demon- 
strated by  Richards  and  Ohurehill  (Zeitteh.  phyaikal.  Cliein.,  1898,  26, 
690),  who  found  the  temperature  at  which  sodium  sulphate  decahydrate 
is  transformed  into  the  anhydrous  salt  to  be  32'379°  (hydrogen  scale). 
Richards  and  Wells  {Zeitsch.  ph)/sikaL  Chein.,  1906,  56,  348)  found 
similarly  that  the  transformation  of  sodiinu  bromide  dihydrate  into 
the  ajiliydious  salt  takes  place  at  50  674:'^  (hydrogen  scale).  Such 
temperatures  liave  been  suggested  as  suitable  fixed  points  for  thermo- 
metric  purposes  (compare  also  Meyerhoffer  and  Saunders,  Zeilsch. 
pJnjsikal.  C7i«w.,  1898,  27,  367;  Richards  and  Churchill,  ibiJ.,  1898, 
28,  313). 

The  depression  of  the  temperature,  at  which  sodium  sulphate 
decahydrate  is  trau&iormed  into  the  anhydrouB  salt  and  a  solution 


DigitizecJ  by  Google 


FOKEIUN  SUBSTANUEis  ON  TUANSITION  TKMFERATUUES.  845 


saturated  with  regard  to  this  sabstance,  on  tho  addition  of  foreign 

soluble  substances,  was  investigated  by  Lowenherz  (Zeitsch.  physikal. 
Chem.,  1896,  18,  70).  A  constant  ropresenting  the  molecular  lower- 
ing of  the  transition  temperature  was  calculated,  and  by  using  various 
non- electrolytes — carbamide,  glycoeoll,  dextrose,  formamido,  and 
glycerol — it  was  found  that  molecular  weight  values  in  close  agree- 
ment with  theory  are  obtained  when  the  molecular  depression  of  the 
transition  temperature  is  taken  as  32 '6. 

This  is  the  numerical  value  obtained  for  the  constant  when  the  con- 
centration of  the  foreign  substance  present  is  referred  to  100  grams  of 
the  decahydrate.  Since  tiio  lowering  of  the  transition  temperature  is 
determined  solely  by  tho  concentration  of  the  foreign  substance  in  the 
solution  formed  at  this  temperature,  it  may  be  doubted  whether  this  ia 
the  most  oonvenisnt  way  of  evaluating  the  constant.  In  the  authors'  • 
opinion,  the  referring  of  tbs  concentration  to  100  grams  of  the  solution 
in  which  the  foreign  substance  is  contained  is  a  more  convenient  and 
correct  procedure.  The  relationslup  between  the  two  constants,  calcu- 
lated in  these  different  ways,  is  determined  by  the  equation  which 
ezpresBes  the  change  taking  place  at  the  transition  temperature  in 
terns  of  the  composition  of  the  solution  formed.  Since  100  parts  of  this 
solution  contain  33*34  parts  of  Na^SO^,  this  equation  may  he  written : 
Na^^lOH^O  -  0-367Na^4 + 0- 100(100H2O,6-33NaaO4). 

From  this,  it  follows  that  100  parts  of  the  decahydrate  yield  87*3 
partsof  solution,  and  the  molecular  lowing  of  the  transition  tempera- 
ture, when  the  concentration  of  the  dissolved  substance  is  referred  to 

87'3 

100  grams  of  the  saturated  solution,  is  32  t)  x  ^_  at  28*5. 

Yan't  Hoff  and  Dawson  {ZeUteh.  2>^^i/8ikal  C^sm.,  1897,  22,  598) 
examined  the  influence  of  foreign  substances  on  the  temperature 
(116-67°,  according  to  van't  Hoff  and  MeyerhofiPer,  ihid.,  1898, 27,  81) 
at  which  magnesium  chloride  hexahydrate  is  converted  into  the  tulra- 
•    hydrate  according  to  the  equation  : 

Mg01y6H,0  -  0'07d5M^Cl„4HaO  +  00568(100H,O,16'2MgCg, 

and  found  similar  regularities,  the  value  of  the  molecular  lowering 
of  the  transition  temperature  referred  to  100  grams  of  the  solution 

being  76, 

The  temperature  (40-41°),  at  which  rubidium  racemate, 

(Rb,C,H,0,)2,  m.o, 
is  converted  into  a  mixture  of  the  anhydrous  d-  and  Z-tai (rates, 
was  found  by  van't  Ilofl'  and  Miiller  {Ber.,  1898,  31,  2200)  to  be 
depressed  on  the  addition  of  rubidium  carbonate.  The  molecular 
lowering,  referred  to  100  grams  of  rubidium  racemate,  was  calculated 
to  be  100.    ^ince  the  bulurated  solution  at  the  transition  temperature 
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coDiains  13*48  moleeoleB  of  tirtmte  per  100  moleeules  of  water,  the 
ebuige  taking  pleoe  may  be  written : 

(Kb,C^H^0a)y4H,0  «  O-TSd-RbjC^H^Ofl  +  0-73/-RbjC\H,O,.  + 

0  040{100HjO,13-48Rb2C4H^O^). 

Aoooiding  to  this,  100  parts  of  raoemate  yield  34*4  parts  of  solution, 
and  the  moleeular  lowering  of  the  transition  temperatnre  referred  to 

34*4 

100  grams  of  the  solution  is  therefore  108  x  -^—i*37'l. 

•8o  far  as  the  authors  are  aware,  these  isolated  observations  are  the 
only  ones  relating  to  the  depreesion  of  transition  temperatures  by 
fordgn  substances,  which  can  be  utilised  for  the  evaluation  of  con- 
stants for  the  purpose  of  molecular  weight  determinations. 

In  the  experiments  recorded  in  this  paper,  three  further  changes 
have  been  investigated  and  oonstants  which  represent  the  molecular 
lowering  of  the  temperature  of  transition  have  been  calculated. 

The  apparatus  used  was  similar  to  that  described  by  MeyerhofFer 
{Zeitsch.  physikal.  Ckem.,  1897,  22,  619),  effective  mixing  of  the  reacting 
pliases  being  achieved  by  means  of  a  rapidly  rotating  perfomtod 
cylindrical  stirrer  surrounding  the  Beckmann  thermoaieter  on  which 
the  temperature  readings  were  made.  By  means  of  a  small  electric 
motor  with  an  easily  adjustable  resistance  in  circuit,  the  stirrer  could 
be  made  to  revolve  with  any  desired  rapidity  and  the  rate  of  rotation 
maintained  practically  constant  throughout  each  experiment.  During 
the  period  of  supercooling  and  subsequent  rise  of  temperature,  the  tube 
containing  the  reaction  mixture  was  surrounded  by  a  wider  glassrtube, 
which  was  immersed  in  a  regulated  water  thermostat  having  a  tempera- 
tnre a  few  degrees  below  the  transition  temperature  under  investiga- 
tion. As  a  readily  t^olnblo  foreign  substance,  carbamide  was  used  to 
depress  the  investigated  transition  temperatures. 

Trat^fomuUion  of  Sodium  Thiosulphate  Primary  PentahydraU  into 
Primary  Dihydrate. — At  about  48°,  sodium  thiosulphate  primary 
pentahydrate  loses  3  molecules  of  water  and  yields  the  corresponding 
dihydrate  (compare  Young  and  Burke,  J.  Anier.  Cliem.  Soc.t  1906,  28, 
315)  together  with  a  solution  which  at  the  transition  temperature 
contains  169*8  parts  of  sodium  thiosulphate  per  100  parts  of  water. 
Corresponding  with  this,  the  change  taking  place  may  be  represented 
by  the  equation  :  NaAO|,5H,O«014Na^O3,2H,O+ 

0  0472(100H,O,18-20NaAO,). 
From  this  equation,  the  quantity  of  solution  yielded  by  a  given  weight 
of  sodium  thiosulphate  of  determined  oonpodtion  can  be  readily 
calculated. 

From  65  to  100  grams  of  recrystallised  thiceulphate  were  used  in  each 
-eixperiment,  the  temperature  being  maintained  at  55 — 60®  until  the 
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primary  pentahydrato  had  completely  disappeaved.  When  the  system 
had  been  snperoooled  to  the  extent  of  about  0*5%  a  crystal  of  the 
primary  pentahydrate  was  added.  In  order  to  prevent  surfsoe 
evaporation,  the  partly  fused  mass  was  in  some  cases  ooyered  with 
a  layer  of  heavy  petroleum,  but  this  was  not  found  to  have  any  definite 
influence  on  the  results  obtained.  Table  I  contains  the  recorded  ex- 
perimental data,  the  composition  of  the  thiosulphate  used  being 
indicated  in  the  first  column : 

Table  L 

CoiiijiOMition  of  Weight  of        Weight  of    OI)>ei  vetl  lowering  MolecttlftC 


thi««alphate.  thinsniphato  carbamide     of  feemperature.  lowoing. 

iu  graiuH.  in  gram;). 

Xa.^,0,,5  007  H.,0  66 '4  0-442o  0-554*  437 

Na^^Oj,^  03    }^.0  90  0«  07195  0  640  43  1 

Na^."O,,5  007  H*0  65-6  0  6940  0  857  43-3 

Na«SOa.5  03  H,0  102  5  1*4055  1  072  42-1 

Na,SP^6-0S  90  06  1-2006  1006  4S*1 


Mean   42 '9 


Referred  to  100  grams  of  the  saturated  transition  solution,  the 
depression  of  the  transition  temperature  is  therefore  43^  per  gram- 
molecule  of  foreign  substance  present. 

TranrformaUm  of  Sodium  Bromide  Dtk^draU  into  Anhydrous  Sodium 
Bromide* — The  saturated  solution  at  the  temperature  of  transition 
(50*7^  contains  117*4  parts  of  sodium  bromide  per  100  parts  of  water. 
The  change  which  occurs  at  this  temperature  may  therefore  be 
represented  by  the  equation  :  NaBr,2H,O->0-689NaBr-|* 

0-02(  1 00H,O,20-64NaBr), 
according  to  which  100  grams  of  the  dihydrate  yield  56 '36  grams  of 
the  saturated  solulioii. 

About  100  grams  of  Kodium  bromide  (NaBr,0'0351I^O)  and  ,]5 
grams  of  water  were  heated  at  about  60^  with  vigorous  stirring  of 
the  contents  of  the  tube  until  a  saturated  solution  of  the  anhydrous 
Bait  was  obtained.  The  system  was  then  allowed  to  cool  in  the  air 
until  the  transition  temperature  was  approximately  reached,  when  the 
tube  was  placed  in  its  outer  jacket  immersed  in  a  thermostat  at  a 
temperature  of  43 — 45^.    Table  IX  contains  the  experimental  data  : 

Tabls  II. 


Weight  of  Weight  of  Weight  of  Observed  Molecular 

%roiiiid«  water  earbainide  lowering  lowering 

iu  grama.  iii  grams.  in  gruius.  of  tentperotnre. 

101-7  :U-5G                  0-4905  0-370'  34  7 

103  0  36-20                 0-5685  0-415  35  1 

101*7  84 *M                0-908  0*680  84*5 

103-0  80-30               10685  0738  88-7 

Meaa   34-6 
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Referred  to  100  grams  of  the  transition  solution,  one  grftin^molooale 
of  forsign  substance  deptesses  the  transition  temperature  34*5^. 

FomalU/im  of  TaehhifdriU  from  (JaMum  and  Magn$rium  Ckiarido 
H$seahffdraU9» — ^When  the  hezahydrates  of  caldum  and  nagnesiam 
chloride  ara  intimately  mixed  and  gently  warmed,  the  two  simple  salts 
react  to  form  the  donble  salt  tachhydrite,  OaCl,,2Mgai2,12H20. 
Taking  into  account  the  compbsition  of  the  saturated  solution  whkh  Ib 
formed  at  the  transition  temperature  by  the  water  set  free  in  the 
reaction,  the  change  may  be  represented  (van't  Hoff  and  Kenrick, 
SUxungaber.  K.  Akad,  Wiss.  Berlin^  1897,  608)  by  the  equation  : 

MgCl2,6H20  +  118SCaCl2,6H20  = 

0-2&2Caaiy2MgC]y  12H,0 + 0101(100H,O,9-27CaCl,,4*92MgOy. 

The  temperature  at  which  this  change  takes  place  under  atmospheric 

pressure  can  be  determined  with  great  precision,  and  has  been  given  by 
one  of  us  (Dawson,  Zeitsch.  physikal.  Chern.,  1902,  39,  27)  a«  22  40°. 
At  this  temperature,  the  solution  (10(ai2O,0-27(JaCl2,4-92MgCl2)  is 
in  equilibrium  with  three  solid  phases  :  tachhydrite,  calcium  chloride 
hexahythate,  and  magnesium  chloride  hexahydrate. 

In  the  e.xperiments  recorded  here,  about  50  grams  of  crystallised 
magnesium  chloride  and  60  grams  of  crystallised  calcium  chloride, 
corresponding  approximately  with  the  proportions  of  the  two  substances 
on  the  left  side  of  the  above  equation,  were  heated  at  a  temperature 
not  exceeding  30  '.  until  the  formation  of  tachhydrite  was  complete. 
The  mixture  was  then  allowed  to  cool  slowly  in  the  air  until  the 
temperature  had  fallen  to  nearly  22°,  when  the  tube  contiiining  it  was 
placed  in  its  outer  Jacket  immersed  in  a  thermostat  at  19 — 20°. 
When  the  desired  amount  of  supercooling,  0*3°  to  0*4°,  had  been 
obtained,  minute  crystals  of  the  two  simple  chlorides  wore  added  to 
start  the  reaction  represented  by  the  equation  in  the  direction  from 
right  to  left. 

The  calcium  chloride  used  had  the  composition  OaClj,6  '07H2O ;  the 
magnesium  chloride  corresponded  with  the  formula  MgC1^6'llH|P. 
The  small  amounts  of  water,  in  excess  of  that  required  for  the  pure 
hezahydrates,  give  rise  to  the  formation  of  a  considerable  amount 
of  solution,  but  this  can  be  calculated  from  the  known  composition  of 
the  solution.  This  may  be  illustrated  in  reference  to  the  first 
experiment  in  table  III.  The  52*9  grams  of  Mgd^ie-llB^O-^Sl^S 
grams  of  OkdjiG'OTHjO  correspond  with  0*2576  molecule  of 
MgCl<2,6Up  + 0*2795  molecule  of  OaCls, 6 H^O-t- 0*0480  molecule  of 
water.  If  x  and  y  denote  the  number  of  molecules  of  ligCi2,6HjO  and 
OaCl2,6H|0  dissolved  by  0*048  molecule  of  water,  and  if  s  similarly 
denotes  the  number  of  formula  weights  of  the  solution 

(100H,O,9'27CaCt2,4'92MgCl2) 
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which  ar«  thereby  formed  ab  the  transition  temperature,  we  obtain 
the  equation : 

«MgCl^,GII,0  +  yCaC]2,6Up+0'a48H,O- 

«(100H3O,9-27OaOI^4'92MgCl,), 
from  which,  by  equating  t  onesponding  terms,  we  have : 

(r'=4  U2c,  2/ =  9-272,  100^  =  6a: +  6// +  0-048 
or    :r  =  0  0299,  y  =  0-0159,  2  =  0-00323. 

The  weight  of  saturated  solution  which  results  from  the  excess  of 
water  in  the  crystallised  magnesium  and  calcium  chlorides  amounts 
therefore  to  s  x  formula  weight  of  solution: 

(100H,O,9'27CaClj,4-92MgCl2)  =  «  x  3300  - 10-66  grams, 
which  is  about  one-eighth  of  the  total  weight  of  solution  yielded  by 
the  formation  of  taehhydrite.  From  thiSi  it  is  evident  that  a  careful 
estimation  of  the  water  content  of  the  sabstanoes  empbyed  in  the 
eacperiments  is  necessary  before  the  weight  of  the  solution  in  which 
the  foreign  substance  is  dissolved  can  be  ascertained.  Table  III 
contains  the  data  for  three  experiments : 

Table  IIL 

Weight  of  Weight  of 

magnesium  calciuin  Weight  of  Weight  of  Observed 

chloride  chloride  solutiou  carbamide  lowering  of  Molecular 

in  gnma  in  gitmsi  ip  gnms.  in  grams.  tetnpentarai  lowering. 

f.2-9              Gl-6            80-8             0-3812  0-410*  52-4 

49  76             01  45           80-4              0■r^7A  0*480  48-(J 

49-48            G4-45           84 '2             0*4562  0  455  50*5 

Mean   60'5 

"When  the  comjjlex  nature  of  the  chango  involved  in  the  tuchhydrito 
formation  is  considered,  the  concordance  of  the  values  obtained  in 
the  three  independent  experiments  must  be  considered  very  satis- 
factory. 

Some  further  experiments,  made  to  determine  the  depression  of  the 
temperature  at  which  sodium  carbonate  decabydrate  is  transformed 
into  a  lower  hydrate,  have  not  given  sufficiently  concordant  results  to 
justify  their  inclusion  in  the  present  paper,  and  these  experiments  are 
being  continued.  ^ 

The  changes  in  multi-component  systems,  for  which  the  depression 
of  the  chanusteristio  transition  temperatures  on  the  addition  of  small 
quantities  of  foreign  substances  has  been  quantitatively  determined, 
are  summsarised  in  the  foUowing  table.  The  equations  representing 
the  changes  in  terms  of  the  various  transition  solutions,  and  the  values 
of  the  molar  depressions,  referred  to  100  grams  of  these  solutions, 
are  given.  By  means  of  these  constants,  determinations  of  the 
molecular  weights  of  substances  in  aqueous  solutions  may  be  made  at 
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a  series  of  temperatures  between  0'^  and  100^.  Between  the  values  of 
the  constants,  the  heat  changes  associated  with  the  chemical  processes, 
and  the  tenii)ci;Uures  at  which  the  transitions  occur,  a  similar 
relationship  exists  as  is  well  known  to  hold  between  molar  freezing- 
point  depressions,  latent  heats  of  liquefactioni  and  absolute  freezing 
temperatures  in  the  case  of  pure  liquids. 

Chemieul  cliange.  Molar  depreMioii. 

Ma4SO,.10H„O--0  367Xit,SO4  +  0-10(100H2O,G-33Xa..SO,)    28-5 

MgCL6H-O  =  0  0795MgClj|,4H,O  +  00568(100H3O,16-2MgCla)    76 

(R%C4H4O,)„4H/)=073rf.Rb4C4HA+0-73iRb,C4H4Oe+ 

0  04(100H20,13-48Rl)oaH408)  37 

Nii^O,,6U,O=0'14NaJS,O,,2iIaO  +  0-0472(100U,O,18-20NaaSaQ.)  ...  43 

NaBr,2l40s«0-6a81irftBr-f-IH»(100H«O,fi0-54iraBr)   84-5 

MgCI,,eH,O+l-lM0bk0l,,«Hi0=.0  252CaCJj.2MgCLj,12H,0  + 

Q'101(100U^,9*27CaC)»4*92MgC]^  60*5 

Addendum* 

Since  the  above  experimenta  were  competed,  two  papers  have 
appeared  bearing  the  title  Molten  Hydrated  Salts  as  Solvents  for 
the  Freesing-Point  Method."  In  the  first  (/.  Amer,  Chmn.  Soo.^  1907, 
29, 1168;,  J.L.R.  Morgan  and  H.  £.  Benson  have  examined  the 
inflnence  of  foreign  sabstanoes  on  the  freesing  points  of  OaCl^yBH^O, 
LiN0s,3Hj,0,  and  Na,OrO4,10H,O,  and  in  the  second  (i(t<f.,  p.  1439), 
Morgan  and  F.  T.  Owen  have  determined  the  molar  freezing-point 
depressions  of  Ca(N03)2,4H._,0,  Zn(N03)2,3H20,  and  of  Mn(N03)^3H2O. 
The  invariant  points  involved  in  these  cases  appear  to  bo  ti  ue  freezing 
points,  although  in  the  case  of  sodium  chioiiiate  il  is  not  (juite  clear 
whether  the  temperature  investigated  is  the  melting  point  of  the 
decahydrate  or  the  temperature  at  which  this  is  converted  into  the 
hexaiiydrate.  The  authors,  however,  appear  to  regard  their  work  as 
a  continuation  of  that  of  Lowenherz  {loc.  cii.)  on  sodium  sulphate, 
but  this  is  not  the  case,  for  the  change  which  NajSO^.lOHgO  under- 
goes at  32-4^  is  accompanied  by  the  appearance  of  a  new  solid  phase. 

Physical  Chemistry  T> ahoratobt, 
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XXXIV. — Malaconey  a  Silicate  of  Zirconium. 

By  Albzandkx  Ghaew  Gumming,  D.Se. 

A  UECENT  paper  by  Kitchin  and  Winterson  (Trans.,  1900,  89, 
1568)  has  directed  aLtuution  to  malacojie,  and  to  the  fact  that  it  is  the 
only  mineral  known  to  contain  argon,    it  is  radioactive^  and  theae 
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authors  were  the  first  to  find  uranium  in  it,  although  Strutt  {Proc» 
Roy.  SoCf  1904,  73,  A,  191)  had  previously  suggested  that  this  met«l 
ms  present. 

The  identity  of  the  zireomum  was  proved  by  Kitehin  and  Wintersoo, 

who  prepared  from  the  mineral  a  pure  sample  of  zirconium  oxychloride. 
The  crude  zirconium  oxychloride  gave  a  ratio  of  1  :  TH'^l  for  zirconium 
to  chlorine,  as  against  1  :  2  01  for  a  sample  of  zirconium  oxycldoride  of 
known  purity,  and  it  was  only  after  thirteen  recrystallisations  from 
alcohol  that  they  obtained  a  pure  specimen  of  zirconium  oxychloride. 
The  authors  found  that  their  crude  oxychloride  contained  some 
uranium,  but  the  total  uranium  found  in  the  mineral  was  insufiicient 
to  affect  appreciably  the  purity  of  the  zirconium  oxychloride. 

When  the  mineral  liad  been  separated  into  its  constituents,  Kitehin 
and  Winterson  found  that  the  radioactivity  emanated  from  the 
zirconia.  This  was  a  surprising  observation,  as  the  zirconia  had  been 
boiled  with  liydrochloric  acid,  whieh  should  have  extracted  aoy 
ordinary  radioactive  material,  and  zirconium  salts  are  not  themselves 
radioactive.  It  seemed,  therefore^  desirous  that  these  facts  should  be 
further  investigated, 

EXFSAIMKNTAL. 

A  complete  analysis  of  the  mineral  was  not  thought  neoeesarj,  but, 
in  the  course  of  certain  separations,  valuds  for  the  silica  and  siroonia 

were  obtained  which  differed  considerably  from  those  given  by 
Kitehin  and  Winterson.  The  results  obtained,  together  with  those  of 
previous  investigators,  are  given  in  the  following  table  : 

Locality  of  speetmeD.  Authority. 

1  Hitteri"   Sclieerer' 

2  Ihntn^'tbirgc  ...  Heniiaun* 

5  Cbaiiteloape  ...  Dsmonr' 
4  Chanfecloape  ...  Kammt^lsb^r;^' ^ 

6  Kitehin  aud  WiuUi^ou  ^ 
6  Camming 

*  Sebeenr  (/Vg^.  Ann,,  1844,  02,  4M). 

2  Hermann  {J.  yr.  Chm.,  1851,  53,  32). 
Damour  (Ann.  Chim.  Fhys.,  1848,  24,  87). 

*  Runmelsberg  {Mineralehemie,  p.  891). 

*  Loc.  eit.  The  specimens  examined  W  Kitohin  and  Wintaison  and  by  mywlf 
wore  obtained  Irom  the  CbriatiaiiiA  Mine  Kmnpani. 

Tiie  results  obtained  thus  agreed  well  with  those  of  early  inves- 
tigators and  with  the  formula  (ZrO^^SiOj)  for  the  silicate,  but  differed 
widely  from  those  of  Kitehin  and  Winterson.  The  explanation 
probably  lies  in  the  unusual  stability  of  zirconium  silicate  towards 
hydrofluoric  acid.  Repeated  evaporations,  usually  about  ten,  are 
necessary  to  drive  off  all  the  silica.  There  is  a  possible  source  of  error 
in  this  procetit),  ^  it  wat>  found  that  zirconium  also  reat^ily 


SiO,. 

Zr0.j. 

SiOa  +  ZrO,. 

31  31 

63  4 

04-7 

81-87 

59-8 

91-7 

30-87 

61  17 

92  0 

31  05 

61-44 

92-5 

22-53 

67-8 

90-3 

82-8 

60*6 

92-8 
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expelled  unlees  a  large  amount  of  aulpliaric  acid  was  preaent.  Aftor 
troatment,  the  ziroomain  b  left  mainly  as  sirooiuam  sulphate,  and,  if 
the  quantity  exceeds  0*5  gram,  prolonged  ignition  is  necessary  to  ensure 
complete  reduction  to  oxide. 

IdmUity  qf  tkt  Zk^(nUmiL — The  change  of  sulphate  to  oxide  on 
ignition  was  adopted  as  a  test  of  the  identity  of  the  zirconium  salts 
obtained  from  malacone.  It  was  carried  out  as  follows  t  a  small 
UDweighed  -  sample  of  the  oxycliloride  was  placed  in  a  platinum 
crucible,  concentrated  sulphuric  acid  added,  the  mixture  evaporated 
gently  to  dryness,  and  weighed  as  sulphate.  More  sulphuric  acid  was 
then  added,  and  again  evaporated.  The  weight  was  usually  unchanged. 
The  residue  was  then  strongly  ignited  until  of  constant  weight,  and 
weighed  as  oxide. 

The  results  of  some  of  the  blank  experiments  were  as  follows : 

Weight  as         Wei^t  u         Oxid«  in 

Snit  used.  sulphate.  oxide.      salpbate,  per  csnt* 

Zirconium  nitrate    1  0607  0'4518  42*6 

Zirconium  oxycUloride.       0-3054  0  1315  48*2 

O-;3804  0  1718  45-2 

Uianium  acetate   0-2118  730 

The  theoretical  percentage  of  oxide  in  pure  zirconium  sulphate  is 
43'4.  It  was  found  that  values  between  43'2and  43*5  could  always  be 
obtained  by  starting  from  pure  zirconium  oxychloride.  Expt.  3  is  the 
result  with  a  specimen  to  wliich  u  little  uranium  acetate  had  been 
added;  it  was  further  distinguished  from  a  pure  zirconium  salt,  as  the 
oxide  obtained  was  green,  whilst  pure  zirconia  is  white.  The 
results  for  pure  uranium  acetate  agree  with  the  probable  change,  that 
isy  from  uranyl  sulphate,  UO^SO^,  to  uranyl  oxide^  ^fiv  ^®  theoretical 
percentage  of  oxide  being  74*8. 

The  oxide  to  sulphate  ratio  was  thus  proved  to  be  a  good  test 
of  the  purity  of  a  zirconium  salt^  particularly  as  regards  uranium. 

ParUal  Separaiian  tnio  CcntHUtnUa, — ^Af  ter  remoTal  of  Uie  silica,  a 
very  convenient  separation  was  e£Eeoted  by  boiling  for  about  one  hour 
witii  concentrated  hydrochloric  add  containing  a  little  nitric  acid. 
The  residue  was  found  to  be  almost  pure  sirconia,  and  very  little  of 
the  siroonia  had  dissolved.  These  two  portions  were  examined 
separately,  and  are  referred  to  later  as  the  acid-soluble  portion  and 
part  insoluble  in  add  respectively. 

Pari  InaoMU  in  ^oui— 9*986  Orams  of  this  part  were  treated  with 
hydrofluoric  add  to  remove  most  of  the  silica.  After  ignition,  the 
weight  was  7*22  grams.  This  was  made  into  balls  with  wood  char- 
coal and  sugar,  and  the  mixture  heated  in  a  covered  erudble.  The 
coke-like  mixture  was  then  ignited  in  a  stream  of  chlorine  saturated 
with  carbon  tetrachloride  at  about  60°. 
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A  white,  ocyitftUiae  chloride  w.ts  ooUeoted,  which  proved  to  be 
liroomttm  teferaohloride.  This  wab  washed  with  water,  with  which  it 
reseted  ▼igorovslyi  and  yielded  oa  evaporation  7*2  grams  of  ozy- 
chloride. 

The  residue  in  the  tnbe  weighed  3*1  grams,  part  of  which  was  the 
ash  from  the  15  grams  of  charcoal  used. 

The  ozychloride  was  found  to  give  all  the  ordinary  tests  for 
sirconinm.  A  trace  of  iron  was  pre^ient,  but  no  uranium  could  be 
detected.    The  equivalent  was  determined  with  the  following  result : 

0  1664  gram  of  oxyclilorido  gave  01^20  gram  of  sulpliato. 

Weight  as  oxide  —  0'063G  gram. 

Oxide  in  sulphate  »  43*6. 

The  theoretical  value  for  zirconium  is  43'4  per  cent. 

On  account  of  the  ash,  it  was  useless  to  proceed  further  with  this 
experiment.  An  attempt  was  next  made  to  teat  the  homogeneity  of 
the  part  of  malacono  insolublo  in  acid  by  fractional  chlorination. 

For  this  purpose,  '20  grams  of  the  part  insoluble  in  acid  were 
evaporated  once  with  hydroflnoric  and  sulphuric  acids  to  remove  the 
bulk  of  the  silica.  After  ignition,  the  residue  weighed  15 'SI  grams. 
This  was  mixed  with  sugar-carbon  and  chlorinated,  but  after  five 
hours'  chlorination  the  chloride  obtained  yielded  only  0*62  gram  of 
oxychloride  (fraction  A), 

The  sagar-carbon  was  burnt  o£P,  as  it  was  evidently  unsuitable,  and 
wood  charcoal,  which  had  been  boiled  for  some  hours  in  concentrated 
hydrochloric  acid,  substituted. 

The  second  chlorination  yielded  452  grams  of  oxychloride 
(fraction  B),  The  third  chlorinaUon  yielded  7*95  grams  of  oxy* 
chloride  (fnMition  C),  and  the  fourth  chlorination  yielded  8*9  grams 
of  oxychloride  (fraction  D).  The  carbon  and  silica  were  removed 
from  the  residue,  which  then  weighed  21  grams  (fraction  S)» 


Weight  of  sample 

Total  /           '  *               1  PwMntage  oxide 

FractioQ*     \vci;;lit.  08  sulphate.  as  oxide.  in  sulphate. 

A             0  o2  0-5196  0  22:J8  43  2 

B            4-52  0-2047  0  0875  42  8 

O            7-95  0-1  a02  0*06«5  48*4 

J)           8-90  0-5026  0-2200  487 


For  sirooninm,  the  amount  of  oxide  in  sulphate  is  48*4  per  cent* 
Bach  fraction  gave  all  the  sirconium  tests,  and  in  all  cases  the  oxide 
obtained  was  pure  white ;  a  trace  of  iron  was  noticed  in  each  case» 

and  with  fraction  A  a  yellow 'colour  was  obtained  with  hydrogen 

peroxide,  which  probably  indicated  the  presence  of  titanium  in  this 
fraction.  In  no  case  could  uranium  be  detected,  although  it  was 
carefully  tented  for,  and  could  l)0  readily  rocogniseJ  it  a  trace  were 
afterwards  added.    Fraction  £\  the  residue  from  the  cliiorinatioaH, 
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was  qualitatively  examined  and  found  to  contain  zirconia,  a  ferric 
flalt»  and  a  caldurn  salt,  the  latter  being  probably  derived  from  the 
oharooal. 

BadioaeUwiy. — ^The  part  of  malacone  which  did  not  dissolve  in 
hydrochloric  acid,  that  is,  the  sinsonia  and  silica,  was  foand  to  be  non- 
radioactive. This  was  ascertained  by  plaeing  20  grains  in  a  flask  with 
some  dilate  hydroefalorie  add  and  exhausting  the  flask.  At  the  end 
of  a  week,  some  air  was  admitted  and  then  pumped  off  in  the  nsnal 
manner,  but  no  evidenee  of  radioactivity  was  found.  As  a  farther 
test,  19  grams  of  the  erode  ozyohloride  oolleoted  in  the  various 
ehloriiiations  were  kept  in  an  exhausted  flask  for  seven  days,  and  the 
flask  washed  out  thoroughly  with  successive  small  quantities  of  air. 
The  oxychloride  proved  so  completely  free  from  any  radioactive 
iiiateiiiil  that  this  air  did  Lot  aflFect  the  leak  of  an  electroscope  which 
had  a  period  of  eight  hours  per  twenty  divisions. 

At  first  sight,  this  is  in  direct  opposition  to  the  experience  of 
Kitchin  and  Winterson,  who  found  that  all  the  radioactive  matter 
remained  with  the  zirconia,  but  the  explanation  is  probably  to  be 
found  in  the  different  previous  treatment.  In  their  case,  the  malacone 
had  been  fused  with  fusion  mixture,  and  they  mention  that  it  waa 
necessary  to  use  ten  times  as  much  fusion  mixture  as  mineral.  It  is 
very  possible  that  this  contained  sufficient  sulphate  to  transform  any 
traces  of  barium,  calcium,  or  strontium  into  sulphates,  and  these 
would  carry  down  also  the  radioactive  matter  as  radium  sulphate, 
which  would  not  dissolve  in  the  hydrochloric  acid,  but  would  remain 
with  the  precipitated  zirconia. 

Fart  SduUe  in  Acid, — ^This  part  was  found  to  contain  alF  the  radio- 
active matter.  The  emanation  from  the  portion  of  100  grams  of 
malacone  soluble  in  acid  was  collected  and  introdaced  into  an  electro* 
scope  in  the  usual  manner. 

Several  measoxements  were  made  of  the  time  taken  for  the  activity 
to  fall  from  its  maximum  to  one-half,  and  the  resolta  varied  between 
3*5  and  four  days.  In  all  eases,  the  activity  had  almost  reached  the 
maximam  value  two  hoars  after  introduction  into  the  electroscope, 
and  after  three  hours  began  to  fall. 

There  seems,  therefore^  no  reason  to  saspect  the  presence  of  any 
Mdioactive  element  other  than  radium,  so  that  the  presence  of  argon 
cannot  be  explained  on  this  ground. 

The  formola  ZtOp9aO^  corresponds  more  closely  with  the  observed 
composition  of  malacone  than  does  the  formula  SZrOySSiO^  whieh 
has  been  reoently  assigned  to  it.  A  detailed  examination  gave  no 
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HiMon  for  doubting  the  identity  of  the  nreonia,  or  to  suspect  the 
prooonoe  of  an  nnknown  impurity.  The  radioaotivity  can  be 
sufficiently  explained  by  the  presence  of  radium. 

This  investigation  was  undertaken  at  the  suggestion  of  Sir  William 
Ramsay,  to  whom  my  best  tlianks  are  due.  I  desire  also  to  thank 
Dr.  A.  McKensie  for  facilities  to  continue  the  work  at  Birkbeck 
College. 


UNrVTP.KITY  COLLKOK.'I. 
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XXXV. — The  Infliience  of  Solvents  on  the  Rotation  of 
Optically  Act  in'  Compounds.  Part  XL  Ethyl 
Tartrate  in  Aliphatic  Halogen  Derivatives. 

By  Thomas  Stewart  Pattibsok  and  Dayid  Thoiison,  M.A.,  B.Sc. 

(late  Carnegie  Beseareh  Scholar). 

In  a  former  part  of  this  investigation  (Trans.,  1905,  87,  313),  it  has 
been  shown  that  the  influence  of  chloroform  in  modifying  the  rotation 
of  ethyl  tartrate  is  of  particular  interest,  since  it  was  found  that  the 
specific  rotation  of  dilute  solutions  of  the  ester  is  unusually  low, 
whilst  the  corresponding  molecular  solution-volume  has  a  higher  value 
than  in  other  solvents  hitherto  examined.  Support  was  thus  lent 
to  the  suggestion  that  the  rotation  of  ethyl  tartrate  in  solution  varies 
inversely  with  molecular  solution-volume^  and  it  seemed  of  some 
importance  to  ascertain  whether  in  other  halogen-containing  solvents, 
eqMcially  perhaps  in  those  of  density  greater  than  chloroform,  this 
regularity  might  be  traoed  still  further. 

The  following  pages  give  an  account  of  work  carried  out  with  this 
object.  The  solvents  used  were  methylene  chloride^  carbon  tetra- 
chloride, ethylene  chloride,  ethylidene  chloride  (os-dichloroethane), 
acetylene  tetrachloride  (s-tetrachloroethane),  bromoform,  ethyl  bromide, 
ethylene  bromide,  acetylene  tetrahromide  (s-tetrabromoethane),  methyl 
iodide,  methylene  iodide^  and  ethyl  iodide.  Three  or  four  solutions  of 
ethyl  tartrate  in  each  of  these  solvents  were  prepared  and  their 
rotations  determined  at  several  temperatures.  From  the  data  obtained, 
the  specific  rotations  at  20°  have  been  arrived  at  by  interpolation, 
whilst  from,  tlie  density  observations  tho  corresponding  molecular 
solution-volumes  have  been  obtained. 

We  had  hoped  that  these  two  variables  would  be  found  to  show  the 
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iam«  rektionBliip  as  in  other  oaseB,  but  in  this  we  were,  in  large 
measure,  disappointed,  although  the  relattonehip  does  hold  to  lome 
extent   Thus  in  all  the  solvente  under  ooumderation  the  rotation  of 

the  dissolved  ethyl  tartrate  is  depressed  below  that  of  the  homogeneous 
ester,  whilst,  on  the  other  hand,  tlie  molecular  solution- volume 
becomes  greater  than  the  molecular  volume.  Amongst  the  individual 
data,  also,  an  inverse  proportionality  often  obtains,  but  a  correlation 
between  the  two  variables  cannot  V)o  traced  through  all  the  solvents 
examined,  since  exceptions  are  both  numerous  and  important. 

It  is  unnecessary  to  discuss  our  results  in  any  great  detail ;  the 
chief  points  of  interest  can  best  be  seen  from  the  four  accompanying 
diagrams,  which  summarise  the  research,  and  in  which  specific 


Pio.  1. 
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ConcentraiioH  {p). 


rotation  is  plotted  relative  to  concentration.  The  molecular  solution- 
volume  curves  are  not  given,  as  thoy  are  all  of  one  type  and  can 
be  just  as  well  represented  by  numbers  as  by  graphs.* 

In  Fig.  1  are  shown  the  concentration-rotation  curves  for  methylene 
chloride,  chloroform. t  and  carbon  tetrachloride.  The  curves  are  of  a 
similar  charartf  r,  hut  lie  perhaps  scarcely  in  the  order  that  might 
have  boon  ox  ported.  At  a  concentration  of  /)  =  30,  the  lowest  (greatest 
negative)  rotation  is  found  in  methylene  chloride  and  the  highest  in 
carbon  tetrachloride,  but  at  great  dilution  the  rotation  in  methylene 
chloride  lies  between  the  values  in  the  other  two  solveute.    This  is  due 

*  Thp  cxperimoiital  dati  .iro  collected  together  at  the  cud  of  tlio  paper.  Th» 
iutf ijtdlated  valu«s  for  tli  -  density  of  the  pure  solvents  {p  =  0)  2074' md  for 
[a]^  of  the  varioiu  solutious  arc  givou  with  the  molocular  solutiou-vohuno  dnUi  on 
p.  371.  t  See  Ibotuoie  (*}  p.  357. 
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to  the  oooamooe  in  Meh  oMe  of  a  oonoentratiim  of  minimiun  Tofcation, 
which  in  chloroform  is  scarcely  perceptible,  in  carbon  tetrachloride  is 
clearer  (p  =  20 ;  [a]^  +  1  '35°),  and  in  methylene  chloride  is  still  more 

distinct  {p  =  20  ;  [a]*^'  -2-83°). 

To  compare  the  rotationa  of  those  solutions  with  the  molecular 
Bolutioa-YolumeSi  both  at  infinite  dilution,  we  have  the  following 
table: 

CSftrbon  tetracUorida   173*0  c.c. 

Methylene  chloride   -I'G  174-1  ,, 

Ghlorofonn    -8  0*  177-6  „  t 

These  numbers  stand  in  inverse  order,  the  lowest  rotation  corre- 
gpoading  with  the  greatest  solution- volume,  and  they  therefore 
exhibit  the  relationship  we  had  expected  to  find,  but  it  must  be 
admitted  that  the  very  small  difference  between  the  molecular 
solution-volume  in  methylene  chloride  and  carbon  tetrachloride  seems 
scarcely  sufficient  to  account  for  the  considerable  di^erence  in 
rotation. 

In  F'ig  2  are  shown  curves  for  the  other  chlorides  examined.  It 
will  be  observed  that  those  for  ethylidene  chloride  and  methylene 
chloride  (Fig.  1)  are  very  similar,  so  that  the  snl»stitution  of  one  of  the 
hydrogen  atoms  in  the  latter  compound  by  a  methyl  group  causes  very 
little  change  in  the  solvent  infiuence  of  the  resulting  ethylidene 
chloride.  A  minimum  rotation  is  somewhat  more  pronounced  in 
ethylidene  chloride  [aj^  -3°),  but  the  value  of  the  rotation 

at  infinite  dilution  is  very  nearly  the  same  in  both. 

On  the  other  hand,  a  distinct  difference  is  noticeable  between  the 
eolvent  influences  of  ethylene  chloride  and  ethylidene  chloride.  From 
pa  100  to  p='Z5,  the  two  come  lie  yerfolose  together,  but  at  less 
concentrations  they  diverge.  The  rotation  in  ethylene  chloride 
oontinuee  to  diminish,  and  no  oonoaitration  of  minimam  rotation  is 
apparent 

The  introduction  of  two  chlorine  atoms  into  the  molecule  of 
ethylene  chloride  to  form  acetylene  tetrachloride  is  attended  by  a  very 
considerable  change  in  solvent  infiuence.  In  the  latter  solvent,  the 
rotation  of  the  dissolved  ethyl  tartrate  diminishes  very  rapidly  with 

*  Beprodocad  from  Trans.,  1905,  87,  313,  where  the  rotation  at  iufinite  dilution 
WW  taken  m  -8*2*.  the  slightly  higher  v»lae  in  a  solution  of  ps2  {[ajf  -8*1*)  st 
compared  with  that  fbr  a  eolation  of  j»s8-99  ([cl^f^  -8*15*)  being  attrilmted  to 
«xp«rimental  error.  On  aeeoant  of  the  behaviour  of  oarbon  tetrachloride  and 
methylene  chloride,  however,  it  xa  probable  that  a  ooncentratioii  of  mininmm  iota- 
lion  oxists  ill  rldorororm  eolation,  and  that  the  rotation  at  inAnite  eolation  ia  -8*0* 
io8t«.i<{  of    3 -2"  US  fonnerly  aAsumc.1. 

t  We  are  of  opinion  that  this  value  U  rather  too  high. 
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diminMhiDg  coDcentration,  attainiog  oltiiiiately  to  a  valtie  of  - 16*6^, 
inactiylty  being  ftlreftdy  Mohed  in  a  wliitioD  of  />«b66*5.   The  total 

depression  of  rotation  (from  +  7'76°to  - 16*6**)  is  thus  more  than  twice 
as  great  as  in  ethylene  chloride.    It  is  noticeable,  also,  that  this  curve 

Fio.  2. 

£lhyl  TarlraU  in,  Elhylidene  Chloride^  Ethylene  Chloride^  and  Acetylene  Teira- 

ektffHde  at  W. 


20  1  I  I  '  I  ■ 

20  40  t)0  00  100 

ChiieenlraUtm  (pX 


is  concave  with  reference  to  the  lower  right-hand  corner  of  the 
diagram.    The  otlier  curves  are  convex. 

The  vahie.s  for  the  inole<MiIar  solution-volume  of  ethvl  tartrate  in  these 
solvents  are  of  considurablo  interest,  since  in  acetylei^e  tetrachloride. 
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where  the  rotation  is  so  unusnallj  low,  the  ▼ohmie  ehodld  be  oorre- 
epondingly  great ; 

Solvent.  .         (infinite  dilution).  (infiniM  dilution). 

EthylidciK- f  lilorido    -17"*      ,  172-8  c.c. 

Ethylene  chloride    -4"2      '  176  0  „ 

Acetylene  tetrsehloride   -19*8  178'4  „ 

It  will  1)3  '^een  from  the  table  that  the  inver^^e  proportionality 
between  the  two  variables  does  occur  in  thf^  first  two  Kolvoiits.  The 
rotation  is  lower  and  the  Bolution-vohime  greater  in  ethylene  chloride 
than  in  ethylidono  chloride,  but  it  is  not  possible  to  reconcile  the  data 
for  acetylene  tetrachloride  with  those  for  the  other  two  solvents  ;  the 
solution-volume  does  not  sliow  an  increase  by  any  means  correspond- 
ing with  the  very  low  value  of  the  rotation. 

Cunrea  representing  the  behaviour  of  the  solvents  containing 
bromine  are  shown  in  Fig.  3.  The  specific  rotation  of  the  ethyl 
bromide  solutions  diminishes  fairly  rapidly  with  increasing  dilution, 
80  as  to  become  zero  at  |)s38.  In  solutions  less  concentrated  than 
this,  the  rotation  varies  more  slowly,  and  alter  p^lO  there  is 
practically  no  change.  A  concentration  of  minimum  rotation  perhaps 
occurs,  but  if  so,  it  is  by  no  means  distinct. 

In  bromoform,  the  rotation  varies  less  with  'dilution  than  in  ethyl 
Itnomide,  never  falling  below  zero.  In  addition,  the  curve  is  concave, 
and  thus  presents  a  distinct  contrast  to  the  curves  for  ethyl  bromide 
and  the  chlorides.  Bromoform,  it  may  also  be  noticed,  has  a  much 
less  pronounced  effect  than  chloroform. 

From  Figs.  1  and  2,  it  will  be  seen  that  ethylene  chloride  is  similar 
to  chloroform  in  its  solvent  influence^  but  somewhat  more  powerful. 
In  an  analogous  manner,  ethylene  bromide*  gives  a  curve  of  the  same 
type  as  bromoform,  concave,  and  at  the  same  time  is  vastly  more 
powerful.  The  influence  of  ethylene  bromide  becomes  greater  as  the 
dilution  increases,  so  that  as  the  concentration  changes  from  J9s»10  to 
p-O  the  rotation  falls  from  -  10°  to  -  186°,  or  one-third  of  the  total 
change. 

The  introduction  of  two  more  bromine  atoms  into  the  molecule  to 
form  acetylene  tetrabromide  is  not  attended  by  any  very  marked 
alteration  in  solvent  influence,  and  is  thus  in  distinct  contrast  to  the 
behaviour  observed  in  the  case  of  the  corresponding  cliloridos.  acetylene 
tetrachloride  having,  as  has  been  pointed  out,  a  very  much  greater 
effect  than  ethylene  chloride.    The  curve  for  acetylene  tetrabromide 

*  The  data  from  wliich  the  curve  is  plotted  are  those  given  1^  Winther,  **3idrag 
tU  dem  nfMt  dn^nbtfft  Twri^  K^benhavn,  1907,  p.  84 ;  SS&Uttk.  phyHkal,  Cfcem., 
1907,  60,  678.  The  one  solution  examined  by  us  is  represented  by  a  cross  in  tho 
diagmm.  Onr  valno,  -  14 '3\  for  a  solntion  of  |)=5*59  agrees  well  with  Winther'a 
ralac  of  -  1116"  for  a  solutioa  of|>  =  6'53. 

VOJU.  XCJUl  B  B  /■ 
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is  eoocftve  )t1n  iho§§  for  bromofonn  and  ethylene  bromide ;  for  more 
eoneentrated  «olations,  the  influence  of  acetylene  tetrabromide  is  tome> 
what  less  than  that  of  ethylene  bromide^  but  in  viBry  dilate  solution 
the  effects  produced  by  these  two  solvents  are  practically  the  same. 


JBihyl  TaHraU  in  Snmqform, 


Fio.  8. 

Ethyl  Bromide,  Stkylme  SromitUt  ani  A«eli$Uw 


t 


-i 


8 


1» 


16 


$0 


f 

,5/ 

■ 

/ 

80  40  60 


80 


100 


In  the  table  below  are  given  data  for  solotion-Tolume  and  rotation  in 
these  bromides : 


Solvent. 

(iuruiite  dilution). 

(infinite  clilattoii). 

  +0/^ 

177-0  c.r. 

  -o-9r. 

172G 

Ktliyloiie  bromide   

176  7  ii  (p-5*6) 
l?«-8  „ 

Acetyleue  tctubroiiiide 

DigitizecJ  by  Google 


ON  THE  ROTATION  OF  OPTICALLY  ACTIVE  COMPOUNDS.  361 


Acetyleoe  tetrabiomido  and  ethylene  bromide,  in  which  the  rota- 
tions are  very  low  and  almost  equal,  givo  solution-volumes  which  are 
high  and  almost  equal,  whilst  in  ethyl  bromide  a  much  higher  rotation 
is  accompanied  by  a  considerably  sinaller  solution-volume,  but  it  is 
obvious  that  the  data  for  bromoform  are  entirely  out  of  harmony  with 
the  others  ;  the  rotntion  is  hi<;i»er  than  in  ethyl  bromide,  whilst  the 
volume  is  even  jrreatpr  than  in  acetylene  totrabroraide. 

In  Fifj.  4  are  shown  curves  for  the  iodides  examined,  ^fothyl  iodide 
affects  the  rotation  of  ethyl  tartrate  in  somewhat  the  same  manner 
and  to  much  the  same  extent  as  does  carbon  tetrachloride.  The  curve 
is  oC  the  ooBvez  type,  like  those  for  the  chlorides ;  it  does  not  cut 


Fio.  4. 

Mthyl  TartnUe  in  Methyl  loduU,  Methylmu  lodidi,  and  Stkyl  Todide  al  20% 


t  « 


the  7^ro  axis,  and  there  seems  to  be  no  concentration  of  minimum 
rotation. 

The  curve  for  ethyl  iodide  is  similar  to  that  for  methyl  iodide,  but 
lies  wholly  below  it.  The  substitution  of  one  of  the  hydrogen  atoms 
in  methyl  iodide  by  a  methyl  group  ca\ises  therefore  a  greater 
depressing  influence  in  the  resulting,  as  compared  with  the  original, 
substance.  A  similar,  but  less  decided,  effect  was  noticed  in  comparing 
methylene  chloride  and  ethylidene  chloride.  Tt  might  perhaps  have 
been  expected  that  the  greater  the  proportion  of  halogen  in  the 
solvent  the  greater  would  be  the  effect  produced,  but  this  is  not  the 
ease,  as  is  shown  by  the  above  instances  as  well  aa  by  several  others 
recorded  in  this  pa^r. 

We  also  attempted  to  use  methylene  iodide  as  a  solvent,  but  wore 
smprised  to  find  that  ethyl  tartrate  is  only  very  slightly  soluble  in 
%  so  that  we  were  unable  to  examine  more  than  one  mixture,  the 

»  B  8 
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specific  l  otiition  of  which  (  -  0'8)  lay  between  those  for  methyl  iodide 
and  ethyl  iodide. 

Below  are  given  the  molecular  solution -volume  data  for  these  solv^ents. 
They  rekto  to  concentration  p—\-4c,  since  the  only  solution  in 
methylene  iodide  was  of  this  strength  : 

Solvent  M.S.  V.**  (p«l-4). 

Mrthyl  iodide    179-0  cc 

Methyleno  iodide    -0'8  1777  „ 

Ethyliodide   -2-18  177*8 


1 1 


The  solution-volumo  in  these  three  iodides  is  high  ;  in  methyl  iodide 
greater  than  in  any  other  solvent  previously  examined.  The  values  of 
the  rotation,  however,  are  not  by  any  means  in  agreement  with  this, 
being  in  all  three  cases,  in  spite  of  the  great  density  of  the  solvents, 
comparatively  little  depressed  and  standing,  further,  in  the  opposite 
relationship  to  solution-volume  from  what  was  to  be  expected.  In 
methyl  iodide,  where  the  solution-volume  is  greater,  the  rotation  is 
also  greater  than  in  ethyl  iodide,  whilst  for  methylene  iodide  and  ethyl 
iodide,  in  which  the  volume  is  almost  the  sarne^  the  rotation  is  distinctly 

The  method  which  we  have  adopted  here^  that,  namely,  of  dealing 
with  the  solvents  in  classes,  is  prohably  the  most  favourable  that 
could  be  chosen  for  exhibiting  any  presumed  relationship^  and  yet 
even  in  these  circumstances  exceptions  to  the  suggestion  that  spedfic 
rotation  varies  inversely  with  solution-volume  are  numerous  and 
striking,  and  we  do  not  wish  to  minimise  them.  When  the  solvents 
are  considered  indiscriminately,  the  exceptions  become,  of  course, 
more  obvionsi  as  will  be  seen  from  the  following  table,  in  which  all 

of  ethyl  of  ethyl 

tartrate  tartrate  Heat  of 

(infinite  (infinite  dila-  Diel.  disgrega- 

Holv.^nt.                   dilution),  tion)  in  cc.  N.*  const.:t  tion.§ 

Carbon  tetrachloride              ^-l-O*  173-9  13-3  2*2  41-8 

Methyl  iodide                      +1:08  179'8          —  7*1  41*7 

Bromoforni                           +02  177  1           —  A'i  — 

Metlivlpiie  iodide                  -0  8  177-7           -  5-5  — 

Ethyi  bromide                      -0-9y  172-tJ  20  71  (9  7 ;  8-9)  64-7 

Ethylidsne  chloride   -1-7  172*7  20*8  10*8  60*4 

Methylene  chloride  .........    -1-6  174  1  26*87t  —  ^7  9 

Ethyliodide                         -2-2  178-3  14*8t  7-4  42*6 

Chlorofonn                          -.TO  177-5  18-«  6*0  62*9 

Kthylone  chloride                    -42  176-0  21»>  10-9  78*7 

A;  <  tylriic  t.-tiiK-lilorido           -16-6  173*6  lO'SSt  — 

Acetylene  tetrabronudo          -20-0  176*8           _  _ 

Ethylene  bromide               -18*8  176*8  19-6f  4*9  89*8 

*  Schiir,  Annnkn,  18S8,  223,  72.       1  Calt  ulaled  ftccording  to  SclnfT'N  fornmla. 
t  Landolt,  Borastein,  and  Meyerhoffer,  Tabelkn,  p.  769. 
8  Galottlated  from  valiue  of  heat  of  vaporisation  pven  in  Landolt,  Bornstein, 
and  Meyerhoffer,  Tdbellen,  p.  505.  See  Tran*.,  1901,  79, 195 ;  1902,  81,  1107. 
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the  data  referred  to  are  brought  together.  The  solvente  ure  arranged 
In  order  of  magnitude  of  th^  rotation,  and,  since  in  former  papers  a 
certain  connexion  eeemed  traceable  between  rotation  and  surface 
tenaion,  dielectric  constant,  and  heat  of  disgi  egation,  we  have  added 
values  found  by  various  observers  for  these  three  properties  of  the 
solvents  used. 

It  will  be  seen  that  there  is  certainly  no  greater  apparent  relation- 
ship between  the  numbers  in  the  last  three  columns  and  the  values  of 
the  rotation  than  exists  between  the  latter  and  the  data  for  solution- 
volume. 

Other  buggeations  which  liave  been  made  to  account  for  variation 
of  rotation  in  solution  are  even  less  8ucces.sful.  It  has  been  shown 
already  (Trans.,  1902,  81,  1113)  that  osmotic  molecular  weight  in 
dilute  solution  seems  to  have  no  connexion  with  rotation,  and  a  further 
illustration  of  this  is  to  be  found  in  the  case  of  ethvl  tartrate  in 
ethylene  bromide.  As  Winther  {Bidrag  til  dea  optiske  drtijnings 
2'cori,  p.  42  ;  Ztitsch.  physikal.  Chem.,  1907,  60,  584)  has  found,  the 
oryoseopic  molecular  weight  in  very  dilute  solution  is  normal.  Thus 
in  water,  benzene,  and  ethylene  bromide,  to  take  only  three  examples, 
the  molecular  weight  of  ethyl  tartrate  is  normal,  whilst  the 
respective  specific  rotations  are  +26  96''  (Trans.,  1904,  85,  1130),* 
+  6-r  (Trans.,  1902,  81,  U07),  and  -  18-8^. 

Reference  has  been  made  in  the  previous  part  of  this  investigation 
(Trana.,  1907,  91,  1843)  to  the  possibility  of  combination  of  solute  and 
solvent.  It  is  clear,  so  far  as  our  solutions  are  concerned,  that,  since 
we  have  at  present  no  means  of  determining  the  number  of  molecules 
of  solvent  that  combine  with  one  molecule  of  solute — if  such  combina- 
tion  occurs  at  all — and,  further,  no  means  of  determining  the  value 
of  the  equilibrium  constant,  an  attempt  to  apply  this  idea  would  be 
premature.  Certainly  no  indications  of  combination  similar  to  those 
observed  by  Irvine  (Trans.,  1906,  89,  1568)  or  by  Qennari  {Zntseh. 
pky$Uud.  Chmn,,  1896,  19,  130.  See  also  Winther,  Bidrag  til  den 
opHehi  dnjninge  Tewi,  p.  115 ;  ZnUek.  phy$ihal,  Chrnn.,  1907, 60, 681) 
have  been  met  with  by  us  in  the  course  of  these  experiments. 

EZPBRIIIBNTAL. 

The  ethyl  tartrate  used  had  a'J  '  +9*153°.  The  various  solvents 
(which  were  obtained  from  Kahlbaum)  were  purified  by  washing  with 
dilute  alkali  and  with  water,  drying  with  calcium  chloride,  and 
distillation,  either  at  atmospheric  pressure,  with  a  Young  column 
or  under  reduced  pressure. 
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Ethyl  TarlraU  in  Methylene  Chloride, 

Tlie  boiliog  point  of  the  methylene  chloride  wae  net  vety  Bteedy. 
The  fraction  need  distilled  between  40<25®Mid  41*75<>  «t  atmoepherio 
jwessure:  • 

1.  ^-5-11606. 


14  7 


20-7 


24 -r     27  0 


ao-r 


<  (i«o 

nim.) 


-0-308  -0-204  -0-170  -0-116  -0  072 
-2-81    -1-88    -1-67    -1-08  -0-07 


III.  f»  17  0966. 

e   i6'5» 


21'8'     25-r  29-1" 


aj(ie0mm.)  -1-203  -0-929  -0-733  -0*49/ 
[aJJ   -8-35    -2-80    -2-08  -1'40 

V.  p«61-88. 


II.  9-74502. 
16 -2'     20-4^     -26 -S' 

-0-638  -0-480  -0-276 
-8-08    -2-88  -l'^ 

IV.  32*8988. 

le-r   2i*«*  25-6* 

-2-050  -1-588  -1'090 
-8-02    -  2-27  -1-62 


(180  mm.) 

wi   


19:0' 

+0*280 
+0-28 


26-9* 
•hi '818 
+  1*48 


30-9" 
+2*588 
+2*12 


32-3' 
+8-862 

+2*35 


34-7' 
+  3*820 
+2*73 


Solvtnt 


DmuUw  dtUnnined : 
I. 


18*06» 

20*77 
26*23 


42. 

1*3897 

1-33467 
1-32464 


•20-37° 
22  11 
27-20 


III. 


1-30S30 
1*30(>63 
1-29719 


I'. 

19-  34* 

2-2-85 

20-  96 


19-6- 
22-88 
27*38 


d. 

1*32885 

1-32246 
1-31693 


1  -28704 
1-28207 
1  •27538 


r  s 

d, 

18-57'  1-32249 
21-25  1-31792 
28  13  1-30607 

V. 


18*86° 

21*42 

26*45 


d. 

1-24867 
1-24549 
1*28928 


Ethyl  Tatirate  in  Carbon  Teiraehhride, 

The  carboQ  tetrachloride  boiled  very  steadily  at  7575 — 75-84°  : 

I.  =  8-82387. 

!•    18-6' 

of  (160  mm.)..  0-206 

t<    1-21 

II.  21-224. 


0  324 
1*48 


20-9* 

0-  368 

1-  68 


25-2' 
0-54 

2*49 


27-0" 
0-612 

2*88 


30-2' 
0-691 

8^ 


r  

a'  (160  iiiui.). 

K   


III.  48*926. 


a'^  (100  lum.).. 

WJ   


16-9' 
1  -596 

2-36 


16-7' 
0-467 
0-92 


2'2-3'' 

2-  014 

3-  00 


26'B' 

1-  101 

2-  37 


31  -r." 

1-509 
3-02 


35-8' 
1-855 
873 


2c,  -rr 

2-  5-J4 

3-  77 


2-Si^l 
4-35 


3.'5-3° 
3170 

4-78 


39-4° 
3-598 

5-45 
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DmuUiM 


Solvent. 

L 

« 

IL 

111. 

d. 

rf. 

d. 

/  »— ^ 

t\  d. 

19  35°  1*69555 

18-91' 

1-55059 

18-1" 

1-49349 

20  08^  l-:37006 

21*8  1*69114 

23-07 

1-54292 

23-44 

1-48459 

23-38  1-37155 

30-4  1-5742 

29-«0 

1*68091 

27-56 

1-47761 

25-64  1-36817 

58-2  1-6190 

29-54 

1*47421 

82*76  1-86888 

Bthf^  TartTOf  in  SihyUM  Chloride. 

The  ethyleiM  oblorido  used  boiled  very  sfeeftdily  at  82*97^3°  under 
atmospberic  preesiire : 


I.  !>- 5-8702. 

#•    15-9'  19-0»     89 46*6* 

oj(160iiiiii.)  -0  548  -0-492  -0-20-2  -0-128 

WJ   -4-66  -419  -1-76  -1'12 


IIL  i»- 22-0379. 


(100  mm.)... 

W  


13  fl' 
-1-249 
-464 


11.  j»«  11-733. 

18-9'     18'4'     88-9*  41-6* 

-  1-085  -  0-913  -0-341  -0-171 

-4-61    -4-03    -1-48  -0*76 


10-8'       20  6'      24-2'       20  0''       29 '6* 
-1-116    -  0-891    -0-721    -0*607  -0-489 
-4-07     -  8-27     -  2-66     -  2-24  -1*68 


IT.  p«  49-7182. 


<•   

al  (100  mm.). 

w  


147' 
-1-293 

-212 


18-2"  23-3'  27  T 
-0-906  -0-484  +0-02 
-1-48      -  0-79      +  0-08 


30 

+  0-386 
+  0-64 


DemUies  dUermined: 


SoUent. 


18-5*  1*26569 

21-42  l-25in 
27  16  1-24303 


I. 


18*6«* 

20-27 
24  05 


1*25068 

1-248-29 
1-24287 


tr. 

18 '76' 

20-96 

31-72 


d. 

1-24630 
l-24:}-J2 
1-22819 


IIL 


18-16* 

20*92 
80-65 


1*24076 

1-23711 
1-22404 


IV. 
■  * 


18-15*  1-22641 

21-65  1-22217 
27  12  1-21553 
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£thi^  TaHrale  in  SikyUdtM  Chloride. 

The  ethylideue  chloride  boiled  very  steadily  at  57*4 — 57*5°  : 

I.  p«  4-64846. 

!•   11-6*      ler      irer      22-8*      26'8*  27*8' 

«;(160]nni.>...    -  0-345    -0  269    -0'195    -  0-129    -  0*091    +0  057 

(•E   -3-9       -a-06     -2*23  -1-06  +0«« 

II.  p  =  10-6983. 

t"    11-3'      14  0'      lU  ti'  21-6° 

<(160min.)  -0-906  -0798  •'0-644  -  0*452 
[•K    -4-44    -8-98    -27  -2-26 


III.  p  =  34-237. 

12  0^      17-0^      24-9''      27 -O* 
-2787  -2*216  -IW  -0789 
-4*29    -8*40    -1*66  -1*22 


Solvent.  I.  II.  III. 


<  >  f  \ 


t.           d.                t\           d.               l".  d. 

17-6"     1-17922         19'9r  1  17658  19-27''  117915  199''  1-1855 

21*25    1*17864        23  17  1*17167  22*24  1  17471  26*28  1  17822 

29-26     1*16097        27*87  1*16446  28*97  1  16467  27*71  1*17604 


£ihyl  TarlrcUe  in  Acetjflmt  Tetraehiaride, 

The  acetylene  tetrachloride  boiled  between  94°  and  100°  under 
15  mm.  pressure  : 

I.  4-96198. 

t'   is-r      21  •2'      2Ci-r      31 -.r      36 -s' 

(leO  mm.)   '-2-075      -1-863      -  rd43      -  1  ir.3  -1-^83 

£aj^   -16  63      -14-93      -13  24      -11-76  -1044 

IL  p«  9*314. 

16*0»    22*3*    29*r    38-4*  89'8*    48*2*    6«*4*    72*8'    92  8'  101*8 

o{;(160  mm.)— 

-3-43t)  -3  073     J  til 7  -2  3 19  1  923  -  1-533  -0'705  -0*304  +0-252  \  0-'>r,6 

[a];;- 14-81 -13^33  -1142 -10  30  -8  48   -6  82   -3-19    -1-66   +1-17    +2  61 

III.  /»»  38*062. 



(160  lum.}.. 

t<   


15-6'      23*r      27 -r      80-9'      84  •6'      37  "O* 

-GT>r,9      .V0S5    -4-253    -8*665    -3-113  ~2A15 

-7-55     -6-90     -4*94     -4*27     -3'65  -2-81 


Solvent. 


I. 


n. 


IV. 


r. 

d. 

f. 

d. 

t\ 

18-2" 

1  -60803 

18-79" 

1-67512 

21-68' 

1  -54838 

1770' 

21  1 

1  5985 

22-23 

1  -5(3993 

31  92 

1  -53320 

23-41 

20 -62 

1-58995 

27-44 

1  -5(3-203 

32-50 

1  -5323 

28-27 

29  27 

1  -5858 

41  0 

1-5198 

71*2 

1*4747 

d. 

1-42309 
1-41578 
1  -40950 
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Sihyl  TarimU  in  Bromofwm, 

The  bromoiui  iii  boiled  at  40 — Vl'^  under  a  pressure  of  10 — 12  mm. 
(oil-bath,  80—90") : 

I.  p»  7-0809. 

r    16  20-6''  24 "S*  39  8^ 

a^(iaOinm.)   0*141  0*296  0*447  0*928 

{•X   0*47  0  W  1*61  »17 

U.  />«9-9976* 

r   ie*»'       22-6'       38-8°       50-6"       59-r  76*9* 

(249-6  mm.).      0-540      0-891       1-953      2-633      3  075  8-»95 
[aj^   0-86        1-43        3  18        4-3i        511  6*76 


III.  ;>  =  30-915. 


e    14  •5'  16-9"  28-9° 

o;,  a(jU  mm.)    2-407  2-741  4*041 

[ttK    2*42  2*76  4*11 


Densities  deUrmined 


Solvent. 


r. 

19  07' 
21  17 
25-76 


2-8924 
2-8869 
2-8750 


I. 


e.  d. 

19  04'  2-62003 

22-56  2-61179 

30-03  2-59402 


11.^ 


12-9° 
31*0 
520 
78*0 


d. 

2-5169 
2-4751 
2*4270 
2*3780 


III. 


22-87 
82*17 


d. 


19-25°    2  00405 


1-99788 
1*9808 


Ethyl  Tartrate  in  Ethyl  Bromide, 
The  ethyl  bromide  boiled  very  steadily  at  37*8^ : 


I.  i>  =  4-9815. 

t"   20-r 

o'J  (170  mm.)...  0119 
WL"   -0-97 


IV.  /»- 65-282. 

I"   'le-G" 

o;;(70mm.)    1-319 

laj;;   2-24 


II.  ^=10-92. 


17-r 

-0-381 
-  1-43 


21-.';''  *26-S° 
-0-240    -0  003 

-0-91  -Oil 


III.  /)  =  30-576. 


19-T-  •21-5° 
(70  mm.)    0  103     -  0  06G 
0-66  -0-22 


23-5" 
1-910 

3-27 


24-7' 
2  003 

3-43 


V.  p  =  2  01598. 

Only  the  density  of  this  solution 
was  examined. 


*  This  series  nf  observations  wtis  oarritil  out  with  a  diirer*  iit  .samiil'j  of  bromofunn 
from  ihat  usc<l  for  tlte  other  two  series.  Unf'Ttunateiy.  by  an  ovi  rbight,  its  density 
was  not  determined,  aud,  therefore,  this  aolutiou  does  not  uppear  amongit  those  lor 
which  Talaea  of  molocolar  solucion*Tolttme  an  given  on  p.  871. 
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DemitiM  dtUrmimd 


Solvout. 


18-  32' 

19-  62 
22  5 


 \ 

1-4G3G9 
1-46107 
1-45523 


IIL 


18-86' 

19  37 
20*10 


d. 

1-8726 

1-37129 
1-39038 


IT, 

18-  7' 

19-  77 

20-  93 


19 'ft?' 

2017 
21-20 


1. 


II. 


d. 

1-44652 
1-44439 
1-44210 


d. 

1  -28320 
1-28260 
1-28117 


r 

18  95' 

22-9 

27-20 


d, 

1-42332 
1  -42090 
1-41242 


1  -4552 
1  4501 


Btkj^  TariraU  in  Eth^kn$  Bromidi, 

The  ethylene  bromide  boiled  very  sleadily  at  34*^  under  a  pressure 
of  14  mm.  (oU-batb,  65—58'')  : 

•> 

;»»5-58716. 

  15*4*        18  0'        20T        22-7'        42-7'  43-4' 

a;;  (160  mm.)*    -2-840      -2-762      -2-622      -  2-.-04      -  1  734  -1-710 
  -15-24     -14-82     -14-11     -13*50       -9*53  -9*41 


Deiuiti08  determined** 

Solvent.  |;=5-58716. 


r.             ii.  t\  d. 

18-1"  21856  18-02"  2-08414 

21-37  2  17675  20-18  2*07987 

80-55  2-16945  27-82  2  06484 


Ethyl  TartraU  in  Acetylene  TUraJbromide, 

m 

The  acetylene  tetrabromide  boiled  steadily  at  117*^  under  a  pre&&uio 
of  14  mm.  (oil-bath,  155—165°)  : 

1.  j»»  5-6676. 

f                      17-7  20-4'  23  0"  25-4  44*4' 

0^(160  mm.)    -8-46  -8*324  -8-172         -8-014  -2-028 

[iTg              -18-08  -18-86  -12-85  -12  24  -8  84 

ir.  />»9  9596. 

r   16-2*  10-6"  22-8»  817* 

of  (160  mm.)    -4-68         -4-21         -8-90t  -8146 

[aj;    -11-01        -10-26         -8-64  -774 
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III.  j>  =  20-1  IPG. 

  117° 

(100  mm.)    -  S  m 

[«r.    -7  03 


vi-tf*         i6;r  19-8" 

-31i7  -2-887  -2-505 
-G-83  -G-28  -5-17 


Deiiiities  determined 


Solvent. 

t\  d. 

20-87°  2-96182 
23-78  2-95518 
31-5  2-93797 


IL 


III. 


t\  d. 

19-99°  2-72802 

22:M  2-72193 

31-50  2-7038 

45-91  2-6736 


19-82' 

21-95 

3(1:2 


d. 

2-57597 
257167 
2-55516 


17-76' 


d. 

2-28204 
2-27661 
2-26694 


Ethyl  Tartrate  in  Methyl  Iodide. 
The  methyl  iodide  boiled   at   42-12 — 42'14°  under  atmospheric 


pressure : 

L  ;>  =  5  19605. 

r    11:^: 

<Q70mm.)..     0  10 

[«][.    0-52 

III.  /?=^.S8-Q899. 

r  

a[,  QOO  mm  )   

[<  


■20-3' 
0-2iS 


14-5" 
1-327 
206 


28-3^ 
0-410 
216 


22-2' 


ir.  7^  =  1^-4466. 


18-r 

0-351 
0-95 


0-ii(13 


24-4" 
3 -IS 


24-8° 

0  653 

1:15 


25-5° 

2-  311 

3-  S2 


Densities  determined : 


Solvent. 


d. 


18-22'  2-28408 
2Q-85  2-27655 
26:^5  2-26063 


r. 


d. 


19-39'  2-17168 
2103  2-16729 
•j6-6-j     2  15225 


II. 


r. 

18-86' 
21  02 
23-16 


d. 

2-07572 
2-07034 
2-06492 


IlL 


d. 


18-77'  1-68916 
2Q-Sii  1-68540 
25  12  1-67773 


Ethyl  Tartrate  in  Methylene  Iodide. 

The  methylene  iodide  was  washed  with  dilute  alkali,  then  with 
water,  dried  with  anhydrous  sodium  sulphate,  and  distilled  under 
reduced  pressure.  It  boiled  between  66°  and  70°  under  a  pressure  of 
11—12  mm.  (oil-bath,  80—90°): 

p=  1-4233. 

t'   18-9' 

af  (160  mm.)...  -0-1 

k:   -1-^^ 


25-7' 
■f  0-0-28 

i  0-33 


32-2' 
+  0-108 

+  L1Z 


39-7' 
4  0-178 

f  2-4G 


43-6' 

+  0-226 
+  3-12 


46-3° 
+  0-234 
+  3-24 
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Dmntist  dotertnined  : 
Solvent.  y=l;4288. 

19'41*               3-32605                        21 -Od*  3'23641> 

21*5                332138                       22*91  3'23154 

.2«7ft              8'8074                      267S  8-22161 

29-15              8*3010                      83*48  8*2088 

Etkffl  TarkuU  in  £th^  Iodide, 
The  ethyl  iodide  boiled  at  72-25 — 72*3^  under  atmospheric  pressure. 
I.  ;)  =  5*17118. 

r                               20-6°            25  •2°              27  0°  50-2' 

o[;  (170  mm.)            -0-3           -0194          -O  lOti  +0  462 

[a]^                      -1*82         -1-19          -0-66  +2-91 

U.  i»=>  10-6333. 

r              12-8'        ig-r"        25-r        :jo-o^  45-9" 

o[,  (170nim.)  -0-824         -0-4fl5         -  0-215         +0-033  +0-619 

[a][,                -2-51          -1*42          -0-6()          +010  +1-63 

m.  p«  32*766. 

e                           IS  7^           26-2'            29-2  80-r 

o|;(l70inm.)              0  057           I'OOS            1389  1-«51 

(c£                           O  OU            1  13              1-67  1-87 


JjtmilUs  determined : 


Solvent. 

/  '  . 

d. 

lO^S''  1-93875 
L'0-99  1-93483 
24 1-92654 
82-36  1-90862 


I. 


II. 


III. 


e,        d.              f.        d.  d. 

18-  58"  1-87591  18-22°  1-81533  18  07°  1-60740 

19-  33  1  874-22  20  41  1  81067  20-4fj  1  •00373 
21-38  1-86976  21  75  ISOSOl  25  33  159553 
24  17  1*86867  26  01  1*79910 

82*9  1-64426 


MolectUar  Mution  Volume  ai\d  Specijic  Jiotaliorif  at  20'^,  q/'  Ethyl 

I'aHraU  in  Various  SUvtnia, 


Molecular  volume  of  ethvi  tartrate  at  20"^  =  ,  ~~-=  170'91  c.c. 


For  the  homogeneouB 

ester,  [a]iJ*'» 

+  7'76*>. 

iH>lvCUt. 

r- 

d2074°. 

0 

1-3361 

c.c. 

174 -r 

-1-60' 

6-11606 

1-32749 

173-73 

--2  08 

9-74502 

1  -32006 

173-4 

-2-40 

17-0966 

1-80890 

172*92 

-2-79 

32-8988 

1-2863 

172-32 

-  -I  'sO 

61-8807 

1  -2473 

171-93 

+  0-30 

•  JixtrupolatuJ. 
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MoUcular  ^Qlution  Volume  awl  Specific  JioffUion,  at  20%  qf  JSUiyl 
TarirciU  in  Various  Solvents  (continued). 

Solvent                     JK  diOr/A".      M.S.V.*'.  [•]«>•. 

o,c. 

Carbou  tetrachlorido                  0  1*59472  173-90*  +rO' 

8-  8289  1-54858  17279  +1'53 
21-221  1-49033  171  "81  -fl-38 
48-926  1-3762  171  11  +2  75 

Ethylene  chloride                      0  1  25350  176  -0*  -4  -20* 

6*8702  1-24868  175-14  -4  07 

11*788  1*24467  174*39  -8*80 

22*0379  1-23833  173-47  -3  40 

49*7182  1-22417  172-26  -  1-22 

Bthylideue  cUlorid*"                   0  1  17649  172*8»  -170* 

4*64846  1*17644  172*2  -  2*15 

10  6983  ri780n  171-67  -2  63 

34-237  1-1854  170  97  -2-68 

Acetyloue  tetrachloride              0  1  6O022  173  4*  -16-60* 

4-  96198  1  57330  173  1  -15-20 

9-  3140  1*5608  172*8  -13  80 
38*0616  1*4202  171  <  -6-65 

Bromolbnn                          0  2-8^99  177-0*  +n  20* 

7  0809  2-61778  175-93  0  93 

9'9976t  —              —  1-19 

30*916  2  0037  173*43  8*09 

Ethyl  bromide                        0  1  172  6'  -0*95* 

2*01598  l-45:]33  17241  — 

4*9815  1-44395  172  26  -0*98 

Ot  1*46018 

10-92  1-42631  171-75  -1  05 

30-676  1-37056  171-25  -0-62 

66*282  1*28272  170*97  +  2*78 

Ethylene  bromide                   0  2*1816            —  -18*8* 

6*68716  2*08023  17678  -14*3 

Aoetylene  tetrabromtde             0  2-9638  176  8*  -20  0* 

5-  6676  2-72804  175-49  -13-47 
9  95956  2  57561  174  69  -10  19 

20*1106  2*27798  178*56  -5*58 

Uettiyl  iodide                      0  2-27899  17'j  s'  108» 

5-19605  .  2-17005  177  77  1-13 

10-4466  2-07288  176  42  1-20 

88*0809  1*68698  178*67  2*86 

Methylene  Iodide                      0  8*32637           —  — 

1*4233  3*23921  177*7  -0*8 

Ethyl  iodide                           0  1  93706  178  -3'  -2*2* 

5-17118  1-87279  176  9  -1*88 

10-6333  1-81155  175-6  -1*46 

32*766  1*6044  173*6  -1-0*24 

•  Bxtmnolftted.  t  See  note  on  p.  367. 
t  A  freeli  aample  of  ethyl  bromide  was  need  for  the  next  three  eolations. 

It  )?ives  lis  pleasure,  in  conclusion,  to  acknowledge  our  indebtednesB 
to  tilt'  Research  Fund  Committee  of  the  Chemical  Society  for  a  grant^ 
which  defrayed  the  expenses  of  this  investigation. 

Ths  U51VBB8ITT,  Glasqow. 
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XXXVl. — The  Refractive  Power  of  DipfienylhexcUriene 

and  Allied  Hydrocarbons. 

By  Ida  Smedlvt. 

Thi  present  loTestigation  wae  undertaken  three  years  ngo  with  the 
object  of  studying  the  refractive  powers  of  open-chain  hydrocarbons 
oontaining  contiguous  ethenoid  groups.  The  molecular  refractive 
power  of  bensene  had  been  regarded  as  evidence  that  bensene  contained 
three  ethylene  Unkings  (BrUhl,  Ber„  1887, 20, 2288} ;  it  was  therefore 
important  to  determine  the  effect  of  three  contiguous  ethenoid  groups 
arranged  in  an  open-chain. 

The  phenyl  radicle  was  known  to  exert  sn  increased  influence  in 
oinnamyl  compounds;  the  exact  conditions  affecting  this  variation, 
however,  had  not  been  clearly  defined.  It  was  important  to  ascertain 
whether  the  mere  accumulation  of  phenyl  groups  involved  a  dis- 
proportionate increase  of  refractive  power  or  whether  such  incresse 
took  place  only  when  phenyl  was  connected  with  an  unsaturated 
groups  Evidence  was  required  as  to  whether  any  sudden  change  takes* 
place  in  refractive  power  when  phenyl  is  associated  with  an  unsaturated 
group,  such  as  might  be  expected  if  the  phenyl  radicle  were  to  phaoge 
suddenly  from  an  ethenoid  to  a  centric  condition;  or  whether  the 
change  is  a  gradual  one  and  the  order  of  increase  in  any  way  propor- 
tionate to  the  number  of  unsaturated  groups  associated  with  the 
benaenoid  structure. 

Finally,  additional  evidence  was  needed  as  to  the  influence  of 
unsaturated  groups  on  eaeh  other.  Does  a  series  of  unsaturated 
groups  act  sg  a  conducting  chain,  in  such  a  manner  that  the  addition 
of  an  unsaturated  group  at  one  point  of  the  chain  influences  the 
refractive  power  of  each  unsaturated  group  present  or  is  the  effect 
of  the  newly-added  radicle  limited  only  to  the  adjacent  groups? 

I  had  already  been  some  time  engaged  in  preparing  the  simplest 
hexatriene,  CH'.iCH-CHICH-CHICUa  (Proc,  U»UG,  22,  158),  when 
its  synthesis  was  accomplished  by  van  Romhurgh  and  van  Dorssen 
(Proc.  K.  Akad.  Wetenech.  Amsterdam,  1905,  8,  565);  the  refractive 
and  magnetic  rotatory  powers  of  the  hydrocarbon  were  subsequently 
ascertained  by  Sir  William  Perkin  (Tran.=.,  1907,  91,  806).  To 
synthesise  diphenylhoxatriene,  C.H.-CHIOH-CHICII-CHICH'O^Hj, 
the  attempt  was  made  to  eliminate  chlorine  from  aa  dichloro-y-phenyl- 
propylene,  C,.IT,;CH:CH'CHCl2,  but  witliotjt  succcbs  ;  the  diformato 
of  dihydrocinnanioin  was  tlun  prepared,  and  examined  in  the  hope 
that  diphenylhexatrieiie  would  be  formed  on  distilling  this  compound.  i 

Di/ii/drocintiavwin. — This  compound  was  prepared  by  reducing  , 

i 
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oionamaldehjde,  dissolved  either  in  glacial  acetic  acid  or  in  alcohol,  by 
means  of  zinc  dust ;  at  most,  10  per  cent,  of  the  theoretically  possible 
amount  was  obtained  ;  no  other  product  could  be  isolated  from  the 
viscovis  Bolution  (coiiipare  Thiele,  Ber.,  1899,  32,  1296). 

On  warming  dihydrocinnamoin  with  an  alcoholic  solution  of  silver 
nitrate,  a  silver  mirror  is  at  once  formed  ;  diliydrobonzoin  has  a 
Kimilai'  effect,  but  acts  very  much  more  slowly.  Apparently,  the 
reducing  power  of  the  secondary  alcohol  group  is  aflFected  by  the 
presence  of  the  conjoined  ethenoid  group  much  as  it  is  by  that  of 
a  carbonyl  group.  In  fructose,  the  reducing  power  of  one  of  the 
secondary  alcohol  groups  was  ascribed  by  Fischer  to  the  influence  of 
the  adjiicont  carbonyl  group.  In  dihydrobenzoin,  the  influence  of 
phenyl  is  to  increase  the  reducing  character  of  the  CH'Oii  group  ; 
this  effect  appears  to  be  further  heightened  when  the  phenyl  is 
displaced  by  the  more  unsaturated  cinnamyl  group. 

In  the  hope  of  obtaining  an  osazone,  dihydrocinnamoin  was  heated 
with  phenylhydrazine  acetate  ;  the  liquid  quickly  became  deep  rod,  a 
Email  amount  of  a  dark  red  oil  separating,  but  the  p;reater  part  of  the 
original  compound  was  recovered  unchanged ;  no  other  substance  could 
be  isolated. 

Action  of  Formic  Acid  on  Dihydrocinnamoin* 

Eley«ii  grama  of  dihydrodmiaiiioiii  were  heated  with  20  o.c.  of 
formio  add  (0  1*3)  during  four  hours  on  a  water-bath.  A  deep  yellow 
oil  MpaiyM,  whtoh  solidified  to  a  hardi  yellow,  resinous  mass, 
approidmating  in  composition  to  the  diformate  of  dihydrodnnamdn. 
It  was  readily  soluble  in  organic  solvents  but  was  deposited  always  aa 
a  ydlow  dl,  which  solidified  gradually  to  a  resinous  mass. 

The  difilonlty  experienoed  in  purifying  this  substance,  its  tendency 
to  rednif^,  togeUier  with  the  small  yield  of  dihydrodnnamoin 
originally  obtained,  induced  me  to  seek  another  means  of  preparing 
diphenylhezatriene;  eventually,  it  was  found  that  it  could  be  prepared 
by  condensing  dnnamalddiyde  with  phenyltfeorotonio  acid  (Proc., 
1907,  23,  162): 

CaH»-CH;CH'CHj-CGJI  +  CH0-CH:CH»CgH5- 

COj  +  HgO  +  CaH5-CH;CH-CH;OH-CH;aH-C4H6. 

Condensation  of  Plienyliaoorotonic  Acid  with  Cinnaimldehyde, 

A  mixture  of  molecular  proportions  of  sodium  phenyltsocrotonaie, 
dnnamaldehyde,  and  acetic  anhydride  was  heated  during  forty  minutes 
on  an  oil-bath  at  140°.   A  clear  yellow  liquid  was  obtained,  which 
solidified  on  cooling.   In  the  first  experiment,  the  mass  was  extracted 
with  a  solution  of  sodium  carbonate,  which  was  then  shaken  i^th 
ether,  pe^ween  t)ie  two  lasers,  an  extreme^  emaU  amount  of  small, 
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yellow,  glUtoniDg  leaves  separatod  but  no  other  subBtanee  could  be 
isolated;  the  erade  product  consisted  mainly  of  resinous  substanoes 
of  indefinite  eomposition,  similar  to  those  obtained  in  preparing 
d|faydrooinnamotn. 

If  the  crude  produot  be  not^rst  treated  with  sodiam  oarbcmate,  but 
at  once  extracted  with  boiling  ehloroform  or  acetone^  yellow,  glistening 
leaves  are  deposited  from  the  liquid  on  oooling,  the  yield  being  con- 
siderably increased.  From  35  grams  of  phenyltMcrotonie  acid,  2  grams 
of  the  hydrocarbon  were  thus  obtained. 

After  this  preliminary  purification,  the  hydrocarbon  may  be  treated 
with  sodium  carbonate  without  diminishing  the  yield ;  it  was  finally 
recrystallised  several  times  from  boiling  acetone  and  chloroform 
respectively,  the  melting  point  was  194®  (unoorr)  :* 

0  0618  gave  0  2100  CO.,  and  0'0404  K^O.   G  =  92  72  ;  11  =  7-28 
0  1354   „    0-4602  CO,'  „   0-0880  H,,0.   C  =  92-69  ;  H  =  7-22. 
^is^se  requires  C  -  9310  ;  H  =  6  90  per  cent. 

Action  of  Bromm% — To  a  solution  of  0*5  gram  of  the  hydrocarbon 
in  chloroform,  three  molecular  proportions  of  bromine  dissolved  in  the 
same  Rolvent  were  added.  The  yellow  solution  was  decolorised  at 
first,  but  eventually  became  coloured  by  the  bromine.  After  some  time, 
a  white  solid  separated,  which,  when  recrystallised  from  chloroform, 
appeared  in  rather  indefinite  needles,  melting,  but  decomposing,  at 
228 — 230*^  (uncorr.).    This  substance  was  <itjaA«»yM«xa<ri0fie  Aisea* 

0*0989  gave  0*1578  AgBr.  Br-67'89. 

CisUj^Br,.  requires  Br  «  67*42  per  cent. 

The  very  dilute  solution  in  chloroform  or  benzene  of  diphenylhexa- 
trione  shows  a  beautiful  blue  fluorescence,  which  gradually  disappears, 
the  solution  acquiring  a  brown  tinge. 

The  pale  yellow  colour  appears  to  be  an  inherent  property  of  the 
hydrocarbon,  a«  it  is  not  removed  by  continued  recrystallisation. 
This  is  the  lowest  member  of  this  aeries  of  hydrocarbons  in  which 
colour  appears  ;  diphenylbutadiono,  CgH.'OH!CII-CH!CH*C^Kj, 
prepared  accordinfj  to  Thielo's  method  (Aniialen,  1899,  306,  201),  is 
a  white  substance,  showing  a  marked  blue  fluorescence  in  alcoholic 
solution,  but  both  diphenylhexatriene  and  diphenyloctatetrene  (Fittigi 
Aimalen,  1904,  331,  151)  are  yellow. 

DtUrminations  of  He/ractive  Index, — The  high  meltiug  points  of 

*  Since  compleiing  this  work,  I  hnvt  learnt  that  the  aame  oondenntion  has  been 

studied  in  Professor  Thiele's  laboratory  by  ICnell,  who  has  isolated  diphenylhexa* 

♦  r  i -iio  -y-prtrltoxylir  m  i<l  l.y  workinaj  at  low»  i  t'>mperatnres.  niitl  has  ohtaincl  alv)ut 
0  gi.ijti  oi  thf  hylrvMi'iou  as  thc  icsuU  of  fifteen  to  twenty  coudenaationa 
(Itiaug.  JJisa.,  Munich,  1^^. 
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these  substances  and  their  comparative  insolubility  make  the  deter- 
mination of  their  refractive  power  diflicult.  The  best  solvent  for 
diphenylhexatriene  is  chloroform,  but  at  the  ordinary  temperature  a 
saturated  solution  contains  less  than  2  per  cent.,  and  even  at  the 
l>oiling  point  a  chloroform  solution  contains  less  than  4  per  cent.  The 
refractive  power  of  the  diphcnyl  derivatives  of  butadiene  and  heza- 
triene  was  determined  in  dilute  chloroform  solutions  (1  to  3  per  cent.) ; 
to  check  the  results,  diphenyl  and  benzene  were  examined  under 
similar  conditions,  and  the  results  compared  with  the  valaea  obtained 
by  other  observers'  work  with  the  undiluted  substances. 

Tlie  experimental  error  arising  from  the  use  of  suoh  dilute  solutiooB 
appears  to  be  about  2  per  cent. ;  bat  the  refractive  power  is  so  much 
higher  than  that  calculated,  oeiDg  the  values  deduced  from  fatty  com- 
pounds, that  this  degree  of  error  does  not  seriously  affect  the  conclu- 
sions to  be  drawn.  The  error  is  exaggerated  in  calculating  the 
dispersive  powers,  which  are  therefore  less  trustworthy  than  the 
refractive  powers ;  the  numbers  indicate,  however,  that  a  very  remark- 
able  increase  in  dispersive  power  attends  the  introduction  of  every 
additional  unsatnxated  group  (compare  Briihl,  Ber,,  1907,  40,  878, 
1163). 

The  very  slight  solubility  of  the  ootatetrene  derivatives  makes  them 
sttll  less  suitable  for  examination. 

The  Mmfirm  used  as  a  solvent  in  the  first  set  of  experiments  was 
dried  over  ealeium  chloride  and  distilled,  the  portion  boiling  from 
61*3®  to  61*5®  being  collected*  .The  specimen  used  in  later  experiments 
was  freed  from  alcohol  by  washing  several  times  with  water,  then 
allowed  to  stand  over  concentrated  sulphuric  acid,  and  finally  distilled 
from  potassium  carbonate. 

Diphenylkexeriri0ne,'^'Sh»  preparation  and  purification  of  this  hydro- 
carbon have  already  been  described. 

DiphanyllmkdUm, — This  was  prepared  and  purified  according  to 
the  directions  given  by  Thiele  {Anmdmy  1899,  306,  201). 

Diphenyl — ^The  sperimen  used  was  obtained  from  Kahlbaum;  it 
melted  at  7P. 

Bmnzena, — ^This  was.  dried  over  calcium  chloride,  then  allowed  to 
stand  over  phosphoric  oxide,  distilled  from  this,  and  carefully 
fracti<mated. 

The  observations  were  made  with  a  Pulfrich  refractometer  at 
temperatures  lying  between  15®  and  20®;  the  specific  refractive 
powers  of  the  solutipus  ez^mii)ed  are  given  in  table  I : 


yoL.  xciiji.  «  c  ^ 
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Tablb  I. 

Per  cent 
strength 


of 


Snbetettet.      Formula,  tolutioii.  (/4+ 8)   '   {ti+2}d'   H..  M^-M« 

Chloroform  : 

Specimen  I   CHCIs 

Specimen  II  nsed 
in  Sod  detei  initi- 
ation diphenjl- 
hexatriene   

BmIWIN)    ^fl^A 

Diphenyl   ^i2"\o 

DiphenjribaUdieuo  .  C]«B|4 

DipbenylhezatiieDO  •  CioHk 

Influence  of  the  PJisnyl  Radicle  in  SaturcUed  Hydrocarbons. 
The  effect  of  the  successive  displacement  of  the  hydrogen  atoms  of 
methane  by  the  phenyl  radicle  was  stodied  by  Sir  WilliaiA  Perkio, 

who  concluded  that,  unng  the  fonnola  'i^-Lfor  the  spedfio  relnetion, 

the  increment  in  refractive  power  incroasos  slightly  with  the  intro- 
duction of  each  additional  phenyl  group  (Trans.,  1895,  69,  1152). 


0-17848 

018167 

21  88 

21-70 

0-87 

0  17881 

018145 

21-30 

21-68 

0-38 

1*8029 

0-18168 

26*0 

3-0062 

0-18334 

0-18668 

62-35 

54 -In 

1-8 

4-4493 

0  18821 

0  19824 

81-86 

91-44 

9-5 

1-8132 

0-18264 

0  18644 

83-96 

92-70 

8-8 

1*288 

018169 

0-18668 

99-7 

116-4 

16-7 

11744 

0*18188 

0*18545 

1021 

121*2 

101 

If,  however,  the  fomwla  ^ 


8-1  1 


^     ,  be  applied,  the  agieemeDt  between 

fi-  +  2  a 

the  numbers  obtained  is  well  within  the  Umito  of  experimental 
accuracy,  unavoidable  error  being  introduced  by  our  reference  to  an 
arlntrarily  chosen  standard,  such  as  the  red  hydrogen  line. 

Table  II  shows  that  the  value  for  the  introduction  of  the  phenyl 
group  into  a  fatty  hydrocarbon  is  unafiEeoted  by  the  eubeequent  intro- 
duction of  a  phenyl  radicle,  both  where  the  phenyl  groups  are  united 
with  the  same  carhon  atom  and  where  they  are  separated  by  saturated 
hydrocarbon  groups* 

Tabu  II. 


Sobatanee.  Fomrala. 
MoUiane  CH« 


Obsenrar. 
Dulong .... 
Mascart.... 

Pirkin  Toluene 

Perkin          Diphenylmethane  CHj(CjHi), 

Perkin           Triphonyhncthane  CHiCgHa), 

Ethane  *    CH3*CH, 

Liindolt  and 

Jahu  ....  Ethvlbeuzcna   CH.'CH^TrtH., 


which    —  i!*„.*, 
examined-  d  /if-f-S  IncreouHit 


09 

99 
99 


6-61 
6*62 
81*08 

55-38 
79-82 


24*46 

24-30 
24-44 


UttllU    .     ....      1  .kll  I  I  utMI/.WUV  \/.Al3   \.''X1<2    V  ^  I  I  r, 

Eyckmaun..  Dibenzyl    CeHa*CHa*CHa*GtH, 

Chileaotti ... 


38-38 
60  07  \ 

sootj 


24*27 


14  5 
80-6 
20 

(in  aolntiou] 

*  Thiit  value  \%  for  AoJiuiii  light,  hut  the  d^ree  of  dlapetaion  in  auoh  a  compound 

is  so  small  that  the  Vfihip  in  very  little  afTeci^d. 

f  T!i'  1m\v.  r  miTiiluM  i-  t  ikt-n,  sii-.oe,  if  tlie  tcuipciat iii r-cocfficieut  bo  taken  into 
Accouni,  liic  ulhcr  v<iluv  would  be  appreciably  diuuniohed. 
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Injluence  of  tk$  Phenyl  RadioU  in  UntaHtraUd  Eydrooarbona. 

Ab  early  as  1881,  Gladstone  pointnd  out  thftt  the  refractive  power 
of  substances  in  which  an  unsaturated  group  is  joined  to  phenyl 
is  abnormailj  high  {Proc.  Roy.  Soc^  1881,  31,  327);  subsequently, 
it  was  shown  by  Briihl  that,  not  only  is  the  refractive  power  of 
cinnamyl  compounds  greater  than  the  calcnlated  value,  but  that  the 
molecular  refraetiye  powers  pf  isomeric  compounds  in  which  two 
ethenoid  linkings  occurred  was  not  identical.    Of  the  three  structures, 

•ch:ch-ch;ch-ch2'  •ch:o:ch-cHj-ch2-  •cH:cH'OHt-CH:cH' 

the  first  alone  exhibited  an  abnormally  high  refractive  power  (Briihl, 
Annalm,  1886,  2d6»  66 )  Maek,  fh^tihak  Ok$m„  1891,  7,  2),  the 
inerease  being  always  accompanied  by  abnormal  dispersive  power. 

The  combined  effeet  of  ethenoid  groups  forms  the  basis  of  the 
qninonoid  theory  of  colour,  and,  in  his  advocacy  of  this  theory, 
Fkofesior  Armstrong  has  for  many  years  brought  forward  the  view 
that  contignoQS  ethenoid  groups  mutually  influence  each  other, 
co-operating  to  i»odnce  a  selective  absorption  of  light.  This  same 
idea  of  the  mutual  influence  of  unsaturated  groups  was  applied  by 
him  to  explain  the  abnormally  high  refractive  power  of  certain 
benaenoid  aldehydes  (Froc.,  1893,  9,  57). 

Subsequently,  this  idea  of  the  mutual  influence  of  alternately 
arranged  ethylene  linkings  gained  further  support  from  Thiele's  work 
(AtmaUn,  1899,  306,  87). 

A  large  number  of  data  have  now  been  accumulated,  showing  that 
the  presence  of  unsaturated  groups  in  conjunction  in  the  molecule 
always  increases  both  the  refractive  and  the  dispersive  power ;  Briihl 
{Bm-.,  1907,  40,  878,  1153)  suggesto  that  the  eSMt  of  the  conjugation 
is  not  merely  a  qualitative  but  a  quantitative  one,  and  will  be  found 
to  depend  botii  on  the  kind  and  on  the  number  of  groups  present  in 
oonjunetioa, 

A  contribution  to  our  knowledge  of  the  influence  of  the  phenyl  group 
has  been  made  by  Cfliileeotti,  who  has  examined  hydrocarbons  such  as 
anthracene  and  phenanthrene,  and  interpreted  bisreeults  as  supporting 
the  centric  formula  for  benzene  (Gaizetta,  1900,  30,  i,  149). 

Tables  III,  lY,  and  V  show  that  the  effect  of  the  phenyl  group  in 
unsaturated  hydrocarbons  depends  on  the  number  and  the  nature  of 
the  other  unsaturated  groups  present  in  tlio  jnolecule.  The  increment 
in  refractive  power  increases  grail ually  wheit  the  phenyl  group  is 
united  with  an  ethenoid  or  a  second  phenyl  group  and  xe.iches  its 
maximum  value  where  it  acts  in  conjunction  with  a  chain  of  con- 
tiguous ethen  ji  l  groups  Ui^l^eJ  to  a  second  phenyl  nucleus  as  in 
dipheny  hexa  t  r  ie  ne . 

0  c  2 
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Tablb  IV. 

Inermnenf  in  Refiraetive  Power  on  kUrodudng  an  Bihmaid  Group. 

10*77-  2*10   (1)  Becweeu  two  hydrogeu  8*67 

atoms. 

30*68-  2  10    (2)  Between  two  hyaro^'.  n  ^'iU 
3  atoms    whcu  three 

ethenoid  groups  are 

present. 

85*98-25*93    (3)  Between   ;i   hyilrogen  10*06 

atom  auii  a  pheuyi 
group. 

48*00-  26*98   (4)  Between  a  liydrogon  11-08 
2  atom  and  a  phenyl 

group  when  two 
ethenoid  groups  are 

present. 

65*65 -51*95    (5)  Between  two   phenyl  13*70 

gioups. 

82*9  -61 '95    (6)  Between   two  ])]jenyl  16*6 

2  groups  when  two 
ethenoid  groups  ure 
prsseiit. 

100-9  -51-95   (7)  Between  two  phenyl  16*8 

3  groups   when  three 
etheiioid  groups  are. 
present 


Ktlivline  -  Hydrogttu 
Hi  :'JH  -  H'H 
H  H 

Hexatriene  -  Hydrogen 
HC;C*C:C*C:CU  -  H*H 
HHHHHH 

Cinnamene  -  Benzt  ue 
Ph*C;CH  -  i'h*ll 
HH 

Phenylbutadiene  -  Benzene 
PhC:C*C*CH    -  Fh:H 
HHH  H 


Stilbciic  -  Diphenyl 
rhC:CPh  -  rh-Ph 
HH 

Diphenylbutadiene  -  Diphenyl 

PhC:r*C:<  Ph    -  Ph'Ph 
11  ii  11  II 

Dipheuylhexatriene  -  Diplu  nyl 
PhC:C*C:C*C:CPh  -  Ph'Ph 
HHUUHU 


Tablk  V. 

IncretttctU  in  K^ractive  Power  on  displacing  a  Hydrogen  Atom  by  the 

I'htHi/l  G'/ottj). 

26-98  -  2*10     (1)  United  to  a  single    23  88 


Benzene  -  Hydrogen 
Ph'H  -  H'H 

CinQamene  -  Ethylene 

PhC:CH  -H-C:CH 
UH  ilH 

Di;  li-  nyl  -  Hydrogen 
Ph-Ph  -  H*H 

fDinhenyl  -  Benzenes  26*08' 
L  Ph-Ph  -  Ph-H 


85*98-10*77 


61*95-2*10 


2 


] 


StillHjiif 
PhC:CPh 
II  l{ 


hO:ch 
«  H 


65*66 -10-77 


2 


hydrogen  atom, 

(2)  United  to  an  ethenoid  25  21 
group. 

(8)  United  to  a  phenyl  24*92 
group. 


(4)  United  to  a  cinnamyl  27*44 
group. 


1 


[ 


[Stilboue  -Oinnameno=s29'd7 
PhCrCPh-  PhC:CH 
HH  HH 

D i ph e nylbutadiene  -  Pli en  y  I bu tad ie  ue  s  84  *9 

PhC:C*C:CPh    -  PhC:u*C:CH 
H  H  H  H  11  H  H  H 


] 


Dipheuylhexatriene  -  Hexatriene  lOO-U-30'58  (5)  United  to  one  phenyl  35*2 

2  ~  "  ^^'^  three  ethenoid 

groups. 


PhC:c*c:c*c:CPh  -  Hr:c-c:c*c:cH 

iiiiUlUlU  UUIIHUH 
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On  com|)aring  the  values  thus  obUtined,  it  is  sejm  that  the  insertion 
of  three  ethenoid  groups  between  two  phenyl  nuclei  produces  an 
increment  of  47*4  UDits  in  the  molecular  refractive  power,  whereas 
the  insertion  of  three  similar  groups  between  two  hydrogen  .atoms 

only  raises  it  by  28  5  units.    Part  of  the  former  increase  is  therefore 

due  to  the  iiitlueuce  of"  the  phenyl  groups,  but  the  effect  produced  by 
the.so  does  not  remain  of  constant  value,  as  it  is  heightened  by 
association  witli  unsaturated  groups,  and  tluB  increase,  together  with 
that  due  to  tbe  ethenoid  groups  in  conjunction,  is  measured  when  the 
molecular  refractive  power  ut  diphenyl  is  subtracted  from  that  of 
diphenylhexatriene.  The  relative  iniluenco  of  the  phenyl  and 
ethenoid  groups  may,  however,  be  calculated  as  follows  : 

Assuming  that  the  two  hydrogen  atoms  at  the  ends  of  the  chain 
have  the  same  value  as  in  the  hydrogen  molecule :  * 


Molecular  refractive  power  of  hydrogen   2*10 

Kefraction  iucremcut  on  (li<<pla -iiig  two  hydrogfn  itoms  I'v  two 
phenyl  radicles  aiisociaU-d  wilh  three  contiguoiui  ctiicuoid  gruiqis 

(JkU-diphcuylhcxatriene- Ma'hexatriene)    70'S 

Increment  on  iuhortiitg  tim  e  ethenoid  groaps  bfttwoea  tWO  pbenylfl 

(Ma-diphcoylhextttneuo  -  Ma-diplitiuyl)   .«.,*   48*9 

121*8 

The  observed  refractive  power  of  dijdienylhcxatrieuc  is,  however  ...  100*l> 

The  value  for  each  ethenoid  group  should  therefore  be  fsrl  ^~^«  13'^^ 

1218  8 

Ifor  ssch  phsnyl  displidng  hydrogen.  ]     x  ^   2»'88 

1  lei  1  O  Jt 

Similarly^  the  increment  caused  by  the  insertion  of  a  single  ethenoid 
group  between  two  phenyls  may  be  calculated  : 

Molecular  refractive  power  of  hydrogen   2'10 

Increniont  on  di^^plai-iug  twO  hydrogen  atoms  by  two  phenyls, 

Ma-stilbene  -  Ma  etlivlene    54*88 

Increment  on  inserting  oti>^  ethenoid  group  between  two  phenyls, 

M«-8tabene-M,.dipheu)l   1870 

70  68 

The  moleonlar  refnotive  powerof  stilbene  is,  however   65'05 

65  '65 

The  value  for  the  ethenoid  group  should  be  „^  ^^  x  18*70    12*72 

65*65 

For  the  displAoement  of  hydrogen  by  phenyl,  ^^^^  x  27  '44    25  48 

A  similar  correction  may  be  made  when  one  phenyl  is  associated 
with  one  ethenoid  group : 

Ms-hydrog«n   2*10 

Ciiiuamene  -  benzene   lO'O 

Cinnemene  -  ethylene    25*21 


87*81 
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Molecular  refract  ion  of  styrene   35  i*S 

.\  Volae  for  th««thAnoid  group,  ^i||x  10    9*64 

Vtlue  for  Uie  displacemejit  of  hydrogen  by  phenyl.  H'-  x»*2i  ...  84*81 
SmnniariBiiig  these  fesnlte : 

liicremerU  in  molecular  refractive  power  caused  hy  the  displacemeut  of 
a  hydrogen  atom  by  p/ienyl  wfien  U  is  joined  to  : 


{(t)    A  hydrogen  atom    23'88 

{0)    A  saturated  hydrocarbou  radicle   24 '40 

*(e;    An  ethenoid  group   24*81 

{(i)    A  phenyl  group   24*94 

U)    A  cinnamyl  group   25*48 

\f)  A  phenyl  group  m  ooojimetioii  with  three  ethmoid  groups  ...  29*28 

Incremud  ommg  lo  Me  tnlrocfuoftoii  of  an  ethmoid  group,  -Q'Q-y 
the  molecide  between : 

(a)  Two  hydrogen  atoms  „  8  "67 

(b)  Two  ethenoid  groups     9*r>0 

(c)  A  hydrogen  and  a  phenyl  group   .  ...    9*ti4 

(rf)    Two  phenyl  grottpO    „,.„  1272 

(«)   Two  phenyl  grcHtps  where  three  ethenoid  groiipe  are  in  oon* 

junction   13*55 


Both  the  phenyl  radicle  and  the  ethenoid  group  exercise  m  gradnalljr 
inoreasing  influence  on  the  refractive  power,  and  this  increftae  depends 
On  the  number  of  unsaturated  groups  with  which  each  is  associated, 
the  ^n^^"*"*"  effect  being  reached  in  diphenylhexatriene.  The 
oarbon  atoms  in  the  ethenoid  groap  are  more  affected  by  association 
with  unsaturated  groups  than  the  carbon  atoms  of  the  phenyl  nucleus. 
This  ia  shown  both  by  the  high  refraetiye  power  of  hezatriene  as 
oompand  with  benaene,  and  by  the  greater  rate  of  increase  in  the 
ethMurid  as  compared  with  the  phenyl  group. 

As  we  do  not  know  whether  the  atomio  refractive  powers  of  the 
earbon  and  hydrogen  atoms  inorease  in  the  same  proportion,  it  is 
desirable  at  present  to  deal  rather  wilh  groups  of  atoms,  the  effect  of 
which  is  directlj  meaeorable  than  with  the  atomio  refraetive 
powers. 

The  nombere  thus  obtained  are  applicable  only  to  snbetanees  which 
contain  no  other  kind  of  unsaturated  group  in  the  molecule,  the 
presence,  for  instance,  of  a  contiguous  earbonyl  group  causing  a 
readjustment  of  values. 

•  It  will  be  scon  that  the  influence  of  plienyl  on  the  ethenoid  group  is  much  more 
marked  than  is  the  converse  effect.  The  efff-r't  of  a  single  .such  group  di.stri'nitfMl 
orer  a  whole  phenyl  nucleus,  is  probably  so  slight  as  to  be  within  the  limit  of 
experimental  error. 
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ConoltuUnu. 

There  is  apparently  a  dose  paraUeliem  between  the  atomic 
stmcturee  whieh  condition  colour  and  those  prodnoing  inersased 
refractive  power,  for  in  both  cases  the  presence  of  conjoined  nn- 
satarated  groups  appears  to  be  essential.  In  ascending  the  series  of 
hydrocarbooSy  diphenyl,  diphenylethylene,  dipbenjlbuUdienef  and 
diphenylbezatriene,  the  refractive  increment  produced  by  each  phenyl 
and  each  'C^H^*  group  increases  steadily.  Solutions  of  diphenyl- 
butadiene  show  a  blue  fluorescence,  whidi  is  more  marked  in  the 
higher  members  of  the  series,  but  it  is  only  on  reaching  diphenyl- 
hexatriene  that  visible  colour  makes  its  appearance.* 

A  study  of  the  refractive  power  of  these  unsaturated  hydrocarbons 
affords  striking  confirmation  of  the  mutual  influence  of  unsaturated 
groups.  A  method  of  numerical  comparison  of  the  in^uence  exerted 
by  the  different  radicles  appears  to  be  available,  which  shows  that  the 
successive  introductiou  of  oacli  unsaturated  group  into  the  molecule 
inlluences  the  whole  series  of  unsaturated  groups  as  long  as  tiiey  are 
iu  coujuDction  ;  the  refractive  power  of  each  unsaturated  group 
already  present  is  increased  by^  the  introduction  of  the  new  un- 
saturated group. 

The  striking  difference  iu  the  refractive  power  of  hexatriene  and  of 
benzene  itself  (the  loss  of  two  hydrogen  atoms  and  the  closing  of  the 
ring  being  accompanied  by  a  diminution  of  as  much  as  five  units) 
makes  the  effect  on  the  refractive  power  produced  by  the  phenyl 
nucleus  of  special  interest.  Originally,  the  molecular  refractive  power 
of  benzene  was  regarded  as  evidence  that  the  benzene  molecule 
contained  three  ethylene  linkiugs,  since  it  exceeded  the  value  calcu- 
lated for  six  carbon  and  six  hydrogen  atoms  by  three  times  the  value 
assigned  to  one  double  bond  (  Brilhl,  /)er.,  1887,  20,  2288).  According 
to  Thiele's  theory,  the  benzene  molecule  consists  of  three  conjoined 
unsaturated  groups,  which,  since  they  are  joined  in  a  ring,  possess  no 
free  partial  valencieSj  the  structure  being  represented  by  the  formula 

Id  open-chain  compounds,  however,  the  refractive  power  of 

^  ^  groups  in  conjunction  is  higher  than  that  of  a  single  un- 

*  It  ia  iut«reiitiug,  however,  that  the  a^riociatiou  of  two  adjacent  carbouyl  groups 
doM  not  sppieciably  inoraue  the  lefnctivt  index,  sltbougli  it  iianflklMit  to  pradass 
oolonr. 
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saturated  radicle,  and  increases  with  the  number  of  conjoined  groups. 
It  would  be  ttzpected,  therefore,  that  if  this  structure  really  re|ire- 
sented  the  bensene  moleoule^  its  relraetiTe  power  would  be  abnormAUy 
high»  since  the  groups  possess  no  free  partial  valencies,  and  are  more 
compactly  united  than  in  an  open-ehain  stmctttre.  BrUhl  now  regards 
the  phenyl  nucleus  as  existing  in  two  states,  the  **  neutral  conjugated  " 
condition — where  the  unsaturated  groups  do  not  hehave  as  if  tiiey  were 
conjoined — and  the  "active  conjugated  "  oondition — in  which,  assum- 
ing that  the  benzene  molecule  contains  unsaturated  groups,  these 
show  increased  values  similar  to  those  observed  in  open^ihain 
oonjdned  systems  {Ber.,  1907, 40,  878). 

The  assumpUon  that  the  benzene  nucleus  eontains  three  ethylene 
Unkings  has  not  proved  to  be  In  accordance  with  the  evidence  as  to  its 
refractive  power;  any  method  of  calculation  based  oi^  this  assump- 
tion may  tbereiore  be  misleading.  Regarding  tbe  phenyl  nudeus 
as  a  whole,  we  see  that,  whatever  the  change  which  occurs  in 
it  influencing  its  refractive  value,  it  is  a  gradual  cLmge,  very 
slightly  increasing  as  one  unsaturated  group  is  joined  to  it  but 
continuing  to  increase  in  value  as  each  successive  unsaturated  group 
is  associated  with  it.  The  very  gradual  character  of  this  increase 
seems  to  me  to  deter  us  from  regarding  ther  change  produced  as  a 
sudden  change  from  a  oondition  of  neutral  to  one  of  active  conjunction ; 
it  appears  to  be  more  in  accordance  with  a  structure  represented  by 
the  centric  formula,  which  assumes  that  the  arrangement  of  forces 
obtaining  between  the  carbon  atoms  of  the  benaene  nudeus  differs 
from  that  holding  in  opeu-chain  structures,  whether  saturated  or 
unsaturated. 

The  influence  of  the  phenyl  nucleus  on  the  magnetic  rotation  of 

aromatic  compounds  agrees  very  closely  with  that  of  three  ethenoid 

groups  conjoined  in  an  upuii-cliain  structure,  the  increase  in  magnetic 
rotatory  power  produced  by  each  of  these  structures  being  comparable. 
As  far  as  this  property  is  concerned,  the  relations  between  hexatriene 
and  benzene  are  similar  to  those  between  hexane  and  hexamethylene 
(Perkin,  Trans.,  1907,  91,  806).  The  introduction  of  successive  phenyl 
groups  into  an  alkyl  radicle  produces  a  much  more  marked  effect  than 
on  the  refractive  power.  Close  as  is  the  parallelism  generally  holding 
between  the  structures  producing  increments  in  the  atomic  refractive 
and  magnetic  rotation  values  of  the  elements,  the  benzene  nucleus 
furnishes  a  marked  exception.  Whereas,  from  its  magnetic  rotation 
value,  it  appears  to  be  closely  connected  with  an  open -chain  structure, 
containing  throe  contiguous  ethenoid  groups,  its  refractive  power  points 
to  a  degree  of  unsaturation  intermediate  between  that  of  a  fatty 
saturated  compound  and  of  a  hexatriene  structure,  a  result  more 
closely  in  agreement  with  its  chemical  behaviour.   Our  preseui 
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inoompleto  knowledge  4oM  not  enable  vs  to  reconcile  the  conflicting 
aspects,  shown  to  us  bj  its  inflaenee  on  light  absorption,  light 
refraction,  and  magnetic  rotation. 

The  determinations  of  the  refractive  index  were  rnado  at  the 
Alancliester  Municipal  School  of  Technology,  and  I  desire  to  acknowledge 
my  thanks  to  Professor  Pope  for  permisaion  to  use  the  instruments  in 
that  laboratory. 

ViOTOBIA  UiriTiasiTTi 
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XXXVII. — T7ie  Temperatures  of  Spontaneous  Crystal- 
lisation  <^  Mixed  Solutions  and  their  DetermintUion 
6y  ifeafu  of  ike  Index  of  JR^raclian,    Mixtures  of  ^ 
Solutions  of  Sodium  Nitrate  and  Lead  Nitrate. 

By  FLOBSiicJs  Isaac,  Eesearch  fellow  of  Somerville  College. 

EzFEBimiifs  on  the  r^raiCtlTe  indices  of  certain  simple  solutions  of 
salts  in  watsr  (Trans.,  1906,  89,  418)  have  led  to  the  determination 
of  a  " supersolubility  curve"  which  gives  the  temperature  of 
spentaneoos  crystallisation  for  the  various  solutions,  and  therefore 
marks  the  passage  of  a  supersaturated  solution  from  the  metastable 
to  the  labile  condition  if  we  adopt  the  phraseolcgy  of  Ostwald. 

The  object  of  the  present  paper  is  to  investigate  the  refractive 
indices  of  mixed  solutions  of  two  salts  A  and  B  in  water,  and  so  to  i 
determine  the  supersolubility  curves  for  a  mixture  of  three  substances, 
namely,  salt  A,  salt  B,  and  water ;  the  salts  chosen  were  lead  nitrate 
and  sodium  nitrate. 

Two  complete  sets  of  experiments  were  undertaken.  In  the  first 
set  the  proportion  of  lead  nitrate  to  water  was  kept  oonstant,  and  the 
amount  of  sodium  nitrate  varied ;  and  in  the  second  set  the  propor- 
tion of  sodium  nitrate  to  water  was  kept  constant  and  the  amount  of 
lead  nitrate  varied. 

The  method  of  experimenting  wa.s  the  same  as  that  described  in  the 
previous  paper,  which  dealt  with  simple  solutions.  The  hot  mixed  j 
solution  was  placed  in  an  open  trough  beneath  the  inverted  gonio- 
meter described  by  Prof.  Miers  {Phil.  Trans.,  1903,  A,  202,  464),  and  < 
the  refractive  indices  were  determined  from  time  to  time  as  it  cooled 
by  means  of  an  immersed  glass  prism  by  the  method  of  total  internal 
reflection.  The  solutions  were  kept  .stirred  rapidly  by  means  of  a 
platinum  vane  driven  by  an  electric  motor. 
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In  some  of  ihe  experiments  a  new  goniometer  epecMlly  designed  for 
these  experiments  wm  employed.  In  principle  this  iiistmment  much 
resembles  the  one  referred  to  above>  Imt  has  the  following  advantages : 
a  lai^ger  amount  of  eolation  can  be  employed )  greater  aoenraej  of 
measorement  is  possible ;  the  seoond  support  of  the  dtse,  whieh  pre* 
▼ented  the  free  morement  of  the  telesoope  and  its  adjustment  in 
Une  with  the  collimator,  is  done  »way  with  |  and  the  solution  ean  be 
kept  at  a  constant  temperature  for  anj  deeired  period.  The  collimator 
is  fixed  in  the  single  vertical  leg  of  the  instrument,  which  rises  from 
the  base  and  supports  the  horizontal  graduated  disc  of  the  goniometer. 
The  telescope  can  thus  be  moved  almost  completely  round  the  gonio 
meter  axis.  The  prism  holder  is  furnished  with  the  usual  centring 
aiid  adjusting'  sciowa,  and  the  pri.'^m  is  held  by  a  pluliuum  clip. 
Below  the  pribui  holder  and  on  a  table  supported  by  the  base  of  the 
instrument  is  a  large  circular  glass  trough,  which  can  be  raised  or 
lowered  by  means  of  a  rack  and  pinion.  This  trough  contains  tlie 
solution,  the  suspended  pri^m  being  immersed  in  it.  The  front  of  the 
trough  is  a  plane-parallel  glass  plate,  held  in  position  by  clips,  and 
the  tible  which  carries  the  trough  is  furnished  with  levelling  screws 
BO  that  it  can  be  adjusted  and  the  glass  front  set  perpendicular  to  the 
telescope  axis. 

A  circular  metal  tube  provided  with  holes  on  the  inner  side  tits 
over  the  upper  rim  of  this  trough  :  hot  or  cold  water  may  be  passed 
through  this  tube,  and,  issin'ng  from  the  holes,  streams  over  the  outer 
surface  of  the  trough  and  is  carried  away  through  an  aperture  in  the 
table.  The  solution  can  thus  be  maintained  at  a  constant  tempera^ 
ture. 

The  cap.acity  of  the  trough  is  325  c.c,  so  that  much  larger  quanti- 
ties of  solution  can  be  examined  than  was  possible  witli  the  gonio- 
meter previously  used.  The  solutions  were  thoroughly  stirred  by 
means  of  a  gla^s  plunger  bent  in  the  shape  of  a  horse-shoe  with  its  open 
end  opposite  to  the  plane  glass  front;  and  an  up-and-down  movement 
is  given  to  the  stirrer  by  mean^  of  a  crank  clamped  to  the  log  of  the 
goniometer  and  driven  by  a  small  electric  motor.  The  graduated  circle 
divided  to  10"  is  read  by  means  of  two  attached  verniers  and  small 

First    Set  qf  £xp&rijn9n'.ii.    iSoluiions  containing  Excess  of  Sodiuni 
Aiirah  in  %ohieh  i/t4  Vro^iion  of  Lead  AiirciU  to  Water  wan  3  : 10. 

The  amount  of  sodium  nitrate  varied  from  42  to  49*5  per  cent,  of 
Ihe  whole  solution. 

The  solutions  were  placed  in  the  goniometer  trough  at  about  60^  or 
70°»  and  the  change  in  the  refractive  index  was  traced  until  the 
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temperature  had  fallen  to  18°  or  15°.  Throughout  this  set  of 
twenty-two  experiments,  sodium  nitrate  alone  crystallised  out  of  the 
solutions. 

The  results  of  some  of  these  experiments  are  shown  in  Fig.  1, 
on  which  are  plotted  the  variations  of  refraotiire  index  with  eon- 
centration  and  temperature.  The  first  eleven  of  this  experiments  were 
oarried  out  in  an  open  trough,  so  that  evaporation  from  the  surface  of 
the  liquid  was  not  prevented.  The  concentration  of  the  solutions  must, 
from  this  cause,  have  increased  slightly  throughout  these  experiments. 
In  the  remaining  eleven  experiments  the  solutions  were  also  introduced 
into  the  trough  at  about  6<P  or  but  were  immediately  covered 
with  a  layer  of  olive  oil  at  the  same  temperature.  This  layer  prevented 
evaporation,  and  in  these  eleven  experiments,  therefore,  the 
concentration  was  constaiit  until  crystals  began  to  appear  in  the 
trough. 

From  these  last  experiments  curves  of  constant  refractive  index 
were  plotted  on  a  concentration-temperatore  diagram.  The  curves  i 
were  found  to  be  approximately  straight  lines  parallel  to  each  other, 
and  inclined  at  an  angle  of  46^  41'  to  the  temperature  axis  for  the  scale 
chosen,  on  which  1  per  cent,  of  sodium  nitrate  corresponds  with  6^ 
Tkme  constant  index  lines  are  shown  in  Fig.  1,  and  if  a  line  be  drawn 
at  right  angles  to  them  inclined  at  an  angle  of  43°  19'  to  the  tempera- 
ture axis,  equal  lengths  measured  along  this  line  correspond  with  equal 
changes  in  refractive  index. 

It  is  therefore  possible  to  indicjite  the  changes  in  the  refractivo 
indices  of  the  solutions  as  they  cool,  by  dibtance.s  measured  along  such 
a  line,  in  the  same  way  that  changes  of  temperature  are  mciibured  along 
the  horizontal  axis.  The  curves  in  Fig.  1  showing  the  behaviour  of 
the  mixed  solutions  are  all  plotted  from  the  refractive  indices  measured 
along  tins  line,  and  from  the  temperature  measured  along  the  hori- 
zontal axis.  Tho  i^rdiuates  give  the  conceiitratiooa  of  the  solutions  at 
any  temperature. 

D$»eripium  of  Curv6$  in  Fig,  1. 

It  will  be  seen  from  Fig.  1  that  in  general  the  index  of  the  solu- 
tions rises  at  tirst  fairly  rapidly  as  the  tuinperature  falls.  There  is 
sometimes  a  slight  deprossiou  m  the  curves  as  they  cross  the  solu-  I 
bility  curve  iS,  after  which  the  concentration,  falls  a  little.  The 
refractive  index,  however,  continues  to  rise  until  it  roaches  a  maxiuium 
value,  after  which  it  suddenly  begins  to  fall  again,  slowly  at  drst 
and  then  rapidly,  owing  to  the  weakening  of  the  solution  when 
spontaneous  crystallisation  sets  in,  until  the  curves  ultimately  approxi- 
mate to  the  solubility  curve  6'. 
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As  with  the  simple  solutions  already  examined,  it  will  be  seen  from 
Fig.  1  that  at  the  points  where  the  solutions  attain  their  highest 
refraotiye  indices  all  the  curves  approximately  touch  a  oonttnnoas 
oorre.  This  curve,  T,  is  the  snpersolubility  curve  for  the  set  of 
mixtures  containing  from  42  to  49*5  per  cent,  of  sodium  nitrate  in  a 


Fio.  1. 


Temperature. 


solution  of  lead  nitrate  and  water,  the  proportion  of  lead  nitrate  to 
water  being  3  : 10. 

Between  20**  and  40®  the  snpersolubility  curve  is  approximately  a 
straight  line»  but  above  40®  it  bends  towards  the  solubility  curve  S, 
and  indicates  that  the  metastable  region  for  the  stronger  solutions 
becomes  rapidly  narrower  at  higher  temperatures. 
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BeliaviouT  of  Mixsd  Solutions  compared  wiUi  t/uit  of  SivipU  Solutions. 

TIm  resoltt  obtained  from  the  •zperimtnto  with  mixed  eolntioni  as 
thef  cool  reaembb  thoee  obtuned  from  simple  flolntiooi.  The 
xefraetive  index  xius  to  a  maximum.  As  soon  as,  or  very  shortly 
after,  tiie  maximum  index  is  reaohed,  a  dense  shower  of  sodinm 
nitrate  crystalB  appears  thronghoat  the  solution,  rendering  it  almost 
opaque. 

The  behaviour  of  these  mixtures  only  differs  from  that  of  simple 
solutions  in  that  for  the  more  eonoentvated  mixtures  of  this  series, 
that  is,  thoee  containing  from  45  to  49*6  per  ooit.  of  sodium  nitrate, 
when  stirred  in  an  open  Tessel,  a  very  fine  shower  of  sodium  nitrate 
crystals  appears  suddenly  in  the  solution  in  the  metastable  region 
before  the  maximum  index  is  reached,  in  addition  to  the  dense 
shower  of  crystals  which  appears  at  the  mazimum  point  and  the  few 
isolated  crystals  which  appear  at  or  about  the  temperutuic  of 
saturation. 

Also,  after  the  maximum  ludex  is  attained,  the  fail  is  continuous 
until  a  certain  temperature,  after  which  the  change  of  index  is  some- 
times oscillatory.  The  index  then  usually  remains  approximately  con- 
stant for  some  time,  and  finally  rises  again  slightly.  This  behaviour  is 
well  shown  in  experiments  1,  2,  5,  8,  9  (compare  Fig.  2). 

The  following  are  the  tabulated  results  for  the  set  of  experiments 
described  above. 

Expt.  1.— Composition  :  NaNOg  =  49  505,  Pb(NO,).,  =  11-653, 
H20  =  38*842  per  cent.  This  solution  was  examined  in  the  trough  of 
the  new  goniometer.  Tlie  trough  was  heated  to  50^  before  introducing 
the  solution,  which  was  then  covered  with  a  layer  of  warm  olive  oil. 
The  index  rose  from  1-405342  at  73-5^  to  1-409956  at  51-4°,  and  fell 
from  this  value  to  1'408258  at  43*8^^;  it  then  oscillated,  rising  and 
falling  slightly  as  the  temperature  fell  steadily  until  it  reached 
1-40743  at  31".  From  this  value  it  rose  airain  to  1-40R462  at  22  2°, 
anil  then  fell  to  I '407954  at  18°.  A  slight  shower  of  crystals 
occuj-red  at  58°,  and  a  dense  shower  at  51 '1°. 

The  changes  of  index  in  this  experiment  ai-e  completely  shown  in 
Fig.  2. 

Expt.  2.— Composition  :  NaNOg  -  I9  (»20.  Pb(N0,)2  =  1 1  -765,  U.O  = 
39*215  per  cent.  This  solution  was  oxiiuiiued  in  the  trough  of  the  new 
goniometer,  the  solution  was  covered  with  a  layer  of  warm  olive  oil, 
and  the  temperature  kept  from  falling  too  rapidly  at  first  by  passing 
warm  water  over  the  sides  of  the  trough.  Tho  index  rose  from 
1-40U;U  at  74^  to  1-409989  at  51°,  and  fell  from  this  value  to 
1*408632  at  i6*d'.    A«  the  temperature  fell  stUl  furtberythe  index 
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rose  and  fell  in  sn  oscillatory  manner  and  tinally  reached  1  406902  at 
18°.  Crystals  appeared  at  56%  and  a  dense  i<hower  occurred  at  51*^. 
The  solution  was  clear  again  »fe  46 '5°,  and  another  opaqiM  «howdr 
ocourred  suddenly  at  38% 

Eipt  a.--OoinpoAitioa :  NaNO,-48-515,Pb(NOg),-ll-881,HtO- 


Fio.  2. 


Temperature. 


30-604  per  cent.  This  solution  was  covered  with  a  layer  of  warm 
olive  oil,  and  wafi  examined  in  the  trough  of  the  new  goniometer^  whidk 

waK  heat«d  bet  ore  introducing  the  solution.  The  index  rose  from 
1-403740  at  73'  to  1-400279  at  46%  and  fell  from  this  value  to 
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1*406326  at  30* 5^  It  then  rose  again,  reaching  l*i07649  at  25°  and 
finally  fell  to  1*407346  at  17-5°  A  fine  ehower  occurred  at  56°  on 
the  upward  branch  of  the  index-temperature  curve,  aod  beeame  moch 
denser  at  49°.    An  opaque  shower  occurred  at  36°. 

Expt  4 —Composition  :  NaNO,- 48-013,.  Pb(NO,),=  12-006, 
H20  =  39*981  per  cent.  This  solution  was  covered  with  warm  oil. 
The  index  rose  from  1-4051 71  at  65°  to  1*410460  at  42*5°  and  then 
fell.    OrystaU  appeared  at  60°,  and  a  dense  shower  occurred  at  42*5°. 

Expt.  5.-~Oonipo8ition :  NaN05-47-981,  Pb(N08)2=  12037, 
H^aSO-982  per  cent.  The  index  rose  from  1  408021  at  61°  to 
1*411268  at  48^  and  then  fell  suddenly  to  1*409242  at  41°.  The 
index  eontinoed  to  fall  as  the  temperature  was  lowered,  but  in  an 
.  oscillatory  mft""^** ;  it  rose  a  little  at  about  20°  and  then  fell  again. 
Ciystals  appeared  at  66°  and  fell  to  the  bottom  immediately.  A  fine 
shower  of  sodium  nitrate  crystsls  appeared  at  68°,  and  a  dense  shoirer 
at  42°,  rendering  the  solution  opaque. 

Bxpt.  6.~0omposition :  NaNO,»  47*996,  Pb(NOs),»12  009,HsO- 
39*996  psr  oent.  The  index  rose  from  1-406496  at  63°  to  1*410562 
at  40*5°,  and  fell  from  this  value  to  1*408826  at  82°.  The  index  then 
rose  from  this  to  1*408785  at  26°,  after  which  it  began  to  fall  agsin 
at  lower  temperatures.  Crystals  appeared  floating  on  the  surfaoe  at 
68°;  a  fine  shower  occurred  at  49°  on  the  upward  branch  of  the 
refractive  index-temperature  curve,  and  a  very  dense  shower  fell  at  10° 
after  the  maximum  index  was  reached. 

Expt  7.--Composition:  KaNO,- 46*965,  Pb(NO,),- 12*248, 
Hj|0«  40*787  per  cent.  This  solution  was  covered  with  warm  oil. 
The  index  rose  from  1*403031  at  70°  to  1-410766  at  38°.  Crystals 
appeared  at  45°,  and  a  dense  shower  occurred  at  86°. 

Bxpt. 8.— Composition :  NaNO,-46*950,  Th{^0^)^  =  12*244,  H^O- 
40*806  per  cent.  The  index  rose  from  1*406598  at  56*5°  to  1*410460  at 
37°.  It  fell  rather  suddenly  from  this  value  to  1*408785  ati  33°,  and 
continued  to  fall  much  more  slowly  until  the  temperature  reached  25°. 
Tbft  index  tlien  remained  constant  for  some  time,  after  which  it  began 
to  rise  slowly.  Crystals  appeared  at  56°,  and  a  fine  Bh6wer  occurred  at 
44°  on  the  upward  branch  of  the  index-temperature  curve.  A  dense 
shower  occurred  at  85°. 

Expt.  9.— Composition :  NaNOg- 46-940,  Pb(N03).  =  12  263,  HgO^ 
40*797  per  cent.  The  index  rose  from  1-406090  at  58  to  1-410310 
at  39°.  It  then  fell  suddenly  from  this  value  to  1  108275  at  36° 
The  index  then  remained  approximately  con-^tant  until  the  temperature 
reached  26°  where  the  index  was  ]•  1081 20.  C'rystals  appeared  at  58°, 
and  a  fine  shower  occurred  at  11)  .  Tliis  line  shower  eontiuued  until 
the  temperature  was  39 ',  when  a  ma thic'cer  shower  fell  rapidly, 
reuUeriog  the  ^solution  opaque. 
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Expt.  10.— Composition :  NaNOg  =  47  U7,  PbCNOg),- 12•198,H2O- 
40•655  per  cent.  The  index  rose  from  1-404967  at  64°  to  1-410460  at 
40°.  It  then  fell  gradually  to  1  409346  at  34°,  and  then  more  suddenly 
to  1*408022  at  33'^.  After  thin  the  index  remained  veiy^qptoximately 
constant  until  the  temperature  fell  to  17°.  Grystals  appeared  at  60° 
and  a  fine  shower  occurred  at  41°.  This  shower  continued  until  the 
temperature  was  34°,  when  a  dense  shower  of  crystals  caused  the 
solution  to  become  Opaque. 

Expt.  11.— Composition :  NaN03  =  46-145,  PblNOg).^  =  12  436, 11,0  = 
41-419  percent.  The  index  rose  from  1-406394  at  56°  to  1-410562 
at  35°,  and  then  fell  suddenly  to  1*408327  at  30^.  The  index  remained 
constant  at  thi<^  value  until  the  temperature  fell  to  20°,  and  then  rose 
to  1*408530  at  14°  Crystals  appeared  at  54°  and  a  fine  shower 
occurred  at  47°.    A  dense  shower  fell  at  32"". 

Expt.  12.— Composition  :  NaNOj«45*833,  Pb(NO,),«  12*611, 
H20  =  41*656  per  cent.  This  solution  was  covered  with  warm  oil. 
The  index  rose  from  1 -403337  at  64°  to  1-410009  at  33°,  and  fell  fiom 
this  value  to  1*408123  at  27°.  The  index  then  remained  constant 
until  the  temperature  reached  18°.  Crystals  appeared  at  33°,  and  a 
dense  shower  of  crystals  fell  at  32*8®.  At  31*6°  the  solution  was 
almost  vlear  again. 

Expt.  13.— Composition :  NaNO, = 45*149,  Vh(lSO^\ = 12*706,  H,0  - 
42*146  per  cent.  The  index  of  this  solution  rose  from  1*403236  at  62®  to 
1*410212  at  32®,  and  then  fell  suddenly  from  thisvalue to  1*40741  lat29®. 
It  then  fell  very  gradually  to  1*407310  at  26®,  and  from  this  tempera- 
ture it  rose  again  to  1*408226  at  15**.  Crystals  appeared  at  46®.  A 
very  fine  shower  occurred  at  41®,  and  a  very  dense  shower  at  30®, 
causing  the  solution  to  become  quite  opaque  with  a  rise  of  temperature 
of  0*5®, 

Expt.  14.— Composition :  NaNO,-44*900,  Pb(NO,),»  12*712, 
U|0->  42*388  per  cent.  This  solution  was  covered  with  a  layer  of 
warm  oil.  The  index  rose  from  1*403133  at  61®  to  1*410611  at  29®, 
and  then  fell  from  this  value  to  1*407616  at  22?.  Thesolution  was  not 
cooled  below  22®.  Crystals  appeared  at  38^,  and  a  dense  shower 
ooeuned^at  26®. 

Expt.  16.— Oomposilaon :  NaNO,  =  44*484,  Pb(NO,),- 12*811, 
H^O«i  42*706  per  cent.  This  mixture  was  examined  in  the  trough 
of  the  new  goniometer.  The  trough  was  heated  to  60^  before 
introducing  the  solution,  which  was  then  covered  with  a  layer  of 
warm  olivo  oU.  Tlie  index  rose  frcnn  1*401403  at  66*7®  to 
1*410227  at  30°,  and  feU  from  this  value  to  1*408021  at  21*6®.  A 
shower  of  crystals  occurred  at  SO®. 

Espt.  16.— Composition  :  NaNO.^ «  44-460,  Pb(N'03)j  =  12*822, 
Hp«42-718  per  cent.    The  index  rose  froai  1-402725  at    64®  to 
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l'il0562  at  31-5=,  and  then  fell  from  thin  value  to  1-408225  at 
22°.  The  index  then  itumincd  constant  until  the  temperature 
reached  18°.  Crystals  appeared  at  45°,  and  a  dense  shower  occurred 
suddenly  at  31*». 

Expfc.  17.— Composition  :  NaNOg  =» 43-630,  P^NO^),-  13  021, 
HgO  - 43-349  per  cent.  The  index  rose  from  1-401507  at  60°  to 
1-409142  at  27°.  It  then  fell  suddenly  from  this  value  to  1-407513 
at  26°.  The  index  afterwards  rose  slightly  and  then  fell  again 
very  gradually.  Crystals  first  appeared  at  38®,  a  very  fine  shower 
occurred  at  35°,  aud  a  dense  shower  at  26°,  causing  the  tempecature 
to  rise  0-3°. 

E.vpt.  18.— Composition  :  NaN03  =  43-479,  PbCNO,),,  =  13-055, 
11.^0  =  43-466  per  cent.  This  solutioa  was  covered  with  a  layer  of 
warm  oil.  The  index  rose  from  1401201  at  61^  to  1-409754  at  26° 
and  then  fell  suddenly  to  1-408123  at  24-5°.  It  then  rose  slowly, 
reaching  1  408429  at  17°.  Crystals  first  appeared  at  31°  and  a 
dense  showar  occurred  at  24'5°»  causing  the  tempecature  to 
rise  0  3^. 

Kxpt.  19.— Composition  :  NaNO,  =  43-470,  Pb(N'03)2«  13-052, 
1120  =  43-478  per  cent.  The  index  rose  from  1-401608  at  63°  to 
1-410460  at  26°,  and  fell  from  this  value  to  1-408022  at  19-5°.  It 
then  rose  again  to  1*408430  at  17°.  Crystals  i^peared  at  35°,  and 
*  dense  shower  fell  at  25°,  cansing  the  eolation  to  lise  V*  in 
temj>©rature. 

Expt.  20.— Oompodtion :  KaNOg-42*601,  P^NOs)^^  13-253, 
HjO- 44  146  per  cent.  The  index  rose  from  1-401405  at  59°  to 
1-409855  at  24'*,  and  fell  from  this  value  to  1-408123  at  2 18^ 
Crystals  first  appeared  floating  on  the  surface  at  33°,  and  a  shower  oi 
crystals  occurred  at  23*6°,  fine  at  firsts  but  becoming  opaqae  after  fiw 
minutes. 

Expt.  21.-^inpo8ition :  NaNOg-42-238,  Pb(NO,)j«  13*347, 
H^O^  44-415  per  cent.  The  index  rose  from  1*399147  at  65°  to 
1*409660  at  20*6%  and  fell  from  thiH  value  to  1*406800  at  12°.  This 
mixtare  was  ooyered  with  a  layer  of  warm  oil.  A  minute  oryetal 
appeared  at  23^.  A  shower  occurred  at  19*4**  which  became  aomewluht 
denee  in  time.  At  19*2^  the  eolation  was  clear. 

Expt  22.— Oompoettton:  KaNOg-42*2U,  Pb(NO,),»  13*373, 
H/>«  44-416  per  cent.  The  index  roee  from  1*401811  «t  64*="  to 
1*409042  at  23%  and  fell  from  this  valoe  to  1*408878  at  19*26%  The 
index  then  remained  approximately  constant  tintii  the  tenqpecatuin 
reached  16%  Orystals  first  appeared  et  30^,  |A  ^ne  shower  occurred 
at  26%  and  a  dense  abowerlat  20% 
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SsBgmimmtB  with  Staled  Tubet, 

An  attempt  was  made  to  verify  the  supersolubility  curve  7" obtained 
from  the  refractive  indices  by  the  independent  aiethod  whieb  ima 
employed  with  simple  solutions. 

Solutions  containing  sodium  nitratei  lead  nitrate,  and  water  were 
enclosed  in  sealed  test-tubes.  The  proportion  of  lead  nitrate  to  water 
was  3  : 10,  whilst  the  amount  of  sodium  nitrate  varied  from  43*18  to 
49  81  parts  to  100  parts  of  solution. 

The  tubes  were  immersed  in  boiling  water  and  shaken  vigoroosly  by 
hand  from  time  to  time  until  all  the  erystals  were  dissolved ;  they  were 
then  laid  in  a  horiiontal  position  on  a  rooker  immersed  in  a  hot>water 
bath,  and  shaken  backwards  and  forwards  on  it  by  means  of  an 
electrio  motor. 

The  temperatnre  at  which  crystals  appeared  in  the  tubes  may  be 
the  temperature  of  spontaneous  crystallisation  or  some  lower 
temperature. 

These  solutions  did  not»  on  the  whole*  gire  such  consistent  tesults 
as  did  the  simple  solutionsy  as  will  be  seen  from  the  following 
experiments: 

Ezpt.  23.-<Compo8ition :  Pb(N03),»  12875,  NaNO.**  43182, 
HjO-*  43*943  per  cent.  This  tube  was  boiled  in  water  to  dissolve 
all  the  crystals,  and  then  shaken  in  the  water-bath.  It  was  cooled  to 
13^  withpnt  formation  of  crystals.  It  will  be  seen  from  Fig.  1, 
obtained  from  the  refraotive  indices  of  the  solutions,  that  the  solution 
in  this  tube  should  have  crystallised  spontaneously  at  23**.  The 
solution  was  somewhat  viscous.  The  next  morning  a  large  sodium 
nitrate  crystal  had  appeared  in  the  tube,  the  temperature  of  which 
had  not  fallen  below  1$^. 

Expt.  24.— Composition :  Pb(NOs)2-12-«75,  NaN03  =  43777, 
HjO  =  43  248  per  cent.  This  tube  should  have  crystallised  at  25® 
according  to  Fig.  1.  It  was  boiled  for  eighteen  boi^iis  to  dissolve  the 
crystals,  but  when  shaken  in  tlio  hot-water  bath  tht!  solulion  did  not 
iarystallise  until  the  tempei  aturo  reached  2  I 

Expt.  25.— Composition  :  Pl.lNOa).^  =  1 2-777,  NaN03  =  44-634, 
H.,0  =  42-589  per  cent.  From  Fig.  1  the  temporatuio  of  nponta- 
neou-s  ciystallisation  for  this  tube  should  be  20-2^.  Crystals  appeared 
in  the  tube  at  29  5°  In  this  case  the  tube  was  boiled  for  one  hour 
only  to  dissolve  the  crystals. 

Expt.  26.-Ooraposition  :  P^NOg)^  =  12  044,  NaNOg  =  451 1 3, 
HjO  =  4l  943  percent.  From  Fig.  I  the  teraperaturo  of  >>pontanooud 
crystallisation  for  this  tube  is  31-5^  The  tube  vras  boiled  for 
one  hour  to  di«eoiTe  the  cr^&tftbi  and,  wi>en  cooled  in  the  water- bath, 
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it  yielded  crystals  in  a  shower  at  31°.  When  this  tube  was  heated 
in  boilinrf  water  for  eighteen  hours,  the  shower  of  crystals  did  not 
occur  until  the  temperature  fell  to  29°.  The  solution  also  crystallised 
at  28  5°,  after  being  heated  in  boiling  water  for  a  whole  night. 

Expt.  27.— Composition :  Pb(N03)2  =  1 2454,  NaNOg  =  46*030, 
H20  =  41*516  per  cent.  From  Fig.  1  the  temperature  of  spontaneous 
crystallisation  for  this  solution  is  35°.  When  the  tube  was  boiled 
in  water  tor  one  hour,  and  then  cooled  in  a  hot- water  bath  and 
shaken  continually,  crystals  first  appeared  at  34*8°  When,  howeven 
the  tube  was  left  in  boiling  water  for  a  whole  ni^^ht  and  then  cooled» 
spontaneous  crystallisation  did  not  occur  until  29°. 

Expt.  28.— Composition :  Pb(NOa),  -  12-60,  NaNO,  -  47  28, 
H)0«  40*22  per  cent.  From  Fig.  1  the  temperature  of  spontaneous 
crystallisation  for  this  solution  is  41*5*'.  The  tube  was  boiled  for 
one  hour,  and  then  shaken  continually  while  cooling  in  the  water- 
bath.   Crystals  appeared  in  a  shower  at  4P. 

Expt.  29.— Composition :  Pb(KOs),  -  11*811,  NaNO,  -  48-820, 
H^0»  39*369  per  cent.  From  Fig.  1  Uie  temperature  of  spontaneous 
crystallisation  for  this  solution  is  50*5^  When  the  tube  was  boiled 
in  water  for  a  few  hours,  then  cooled  in  a  hot-water  bath  and 
shaken  continually  by  hand,  crystals  first  appeared  at  61**.  When  the 
tube  was  boiled  for  a  whole  night,  spontaneous  crystallisation  did  not 
occur  until  49*6^.   This  tube  contained  angular  fragments  of  glass. 

Expt.  30.--Compo6ition :  Fb(N03)2  =*  11*642,  NaNO,  -  49*552, 
H,0» 88*806  percent.  From  Fig.  1  the  temperature  of  spontaneous 
crystallisation  for  this  solution  is  54*5^  When  the  tube  was  boiled 
for  a  few  hours  and  then  allowed  to  cool  in  a  water-bath  while  it 
was  rocked  by  means  of  an  eleotno  motor,  crystals  first  appeared  at 
54^.  When  boiled  for  a  longer  period,  crystals  did  not  appear  until 
51*5^.    This  tube  also  contained  angular  glass  fragments. 

Expt.  31.— Composition  :  Pb(N08)2  =  11-683,  NaNO,  =  49-810, 
1I20  =  38*607  per  cent.  This  tube  was  boiled  for  several  hours  and 
then  shaken  continually  while  it  was  allowed  to  cool  in  a  hot-water 
bath.  Crystals  appeared  spontaneously  at  56*5°.  None  of  the  experi- 
ments in  the  open  troupjh  has  hvan  made  with  solutions  containing 
so  large  a  quantity  of  sodium  nitrate,  but  it  will  be  seen  from  Fig.  1 
that  this  experiment  gives  a  point  on  the  continuation  of  the  super- 
solubility  curve  already  obtained.  This  tube  also  contained  angular 
glass  fragments. 

It  appears  from  these  experiments  lliat  the  solutions  crystallise  very 
approximately  on  the  supersolubility  curve  as  determined  from  the 
refract! v<»  index  jnovidod  they  are  not  boiled  for  more  than  a  few  hours 
before  they  are  allowed  to  cool.  The  crystals  in  all  the  tubes  appei\ red 
to  be  completely  dissolved  in  this  time,  and  the  tubes  were  always 
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shaken  vigorously  by  hand  to  aid  the  process.  If,  however,  the  tubes 
were  boiled  for  a  longer  periodt  such  as  from  eighteen  to  thirty  hoars, 
the  eolations  did  not  crystallise  at  temperaturee  corresponding  with 
the  supersolubility  eurve.  Mere  shakiog  was  not  enough  to  cause 
them  to  crystallise,  and  they  passed  into  the  labile  state  and  became 
▼ery  viscous  before  the  shower  of  crystals  appeared.  The  tubes  con- 
taining the  larger  amounts  of  sodium  nitrate  crystallise  spontaneously 
at  temperatures  which  show  that  the  supersolubility  curve  changes  tt-s 
direction  above  40°  and  bends  towards  the  solubility  curve.  This 
agrees  with  the  experiments  on  the  refractive  indice.s  of  the  solu- 
tions. It  was  noticed  that  iti  the  tubes  of  this  set  containing  the 
larger  amounts  of  sodium  nitrate,  the  crystals  which  Hrst  made  their 
appearance  were  very  few  and  grew  slowly.  Alter  the  tempera- 
ture iiad  fallen  considerably,  however,  an  opaque  shower  of  crybtaLs 
appeared  in  the  tubes.  This  behaviour  appears  to  correspond  with 
the  second  opaque  showers  already  observed  in  the  experiments  on 
the  refractive  indices  of  some  of  the  stronger  solutions  made  in  the 
trough  of  the  goniometer. 

TU  £fiet  of  Rapid  Cooling, 

Expt.  32. — By  means  of  the  new  goniometer,  it  was  possible  to 

investigate  the  effect  of  rapidly  cooling  the  solutions.  Cold  water  was 
passed  over  the  sides  of  the  trough  containing  the  warm  solution, 
while  the  changes  in  its  index  were  watched. 

A  solution  of  sodium  nitrate  in  a  3  :  10  .sohition  of  Icid  nitrate  and 
water  was  heated  and  poured  into  the  trough  ai  about  70'\  The 
composition  of  the  solution  was  NaNOg  =^  45  833,  Pb(NOg)^,  -  r2'500, 
H.^O  =  41*666  per  cent.  Tt  was  covered  with  a  layer  of  warm  oil,  and 
then  rapidly  cooled  and  stirred  continually. 

The  index  rose  from  1-401808  at  70^  to  1-411268  at  24-5^  and  then 
fell  from  tliis  vahie  to  1-4061)09  at  13'8^.  Crystal;?  appeared  in  the 
trough  at  about  40  ,  and  a  shower  took  place  at  24-5"'.  A 
further  opaque  shower  of  crystals  occurred  at  20*5%  raising  the 
temperature  to  21". 

The  solution  cooled  from  70"^  to  20^  in  seventeen  minutes,  and  from 
20^  to  in  twenty-six  minutes.^ 

If  the  solution  had  been  allowed  to  cool  gradually  under  the  same 
contlitioiis,  crystals  would  probably  have  hrst  appeared  in  the  trough  at 
about  43',  the  temperature  of  saturation,  and  the  index  would  have 
reached  a  maximum  of  about  1*410  at  33",  and  then  have  decreased 
again  as  in  experiment  12,  in  which  the  solutioa  had  approximately  the 
■ame  eonstitution.  The  rapid  cooling  therefore  causes  the  solution 
to  pass  into  the  labile  stat^  as  may  be  seen  from  Fig.  I. 
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Expt.  33* — ^Iii  a  seoond  ezperiinent*  the  solution  was  also  cooled 
rapidly  in  the  same  manner* 

The  oompodtion  of  the  eolntion  was  NaNO^^  43*478,  Pb(N0,)2:«  ' 
13'04iy  H,0  a  43-478  per  cent.,  the  proportion  of  lead  nitrate  to  water 

being  3  : 10,  as  before.     The  solution  was  poured  into  the  trough  at 

about  70'  and  iniijiciliatoly  covered  witli  a  liyer  of  warm  oil.  It  was 
then  cooled  rapidly  by  passing  cold  water  over  the  sides  of  the  trough. 
The  index  rose  from  1101709  at  Gl  to  1411302  at  17-5°  and  then 
fell  from  this  value  to  1  408055  at  14'2°.  The  cooling  was  effected  in 
about  half  au  hour.  Crystjils  first  appeared  at  35'^,  and  a  slight 
shower  of  crystals  occurred  at  17  0^.  At  15^  an  opaque  shower 
occurred,  causing  the  temperature  to  rise  to  lb  <j\  If  allowed  to  cool 
gradually,  crystals  would  probably  have  appeared  in  this  solution  at 
about  31°,  and  the  index  would  have  reached  a  maximum  of  about 
1*4097  at  25°.  In  this  experiment  also,  therefore,  the  rapid  cooling 
causes  the  solution  to  pass  far  into  the  labile  state,  and  to  give  a 
maximum  index  distinctly  greater  than  that  which  would  have  been 
attained  had  the  solution  been  cooled  gradually. 

The  Effect  of  Prolonged  HwHng, 

Expts.  34  and  35.— Tn  the  following  experiments  the  solution.^  were 
heated  and  placed  in  the  goniometer  trough,  which  had  been  previously 
heated  to  about  50'  by  passing  hot  water  over  the  hides  of  the  trough. 
The  solution  was  immediately  covered  with  a  layer  of  warm  olive  oil, 
and  hot  water  was  continually  passed  over  the  sides  of  the  trough  to 
delay  the  rate  of  cooling.  The  composition  of  the  solution  treated  in 
this  manner  was  NaNUj^ 43  478,  rb(NOy), - 13  044,  HjO  =  43-478 
per  cent.,  the  proportion  of  water  to  loai  nitrate  being  10:3,  as  in  the 
preceding  oxperiments. 

The  solution  was  placed  in  the  trough  at  70°  and  cooled  graduallyi 
the  temperature  of  the  hot  water  passing  over  the  sides  of  the  trough 
being  about  50°. 

The  index  roae  from  1-399844  at  70'  to  1-404610  at  50°,  somewhat 
rapidly  at  lirst  and  then  very  slowly*  It  remained  approximately 
constant  at  this  temperature  for  three-quarters  of  an  hour,  no  crystals 
appearing  in  the  trough  during  this  time*  Comparison  with  Fig.  1 
shows  the  solution  to  be  unsaturated  at  this  temperature.  The 
temperature  of  the  water  passing  oyer  the  sidee  of  the  trough  was  then 
lowered  to  about  30°,  when  the  index  began  to  rise  again  from  1  '404610 
at  60"  to  1-409262  at  28*2^  and  remained  very  approximately 
constant  at  this  temperature  for  three-quarters  of  an  hour.  It  may  be 
seen  from  the  diagram  that  the  solution  is  now  in  the  metastable 
state.  Crystals  appeared  in  the  trough  at  33"  just  after  the  solubility 
curve  S  was  crossed.   The  stream  of  water  over  the  sides  of  the 
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trough  was  then  stopped,  and  the  solution  was  allowed  to  cool 
natui-ally,  the  index  rising  from  1-409262  at  28*2°  to  1'409873  at  24% 
where  it  just  touched  the  supersolubility  curve,  and  then  falling  from 
this  value  to  1 '408309  at  21°.  An  opaque  shower  of  crystals  occurred 
in  the  trough  at  22°.  Therefore,  beyond  causing  slight  irregularities  in 
the  index-temperature  curve  at  50°  and  28*2°,  the  prolonged  heating 
of  the  solu  ion  at  these  temperatures  produces  no  effect,  and  the 
results  of  this  experiment,  if  plotted  on  Fig.  1,  will  not  differ  from 
any  of  the  preceding  experiments  in  general  character. 

In  another  experiment  the  temperature  of  the  solution  was  again 
kept  from  falling  for  a  considerable  time,  but  the  general  result  was  the 
same  as  before,  the  index  rising,  with  slight  irregularities,  until 
the  supersolubility  curve  was  reached,  and  then  falling  again. 


^fiU  qf  iiUr<odwfmg  a  Man  qf  CrjfHaU  tnfo  ojuH  sakaratad  Soltiiion, 

Expt.  30.-  -In  the  following  experiment  a  solution  containing  45  per 
V  cent,  of  sodium  nitrate  and  55  per  cent,  of  a  3  : 10  lead  nitrate  solution 
in  water  was  heated  to  70**,  placed  in  the  warm  trough  of  the  goniometer, 
and  immediately  covered  with  a  layer  of  warm  olive  oil.  It  waa  btirred 
vigorously.  This  solution  is  just  saturated  with  respect  to  sodium 
nitrate  at  about  41'5°,  and  its  index  was  observed  to  rise  from  1  "402231 
at  68°  to  1 '408513  at  4P,  no  crystals  having  yet  appeared  in  the 
trough.  At  40°  a  quantity  of  sodium  nitrate  crystals  warmed  to  40*^ 
was  suddenly  introduced  into  the  saturated  solution,  bringing  the 
percentage  of  sodium  nitrate  up  to  49.  The  introduction  of  these 
crystals  caused  a  dense  shower  to  appear  in  the  solution,  but  no 
appreciable  change  of  temperatui*e.  The  index,  however,  began  to 
fall  at  once  from  1-408513  at  41°  to  1-408105  at  40°;  it  then  rose 
again,  reaching  1'408987  at  34*^.  A  second  fine  shower  occurred  at 
34°,  and  the  index  fell  again,  reaching  1-407766  at  29°,  and  then  rose 
until  it  reached  1*408547  at  18°.  Had  the  original  solution  contain' 
ing  45  per  cent,  of  sodium  nitrate  been  stirred  and  allowed  to  cool 
gradually  without  introducing  the  excess  of  sodium  nitrate  crystals, 
the  index  would  have  risen  steadily  to  about  1*4102  at  31*5°,  the  labile 
temperaturet  The  introduction  of  the  crystals,  however,  appears  to 
relieve  the  supersatoration  at  once  and  prevent  the  solution  from  ever 
reaching  the  supersolubility  curve.  The  solution  remains  in  the 
metastable  region  ae  the  temperature  falls,  and  finally  oscillates  about 
the  aolubility  curve,  as  in  some  of  the  preceding  experiments.  In 
fact,  after  the  introdiiction  of  the  extra  crystals,  bringing  the  percentage 
of  sodium  nitrate  up  to  49,  the  solution  behaves  as  if  it  had  always 
oontained  this  amoant  and  had  reached  the  snpersolubility  curve  at 
some  higher  temperatore^  the  conoentration  of  the  eolation  falling 
immediately  the  esoeaa  of  oryatala  was  introduced. 
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iSoluhility  Cui'V€, 

Hg,  1  also  coDtains  the  solubility  curve  St  which  shows  the 
peroentag^  ol  sodium  nitxate  in  a  saturated  solution  of  lead  nitrate  and 
water  (in  the  proportion  of  8 : 10)  at  different  temperatnros. 

The  solubility  curve  S  was  determined  by  the  method  used  and 
descaribed  by  Hartley  (Trans.,  1906,  89, 1015). 

Weighed  quantities  of  sodium  nitrate  and  lead  nitrate  solution  were 
enclosed  in  sealed  tubes  of  Jena  glass.  They  were  then  heated  in  a 
water-bath  until  all  the  crystals  had  dissolved  with  the  exception  of 
one  or  two  very  small  sodium  nitrate  crystals,  which  were  preserved 
at  the  upper  end  of  the  tube.  The  tubes  containing  these  crystals 
were  then  shaken  continually  an4  watched  as  they  cooled  in  a  beaker 
of  water.  The  small  crystals  appeared  to  dissolve  at  first,  and  their 
edges  became  rounded  until  the  water-hath  fell  to  a  certain  temperature, 
after  which  the  crystals  were  seen  to  grow,  their  edges  be^sttflf^,^^ 
quite  sharp.  This  change  is  quite  distinct^  and  the  teiap3riSnre  at 
which  it  occurs  is  taken  as  the  temperature  of  saturation.  ^ 

In  experiments  87,  38,  39,  40,  48,  49,  50,  51  and  62,  the  tubes  were  * 
not  sealed,  but  were  firmly  doeed  with  a  rubber  stopper.  In  these 
tubes  the  crystals  were  dissolved  by  boiling,  and  the  solutions  were 
then  inoculated  with  a  minute  crystal  of  sodium  nitratew  This 
crystal  at  first  begins  to  dissolve  in  the  warm  solution,  but  when 
the  temperature  has  fallen  to  a  certain  point  it  begins  to  grow  again, 
and  forms  a  slight  metastable  shower  around  itself.  This  temperature 
is  taken  to  bo  the  temperature  of  saturation.  Each  experiment  was 
repeated  once  or  twice,  and  the  results  obtained  never  varied  more 
than  about  O'D"^.  The  main  of  the  values  was  taken  as  the  true 
temperature  of  saturation. 

The  following  are  the  results  obtained  : 


Pereentags  ocnnposition  of  the  solution. 

Tf'inp<r- 

ature  of  satur> 

Experiment* 

NftNO,. 

Pb(N03).^ 

Hj|0. 

ation  for  N«iNO . 

87 

40-97 

13 -62-2 

46*408 

21* 

88 

41-5 

45-0 

24 

80 

42037 

i»-37a 

44-587 

26  -5 

40 

42*600 

18-269 

44*231 

28*5 

41 

43-182 

12-875 

43-943 

31 

42 

44000 

12-751 

42-644 

37-8 

43 

44*684 

12*777 

42*580 

88*8 

44 

45-113 

I'J'.'U 

41*048 

41 

45 

45  700 

12  407 

41-893 

48  g 

48 

46  030 

12-454 

41-516 

44-25  1 

47 

47-28 

12-50 

40-22 

61  % 

48 

48  020 

11-994 

39-986 

56 

49 

48-420 

11-902 

39-672 

56-5 

60 

40*025 

11*768 

80*212 

68 

61 

49-502 

11-653 

38-845 

61 

52 

49  923 

11-656 

38-521 

64 
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These  results  when  plutted  on  Fig.  1  are  seen  to  lie  yery 
approximately  6n  a  stmigbt  line  6',  the  nolubility  curve  for  Bodium 
nitrate  in  a  30  per  ee&t.  solution  of  lead  nitrate  and  water.  The  line 
tS  is  inclined  at  a  small  angle  to  the  supersolubilitj  curve  T,  and  is 
separated  from  it  by  an  interval  of  about  7"  of  temperature  at  the 
upper  end,  9*5°  of  temperature  at  the  oentrei  and  4*5°  of  temperature 
at  the  lower  end  of  the  diagram. 

It  is  to  be  noted  that  throughout  the  whole  of  this  series  of 
experiments  the  crystals  separating  from  the  solutions  as  they  cooled 
were  examined  from  time  to  time  under  the  microscopoi  and  in  every 
caae  thej  were  found  to  be  ordinary  rbombohedra  of  sodium  nitrate. 


Fio.  8. 


Vig.  1  may  be  regarded  as  a  section  of  the  surface  which  gives  the 
temperaturea  of  solidification  of  all  mixtures  of  the  three  subetanoes 
water,  sodium  nitrate,  and  lead  nitrate.  This  is  a  solid  figure  having 
an  equilateral  triangle  ABC  as  base  (Fig.  3),  in  which  the  concentra- 
tion at  any  point  of  the  solid  figure  is  given  by  the  projections  of  the 
perpendicular  distances  of  the  point  from  the  sides  of  the  triangle,  the 
temperature  being  measured  perpendicular  to  the  plane  of  the  paper. 
The  comers  j1,  C,  of  the  triangle  represent  the  substances  water, 
lead  nitrate,  and  sodium  nitrate  respectively.  Since  in  the  above 
experimente  the  ratio  of  the  quantity  of  Imd  nitrate  to  water  was 
kept  constant  for  all  the  solutions  examined,  Fig.  1  represents  a  section 
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of  the  surface  by  a  plane  passing  through  the  edge  C  of  the  right 
|>ri8iD  of  which  A  BC  is  the  base,  in  a  direotioB  given  by  the  ratio  8 : 10, 
and  perpendicular  to  the  plane  of  the  paper. 

Second  Stt  of  SxporimoniB. — S^uHom  ooiiUaining  EtBoets  qf  Load 

In  the  second  set  of  experiments,  the  proportion  of  sodium  nitrate 
to  water  was  kept  oonetant  and  the  amount  of  lead  nitvate  varied  in 
the  different  solutions.  Throughoat  this  set  of  seventeen  ezperimentfly 
the  proportion  of  sodiw  nitrate  to  water  was  very  approximately  as 
75 : 100,  whilst  the  amount  of  lead  nitrate  varied  from  24*893  to 
19*739,  the  whole  solution  being  taken  as  100.  As  in  the  first  set  of 
experiments,  the  solutions  were  placed  in  the  goniometer  trough  at 
about  60^,  and  their  refractive  indiose  were  observed  as  they  cooled  to 
about  15^ 

Throughout  this  set  of  experiments,  octahedra  of  lead  nitrate 
ciystallised  out  of  the  solutions  as  they  cooled,  but  no  sodium 
nitrate  separated. 

Fig.  4  gives  the  results  of  all  the  experiments  of  this  set.  In  nine 
of  these  experiments,  the  solutions  were  introduced  into  the  trough  at 
a  high  temperature  and  immediately  covered  with  a  layer  of  hot  olive 
oil.  This  prevented  any  evaporation  from  the  surface  of  the  trough, 
and  until  crysUJs  began  to  form  in  the  solution  the  concentration  was 
consequently  constants 

From  the  results  of  five  of  these  experiments  with  oil-covered 
solutions,  curves  of  constant  refractive  index  were  plotted  on  a  con- 
centration-temperature diagram.  These  curvee  were  drawn  for  the 
following  values  of  refractive  index :  1-405, 1*40$,  1*407, 1*408, 1*409, 
1*410, 1*411, 1*412, 1*413,  and  are  shown  on  the  diagram.  They  were 
found  to  be  very  approximately  straight  lines  parallel  to  each  other 
and  equidistant,  inclined  at  an  angle  of  52®  59'  to  the  temperature  axis, 
the  scale  being  such  that  1  per  cent,  of  lead  nitrate  corresponds  with 
IQP  of  temperature. 

If  a  line  be  drawn  perpendicular  to  these  constant  index  curves,  it 
will  be  poesible  as  before  to  measure  along  this  line  the  refractive 
index  of  any  solution  as  it  cools. 

The  curves  on  Fig.  4,  showing  the  behaviour  of  the  various 
solutions,  are  all  plotted  from  the  observed  values  of  their  refractive 
indiose  as  they  cooled,  in  the  manner  indicated  above. 

In  the  remaining  eight  experiments  of  this  set,  the  solutions  were 
not  Covered  with  a  layer  of  olive  oil  as  soon  as  thu^  were  introduced 
into  the  trough,  so  that  evaporation  from  the  surface  of  the  liquid 
caused  a  blight  increase  in  the  concentration  of  the  solutions  through- 
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out  the  experimeuts.  As  in  the  experiineots  of  the  first  Bet,  all  the 
solutions  were  stirred  vigorously  as  they  cooled. 

Description  of  Fig.  4. 

The  curves  on  the  diagram  show  that  the  concentrations  of  the 
solutions  vary  little  at  first  as  they  cool  from  about  60*^,  whilst  the 

Fio.  4. 


Temperature. 
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refractive  indices  rise  steadily  with  fall  of  temperature.  There  are 
sometimes  slight  irregularities  in  the  eurves  where  they  cross  the 
solubility  curve  S.  Here  crystals  usually  make  their  appearaiioe»  after 
which  the  coocentration  generally  drops  slightly  for  the  various 
soluUons.  The  refractive  indices,  however,  continue  to  rise  until  they 
reach  a  maximum,  and  then  fall  again^  slowly  at  first  and  then  very 
rapidly  until  the  curves  finally  touch  the  solubility  curve  S.  Shortly 
after  the  maximum  index  is  reached,  a  dense  shower  of  crystals  takes 
place  throughout  the  solution,  causing  the  rapid  fall  in  the  index 
and  concentration.  The  diagram  shows  that  at  the  points  where 
the  solutions  reach  their  maximum  indices  all  the  curves  approxi- 
mately touch  a  continuous  curve  T»  This  curve  T  is  almost  a 
straight  line  parallel  to  the  solubility  curve  S  for  temperatures 
varying  from  20°  to  40°.  Above  40^,  however,  the  curve  bends 
towards  the  solubility  curve  S,  and  indicates  that  the  metastable 
region  for  the  stronger  solutions  examined  is  considerably  narrower 
than  the  metastable  area  for  the  weaker  solutions.  This  curve  T  is 
the  supersolubiUty  curve  for  the  set  of  mixtures  containing  from 
24*893  to  19*739  per  cent,  of  lead  nitrate  in  a  solution  of  eodium 
nitrate  and  water,  the  proportion  of  sodium  nitrate  to  water  being 
3 : 4,  and  divides  the  metastable  from  the  labile  region. 

Behaviour  of  Mixed  /Solutions  of  this  Set  compared   wiUt  Simple 

Solutioiia. 

The  behaviour  of  the  majority  of  the  solutions  of  this  set  does  not 
differ  from  that  of  the  simple  solutions  in  any  essential  details.  In 
solutions  containing  less  than  24*242  per  cent,  of  lead  nitrate,  the 
refractive  index  rises  to  a  maximum  as  the  temperature  falls,  and  then 
falls  suddenly.  Crystals  appeared  on  the  upward  branch  of  the  index- 
temperature  curve,  usually  causing  a  very  slight  irregularity  in  the 
curve.  The  index  continues  to  rise  to  a  maximum  and  then  falls  very 
suddenly,  a  dense  shower  of  crystals  taking  place  during  the  fall  in 
index.  The  rest  of  the  solutions  of  this  set,  containing  from  24*242  to 
24 "893  per  cout.  of  lead  nitrate,  behavtd  iii  tbo  same  way  except  thut 
after  the  index  had  risen  to  a  maximum  there  was  no  sudden  shower 
of  crystals,  but  crystiils  grew  rapidly  at  the  bottom  of  the  trough  and 
the  concentration  streams  rising  from  them  were  very  marked. 

The  solutions  of  this  set,  however,  differ  from  those  of  the  previous 
one  in  that  (i)  there  is  no  fine  shower  while  the  index  is  rising  in  the 
metastable  region,  as  was  the  case  with  some  of  the  solutions  of  that 
set;  and  (ii)  the  fall  in  index  after  the  maximum  index  is  reached  is 
very  sudden,  but  does  not  then  become  oscillatory  as  in  some  of  the 
solutions  of  the  lirst  set. 
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Xhe  following  are  the  reealts  for  ibe  set  of  experimoDte  deaeribed 
above : 

Ezpi.  63.— Composition :  H^O  -  46-856,  NaNO,-  84*406,  Fb(NO,),  « 
19*789  per  oent  The  index  rose  from  1-406274  at  49^  to  1*411880 
at  iff*,  and  tben  fell  rapidly  to  1*408630  at  19^.  Crystals  appeared 
at  80^,  and  a  shower  of  erystals  ooonrred  at  20^. 

Ezpt.  64.-.Composition :  H,0  »  46*444,  NaNO,  «  34*101,  Pb(NC,),  - 
20*466  per  cent.  This  solution  was  covered  with  warm  oil.  The 
index  rose  from  1'403188  at  60^  to  1*411472  at  23*8^  and  fell  from 
this  valoe  to  1*410663  at  21*7^.   Crystals  first  appeared  at  28^. 

Expt.  66.->Composition:  H,0-  46*460,  KaNOg  =  34*089,  Pb(N08)2 " 
20*461  percent.  The  index  rose  from  1*406296  at  48<*to  1*411471 
at  26^  and  then  fell  from  this  value  to  1*409662  at  22*6^  Crystals 
first  appeared  at  33%  and  a  fine  shower  occurred  at  22*6**. 

Expt. 66.— Composition:  H,0«46-439,NaK08» 34*091, Pb(N0,)2- 
20*470  per  cent.  The  index  rose  from  1*406090  at  60»  to  1*412691 
at  22-6%  and  then  feU  from  this  value  to  1*407613  at  18^.  Crystals 
appeared  at  32%  and  a  shower  of  crystals  occurred  at  22*6^  which 
became  very  dense  at  21*6°. 

Expt.  57.— Composition :  Bfi  =  44*940,  NaNOj -  33-722,  Pb(NC3)j- 
21*338  percent.  Thi«  solution  was  covered  with  a  layer  of  warm 
oil.  The  index  rose  from  1  405477  at  57'^  to  1-412591  at  25^  and 
then  fell  from  this  value  to  1-410967  at  21-r)'.  Crystals  first 
appeared  at  34  5^.  The  stirring  was  stopped  as  soon  as  the  tempera- 
ture iiad  fallen  to  25°. 

Expt.  58.— Composition :  H.,0  =  44  934,  NaNO,  =  33-703,  Pb(N08)2  = 
21-363  per  cent.    The  index  "rose  from  1-405376  at  60^  to  1-412389 
at  31°  and  then  fell  from  this  value  to  1-407817  at  24°.  Crystals 
appeared  at  40^,  and  a  shower  of  crystals  occ  urred  at  30-5°. 

Expt.  59.— Composition  :  Hfi  =  44  71 4,  NaNOg  =  33*594,  Pb(N03),  = 
21-692  per  cent.    The  index  rose  from  1405783  at  59°  to  1-413095 
at  29°,  and  then  fell  from  this  value  to  1  408225  at  23°.  Crystals 
first  appeared  at  45*5°,  and  a  slight  shower  occurred  at  28°  which 
became  dense  at  27°. 

Expt.  60.— Composition :  =  44  634,  NaNOg  =  33-493,  Pb(N03)2 « 
21  872  per  cent.  This  solution  was  covered  with  a  layer  of  warm  oil. 
The  index  rose  from  1-404865  at  61°  to  1-412895  at  28^,  and  tben  fell 
from  this  value  to  1-410663  at  25^  CryMals  first  appeared  at  38° 
which  grew  rapidly  at  29°,  but  no  shower  occurred  in  the  solution. 

Expt.  61.— Composition  :  K.fi  =  44  447,  NaNO^  =  33  352, 
Pb(N03)2  =  22-201  percent.  The  index  rose  from  1-407411  at  57-5^ 
to  1-413905  at  31^,  and  then  fell  from  this  value  to  1408021  at  23^ 
Crystals  first  appeared  at  40^.  A  slight  shower  of  crystals  occurred 
at  29°  which  became  deose  at  27''.i 


Digitized  by  G6ogIe 


404 


ISAAC:  TU&  T£MP£BATUKEii  or 


Expfc.  62.— Composition  :  Hp  =  43-951,  NaNOg  =  32  967, 
Pb(NO3)2  =  23  083  per  cent.  The  index  rose  from  1-408072  at  58^  to 
1-414107  at  33^  .uul  then  fell  from  this  value  to  1'407411  at  23-5^. 
Crystals  first,  appeared  floating  at  55  ,  and  at  the  bottom  of  the 
trough  at  49-5°  A  slight  shower  occurred  at  29°  which  became 
dense  at  lower  tomperatures. 

Expt.  63.— Composition  :  HgO  =  43-942,  NaNO^  =  32  075, 
Pb(N03).,  ~  23  O'^o  per  cent.  This  solution  was  covered  with  warm 
oil.  The  index  rose  from  1-407920  at  58^  to  1-412844  at  36°,  and 
fell  from  this  value  to  1-412287  at  33°.    Crystals  appeared  at  47°. 

Expt.  64.— Composition  :  H./)  =-  43-475,  NaNOg  -  32-611, 
Ph(N03)2  =  23-914  ^ose  from  1-410460  at  56°  to 

l-414005"at  38-5°,  and  then  fell  from  this  value  to  1-407513  at  23°. 
Crystals  appeared  at  56°,  and  a  dense  cloud  of  cryatala  oocurred 
at  37-5°. 

Expt.  65 —Composition :  HgO  =  43  459,  NaNOg  »  32*616, 
Pb(NO,)j  =  23  925  percent.  This  solution  was  covered  with  a  layer 
of  warm  oil.  The  index  rose  from  1-407816  at  63°  to  1-413602  at 
38°,  and  then  fell  from  this  value  to  1*408836  at  20°.  Crystals  firiit 
appeared  at  50°. 

Expt.  66.— Composition:  H,0  -  43*196,  NaNOg  =  32  398, 
Pb(NO|)|s  24-406  per  cent.  This  solution  was  examined  by  the  new 
inverted  goniometer,  the  trough  of  which  contains  a  much  larger 
quantity  of  solution  thaa  that  used  in  the  previous  experiments.  The 
trough  was  warmed  to  about  50°  before  introducing  the  solution,  which 
was  immediatoly  eovmd  with  a  layer  of  warm  oUva  oil.  The  index 
rose  from  }*4095S4  at  62*'  to  1*412995  at  44°,  and  then  fell  from  this 
value  to  1*407581  at  21^  Crystals  fifst  appeared  at  54^.  No  shower 
of  erystals  was  seen,  but  after  the  highest  index  was  reached  the  eon- 
oentration  streasis  were  very  marked  and  weve  seen  rising  from  the 
bottom  of  the  trough. 

Sxpt  67.-*Compo8ition :  H,0  »  43*011,  NaNO.  •  38*258, 
Pb(N0,)2»  34*731  per  cent.  This  solution  was  also  examined  in  the 
trough  of  the  new  goniometer.  The  trough  was  heated  to  40^  before 
introdnoing  the  sdutton,  which  was  then  eovered  with  a  layer  of  olive 
oil.  The  index  rose  from  1*409279  at  62-5<>  to  1*413197  at  4y>,  and 
then  fell  from  this  value  to  1*407311  at  19°.  CcysUls  appeared  at 
52^.  An  extremely  slight  shower  of  very  small  crystals  ooonrred  at 
40°,  and,  as  in  the  previous  experiment^  the  oonoeatration  strsams  were 
very  marked  after  the  highest  index  was  reached. 

Expt.  68.-^mposition  :  H,0  «>  43*103,  NaNO,  «  32*328, 
Pb(N03)3«  24*569  per  cent.  This  solution  was  examined  in  the 
trough  of  the  new  goniometer,  v^hich  was  heated  to  40°  before  introduc- 
ii  g  the  feolutiop.  The  solution  was  covered  with  a  Uyer  of  warm  olivo 
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oil.  Xiie  indeactose  from  1-406733  at  73^  to  1-412927  at  46^  and  fell 
ifom  this  Talue  to  1-408258  at  20*6^  Crystals  appearad  at  68%  and 
an  axtoMMly  slight  showsr  of  vary  snail  crystals  oooamd  at  46^. 
The  oonoMktcation  stresms  wera  vsiry  markad  in  this  experiment 
alsoL 

Ezpt  60.— Composition  :  -  42*019,    NaNO,  -  32188, 

Pb(KOJ|»  24*893  per  cent  The  solntton  was  examined  in  the 
trough  of  the  nesr  goniometer.  The  trough  ivas  heated  to  45^  before 
introdooiiig  the  solotion,  which  was  immediately  covered  with  a  layer 
of  warm  olive  oil.  The  index  rose  from  1*408936  at  64^  to  1*412254 
at  47^,  and  fell  from  this  valae  to  1*407411  at  27**.  Crystals  appeared 
at  58^.  No  shower  oceorred  in  this  experiment,  but  crystals  grew 
rapidly  at  the  bottom  of  the  trough,  and  the  concentration  streams 
were  very  marked. 

BtoperimtnU  with  StaM  Tubes, 

The  supersolubility  curve  determined  by  the  refractive  indtcss  for 
this  set  of  expsrimente  was  also  cheeked  by  the  method  of  sealed 
tubes  as  already  described  (p.  393). 

The  solutions  containing  lead  nitrate,  sodium  nitrate  and  water 
were  enclosed  in  sealed  tubes,  the  proportion  of  sodium  nitrate  to 
water  being  always  3 : 4,  whilst  the  amount  of  lead  nitrate  varied 
from  24*983  to  20*328  parte  to  100  parts  of  solution  for  the  diffwent 
tnbesL 

The  tubes  were  heated  in  hot  water  to  dissolve  the  crystals ;  they 
were  then  allowed  to  cool  gradually  in  a  water-bath,  and  as  they 
cooled  they  were  either  shaken  by  hand  or  rocked  by  means  of  an 
eleotrio  motor. 

The  temperature  at  which  crystals  appeared  in  the  tubes  was  taken 

to  be  the  temperature  of  spontaneous  crystallisation. 
The  following  results  were  obtained : 

Expt.  70.— Composition :  H,0  =  42  895,  NaNOg  =-  32-172,  P^NOa)^  - 
24*933  per  cent.  This  tube  was  heated  to  90°  for  twenty-four  hours,  and, 
the  crystals  having  completely  dissolved,  was  shaken  by  hand  as  it  cooled 
in  a  water-bath.  Lead  nitrate  crystals  apjXMiied  at  50  .  The  ex* 
periment  was  repeated  after  heating  the  tube  again  to  90^  for  tliii  ty- 
six  hours.  On  cooling  again  and  shaking  by  hand,  crystals  appeared 
at  55^.  This  tube  contained  angular  fragments  of  glass  with  tho 
solution.  The  crystals  which  first  appeared  were  few  and  very  small, 
and  a  shower  of  crystals  did  not  occur  until  a  much  lower  temperature 
was  reached. 

Expt.  71.— Compobition:  HjO  =  42  920,  NaNOg  -  32  194,  Ph(N08)2  = 
2i'S80  per  cent.   This  lube  was  heated  to  10^^  for  two  hours  to  dissolve 
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the  efjsteb,  and  then  sbaken  hj  hand  in  a  water-hath.  Crystals  first 
appeared  at  66^  but  were  very  few  and  small ;  a  shower  did  not  occur 
until  a  mneh  lower  temperature.  This  tube  also  contained  angular 
fragments  of  glass  with  tiie  solution: 

Ezpt.  78.— Oomposition :  H^O = 48-128,  NaNO,  -  82*346,  Pb(NO,),  - 
24*526  per  cent.  This  tube  was  heated  to  102^  for  two  hours  and  then 
shaken  by  hand  in  a  water>bath.  Orystals  appeared  in  a  slight 
shower  at  47^  The  experiment  was  repeated  after  heating  again  to  90^ 
for  thirtj-six  hours  to  dissolve  the  crystals,  and  on  cooling  a  slight 
shower  oeenrfed  at  49**.  This  tube  also  oontained  angular  fragments 
of  glass. 

Bxpt.  73.— Composition :  Hfi  =  43  282,  NaNOj  -  32  462,  Pb(N08)3  = 
24*256  per  cent.  This  tube  was  heated  to  90^  for  twenty-four  hours  to 
dissolve  the  crystals,  and  shaken  by  hand  in  a  water  bath.  Crystals 
first  appeared  in  a  shower  at  4:6°.  The  experiment  was  repeitod,  and  the 
tube  was  heated  again  to  90°  for  thirty-six  hours.  Tlie  shower  of 
crystals  then  appeared  at  45^.  This  tube  also  contuiued  augular 
fragments  of  glass. 

Expt.  74.— Composition :  HgO  =  43  290,  NaNO ,  =  32-468,  P^NO,),  - 
24*242  per  cent.  This  tube  was  heated  to  102°  for  two  hour.s  to  dissolve 
the  crystals,  and  then  shaken  by  hand  in  a  water-bath.  Crystals 
appeared  in  a  slight  shower  at  44°.  This  tube  also  contained  glass 
fragments. 

Expt.  75.— Composition:  lijO  =  43  469,  NaNOg  =  32-601,  Pb(N03)2  = 
23'930  {)er  cent.  This  tube  was  heated  to  75°  for  twenty-four  hours, 
and  shaken  on  the  rocker  as  it  cooled  in  a  water-bath.  Crystals 
appeared  in  a  shower  at  39°.  When  heated  for  four  days  and  nights 
at  85°,  no  crystals  appeared  until  the  temperature  had  fallen  to  27*5°. 
This  tube  did  not  contain  angular  glass  fragments. 

Expt.  76.— Composition :  Hfi  =  43-721,  NaNOj  =  32-791 ,  Pb(N03)o  = 
23-488  per  cent.  This  tube  was  heated  to  100°  for  two  and  a-half 
hours,  and  then  shaken  by  hand  in  a  water-bath.  Crystals  appeared 
in  a  shower  at  37*5°.  The  tube  contained  angular  fragments  of 
glass. 

Expt.  77.— Composition:  H.^0=  43-917,  KaNO.,  =  32-938,  Pb(N03)2  = 
23*145   per  cent.     This  tube  was  lieated  for  two  hours  to  100°  to 
dissolve  the  crystals,  and  then  shaken  by  hand  as  it  cooled  in  a  water- 
bath.     Crystals  appeared  in  a  shower  at  31°.   This  tube  did  not 
contain  angular  fragments  of  glass. 

Expt.  78.— Composition :  H^O  =  44-464,  NaNOs  =  33-348,  Pb(NOs)o  - 
22- 188  per  cent.    This  tube  was  heated  for  twenty-four  hours  to 
about  75°  or  80°,  and  shaken  on  the  rocker  as  it  cooled  in  a  water* 
bath.    Crystals  appeared  in  a  shower  at  29'^.    The  tuba  was  heated 
again  to  85°  for  foar  da^s  and  nights  to  dissolve  the  oiTStals,  and 
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when  tbaken  in  the  eooUng  water-bftth  orystak  appeared  at  27*6°  in  a 
abower. 

Expt  79.— Composition:  H,0-44*9i2,  KaNO.  -  33-706, 7b(N0,),- 
21*352  per  cent.  TfuM  tnbe  was  heated  to  85^  for  four  days  and  nights, 
and  then  shaken  on  a  rocker  in  a  oooliug  water-hath.  This  solatton 
beoomee  labile  at  20*',  bat  no  shower  oooarred  in  the  tnhe  though  it 
was  cooled  gradually  to  16^,  After  the  lapse  of  a  day  or  two,  a 
large  lead  nitrate  crystal  had  formed  in  the  tnbe»  the  temper<iture 
of  which  had  not  fidlen  below  12^,  The  experiment  was  repeated, 
and  the  tnbe  heated  to  100^  for  two  boors  to  di««olye  all  solid 
material.  The  same  result  was  obtained,  the  tube  being  cooled 
to  the  temperature  of  the  room  and  shaken  violently  by  hand  without 
crystals  appearing.    This  tube  contained  no  angular  glass  frtgmeuts. 

Expt.  80.— Composition :  =  45-527,  NaNOg  =  311 45,  Pb(N08)j - 
20-328  per  cent.  This  tube  was  heated  for  four  days  and  nights  to 
85^  to  dissolve  the  crystals,  and  shaken  on  the  rocker  as  it  cooled.  It 
was  cooled  to  15'^  withaut  any  crystals  appearing,  although  the 
solution  becomes  labile  at  about  21°.  A  single  large  lead  nitrate 
crystal  appeared  after  the  lapse  of  a  few  days.  The  tube  was  then 
heated  again  for  two  hours  to  100°,  but  was  again  cooled  gradually  to 
15°  without  crystals  having  made  their  appearance,  although  shaken 
violently  by  hand  continually.  This  tube  did  not  contain  any  glass 
fragments. 

From  these  experiments  it  appears  that  the  solutions  in  the  sealed 
tubes  crystaHise  at  temperatures  which  coincide  approximately  with 
those  given  by  the  supersolubility  curve  as  determined  by  the 
refractive  indices.  Internal  friction  by  means  of  angular  glass 
fragments  appears  to  be  necessary  to  bring  down  the  crystals  on  the 
supersolubility  curve,  otherwise  the  solutions  pa>s  iuLo  the  l.-ibile 
state  without  crystallising,  as  in  experiments  79  and  80  above. 
This  was  also  found  to  be  the  case  with  sodium  chlorate,  aS 
mentioned  in  the  previous  paper  on  Spontaneous  crystallisation. 
Provided  the  tubes  contain  the  gla>s  fragments,  tlie  length  of  time 
daring  which  the  tubes  are  heated  does  not  appear  to  have  much  effect 
on  the  temperature  of  spoutaueons  crystallisation.  The  contents  of 
the  tubes  containing  toe  larger  amounts  of  lead  nitrate  are  seen  to 
eiystallise  spontaneously  at  temperatures  which  show  that  the 
supersolubility  curve  changes  its  direction  somewhat  above  40°,  and 
bends  towards  the  solubility  curve.  From  Fig.  4  it  is  seen  that  this 
change  in  the  direction  of  the  supersolubility  curve  above  40^  is  also 
indicated  by  the  experiments  on  the  refractive  indices. 


VOL.  XCUl. 


S  B 

Digitized  by  Google 


408 


ISAAC:  THE  TBMPBRATUBB8  OP 


Tk»  Sjfhet  of  Rapid  Ceding. 

The  effect  of  rapid  cooling  was  also  investigated  for  this  series  of 
solutions,  the  method  being  the  same  as  that  described  on  p.  395. 

Expt.  81. — The  concentration  of  the  solution  was  H^O  =  \\'0b2y 
NaNOg  =  33  040,  Pb(N08)2  =  22  908  per  cent.,  the  proportiou  of  sodium 
nitrate  to  water  being  3:4. 

The  solution  was  poured  into  the  warm  trough  at  about  70°,  covered 
with  a  layer  of  warm  olive  oil,  and  cooled  rapidly  by  passing  cold 
water  over  the  sides  of  tl^o  trough.  The  index  rose  from  1 '406937  at 
6P  to  1-417443  at  1  G^,  and  then  fell  from  this  value  to  1-411033  at 
IS'^,  the  time  taken  being  sixteen  minutes  to  cool  from  65°  to  20°,  and 
half  an  hour  to  fall  from  20""  to  13°.  Crystals  tirst  appeared  at  22'5°» 
and  a  fine  shower  occurred  at  15°. 

If  allowed  to  cool  gradually  under  the  same  conditions,  crystals 
would  probably  have  first  appeared  at  about  49°,  the  temperature  of 
saturation,  and  the  index  would  have  reached  a  maximam  of  about 
1*4138  at  32'5°,  and  then  have  decreased  again  as  in  experiment  61,  in 
which  the  solution  had  approaumately  the  same  constitution.  The 
rapid  cooling,  therefoxe,  causes  the  solution  to  pass  far  into  the  labile 
state.  This  curve  is  not  shown  on  the  diagram ;  on  crossing  the 
supersolubility  curve  it  showed  a  distinct  irregularity. 

Expt.  82. — In  a  second  experiment,  the  solution  was  again  rapidly 
cooled  in  the  same  manner.  The  concentration  of  the  solution  was 
HgO^li  444,  NaNOg « 33-333,  Pb(N03)2  =  22-222  per  cent.,  the  pro- 
portion of  sodium  nitrate  to  water  being  3:4,  as  before.  The  solu- 
tion was  poured  into  the  warm  trough  at  70%  and  immediately  covered 
with  a  layer  of  warm  olive  oil.  It  was  then  cooled  rapidly  by  passing 
cold  water  over  the  sides  of  the  trough. 

The  index  rose  from  1404797  at  65"*  to  1-4152U  at  18%  and  fell 
from  this  value  to  1*406869  at  11*6^  Crystals  first  appeared  in  a 
fine  shower  at  20®  which  became  dense  at  18®.  If  allowed  to  cool 
gradually,  crystals  would  probably  have  appeared  in  this  solution  at 
about  34®,  the  temperature  of  saturation,  and  the  index  would  have 
reached  a  maximum  of  about  1'4133  at  28®.  In  thitt  expmment  also, 
therefore,  the  rapid  cooling  causes  the  solution  to  pass  for  into  the 
labile  state. 

The  solubility  curve  ^S"  on  Fig.  4  shows  the  percentage  of  lead 
nitrate  in  a  saturated  solution  of  sodium  nitrate  and  water  in  the 
proportion  of  3:4. 

The  curve  was  determined  in  the  manner  already  described  on 
p.  398. 
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In  ezperineats  83,  84,  85,  86,  87,  and  88,  the  tubes  were  sealed, 
while  in  ezperiments  89,  90,  aod  91,  the  tubes  were  elosed  firmly  with 
a  rubber  stopper. 

The  compositions  of  the  eolations  eontainsd  in  these  tabes  are 
given  below. 

In  all  cases  the  solutions  were  inooalated  with  a  minute  crystal  of 
lead  nitrate  in  the  manner  described  on  p.  398,  and  the  growth  of  the 
immersed  crystal  gives  the  temperatui*e  of  saturation. 

The  followiog  results  were  obtained  : 


PereenUgo  com- 

1' 

'IViiijit  laturt"  of 

ttatumtion  uf  leo^l  uitrate 

£xperiment. 

HjO. 

Na^O,. 

Pb(NO,)a. 

in  the  solutioo. 

83 

45*892 

84*420 

19*688 

82*.  82* 

81 

45-527 

34-145 

20*328 

35*5'' 

85 

44-942 

33  706 

21*852 

38  5%  40-3%  40-5 

86 

44*484 

88*848 

22*188 

43°,  44%  44* 

87 

43-917 

32-938 

23-145 

48 -5%  50%  49*,  49» 

88 

43--I69 

32-601 

23-930 

Sr,  55%  55° 

89 

43-290 

32-468 

24-242 

58%  58',  59' 

90 

43*103 

32-328 

24-569 

62%  62' 

81 

42*918 

32  189 

24*893 

66%  64%  66' 

These  results  when  plotted  on  Fig.  4  give  the  continuous  cuive-S",  the 
solubility  curve  for  lead  nitrate  in  a  3  :  4. solution  of  sodium  nitrate  in 
water.  This  curve  (except  at  the  upper  end)  is  separated  from 
the  supersolubility  curve  already  determined  by  15"^  or  16^  of  tempera- 
ture. 

As  in  the  first  series  of  experiments,  the  crystals  separatiog  from 
these  solutions  throughout  the  second  set  of  experiments  were 
examined  from  time  to  time  under  the  microscope  and  found  to  be 
indistinguishable  from  ordinary  lead  nitrate. 

Fig.  4  may  also  be  regarded  as  a  section  of  a  surface  having  an 
equilateral  triangle  AUC  as  base  (compare  Fig.  3),  in  which  the  con- 
centration at  any  point  of  the  solid  figore  is  given  by  the  projection  of 
the  perpendicular  distances  of  the  point  from  the  sides  of  the  triangle. 
The  temperature  is  raeasnred  perpendicular  to  the  plane  of  the  paper. 
As  before,  let  the  corners  A,  C,  of  the  triangle  represent  the  sub- 
stances water,  lead  nitrate,  and  sodium  nitrate.  Since  in  the  above 
experiments  the  ratio  of  the  quantity  of  sodium  nitrate  to  water  was  kept 
constant  at  3:4  for  all  the  solutions  examined,  Fig.  4  represents  a 
section  of  the  surface  by  a  plane  passing  through  the  edge  B  of  the 
right  prism  of  which  ABC  is  the  base,  in  the  direction  given  by  the 
ratio  3 : 4,  perpendicular  to  the  plane  of  the  paper. 
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The  preceding  experiments  have  established  for  a  mixture  of  three 
constituents  the  principles  of  crystallisation  previously  established  for 
binary  mixtuios  (Trans.,  1906,  89,  413). 

With  the  three  constituents  sodium  nitrate,  lead  nitrate,  and  water, 
any  mixture  has  a  perfectly  definite  temperature  of  spontaneous 
crystallisation,  that  is,  a  temperature  above  wliich  it  cannot  be  made 
to  crystallise  except  by  inoculation.  This  is  shown  by  the  shower 
which  forms  in  the  solutions  in  the  open  trough,  the  maximum  value 
attained  by  the  lefractivo  index,  and  the  shower  in  the  sealed  tubes. 

Solutions  exj  o.sed  to  the  aii-,  and  containing  a  large  proportion  of 
sodium  nitrate,  when  stirred  oxliilnt  a  slight  metastable  shower  in  the 
open  trough  before  the  temperature  of  spontaneous  crystallisation  is 
reached,  but  this  shower  is  extremely  slight,  and  easily  distinguished 
from  the  very  dense  shower  which  occurs  at  the  temperature  of 
spontaneous  crystallisation ;  the  latter  usually  renders  the  solution 
opaque. 

It  most  be  observed  that  the  solution  in  which  the  metastable  shower 
occurs  already  contains  growing  crystals  of  sodium  nitrate.  In  order 
to  prove  that  this  shower  also  consists  of  sodium  nitrate,  it  was 
examined  more  minutely  in  an  experiment  made  under  the  microscope. 
A  solution  in  which  the  concentration  of  sodium  nitrate  was  46*94 
per  cent,  in  a  3  : 10  aqueous  solution  of  lead  nitrate  was  placed  in  a 
watch-glass  at  a  high  temperature  and  examined  under  the  microscope 
as  it  cooled  gradually.  The  solution  was  stirred  with  a  pin  point,  and 
sodium  nitrate  crystals  first  appeared  floating  on  the  surface ;  then  a 
slight  shower  corresponding  to  the  metastable  shower  referred  to  in 
this  paper,  and  finally,  when  the  temperature  had  fallen  sufficiently, 
the  labile  shower  occurred  in  which  crystals  also  formed  on  the  watch- 
glass  along  the  lines  of  scratch.  Thronghont  the  experiment,  all  the 
crystals  had  the  appearanee  and  optical  properties  of  ordinary  sodium 
nitrate. 

Th^  temperature  of  spontaneous  crystallisation  wies  with  the 
concentration  of  the  solution,  and  for  the  two  series  of  solutions 
examined  these  temperatures  are  found  to  lie  on  continuous  curves ; 
these  have  been  termed  the  supersolubility  curves*  They  may  be 
I'egarded  as  plane  sections  in  two  directions  of  a  surface  which  may 
be  termed  the  supersolubility  surface  for.  every  possible  mixture  of  the 
three  constituents  sodium  nitratOi  lead  nitrate,  and  water. 

The  same  solutions  endceed  in  sealed  gkss  tubes  cannot  be  made  to 
crystallise  at  a  higher  temperature  than  that  given  by  the  super- 
soinbifity  eorve  except  by  inoculation,  and  in  general  a  solution  in  sa 
sealed  tube  doee  oiystaUise  at,  or  slightly  below,  this  temperatura. 
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The  solubility  curves  for  the  two  series  of  miztures  have  been 
traced,  and  found  to  be  approximately  straight  lines  running  nearly 
parallel  to  the  lower  part  of  the  sapersolubility  eurvei. 

Bapid  cooling  of  the  solutions  has  been  found  to  cause  thorn  to  pass 
into  the  labile  state  before  the  shower  of  crystals  appears,  but  prolonged  , 
Seating  of  the  solutions  did  not  appear  to  afFect  their  behaviour. 

The  introduction  of  an  ezeess  of  crystals  into  a  metastable  solution 
relieves  the  supersatnration  and  prevents  the  solution  from  becoming 
labile  and  reaching  the  supersolubility  curve. 

In  some  of  the  solutions  of  the  first  series  of  experiments  containing  • 
from  45  to  49*5  per  cent,  of  sodium  nitrate,  after  the  shower  of  crys- 
tals has  appeared  the  fall  in  index  is  sometimee  oscillatory,  rising  a 
little  and  then  falling  again.  * 

In  oonclasioD,  I  desire  to  express  my  thanks  and  gratitude  to 
Professor  H.  A.  Miers  for  his  valuable  advice  and  continual  assist- 
ance given  me  throughout  the  course  of  this  research. 

MlXBRALOOICAL  DSPABTMSMT, 

•    UnvsRsiTT  MunuM, 

OXVOBD. 


XXXVIII. — Amphoteric  Metallic  Hydroxides,    Fart  L 

By  JoHH  Kebfoot  Wood. 

BCvcH  interest  has  been  taken  of  late  in  amphoteric  compounds, 
especially  in  the  behaviour  of  such  substances  as  are  electrolytes. 
The  divergence  from  Ostwald's  dilution  law  and  the  other  abnormal- 
ities exhibited  by  these  substances  have  been  explained  by  Walker 
(Proe.  Roy.  Soc.,  1904,  74,  155;  Zeitsch,  phyaikal.  Chem.,  1904, 
49,  82).  The  substances  hitherto  examined  have  been  almost  wholly 
of  an  organic  nature,  and  necessarily  so,  for  very  few  inorganic 
substancei^  are  of  the  nature  of  amphoteric  electrolytes.  It  is  well 
known,  however,  that  many  metallic  hydroxides  possess  an  amphoteric 
character,  althougii  they  canuot,  owing  to  their  very  sli^'ht  solubility, 
be  termed  electrolytes,  and  it  appeared  to  the  author  that  an  examina- 
tion of  these  substances  and  a  comparison  of  their  ba^ic  and  acidic 
constants  would  be  of  interest.  When  ar;^enious  oxide  dissolves  in 
water,  a  certain  quantity  passes  into  arseuious  hydroxide.  The  results 
obtained  with  this  substance,  which  was  chosen  as  being  a  Foluble 
..amphoteric  hydroxide,  and  aluminium  hydroxide,  a  typical  insoluble 
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amphoteric  hydroxide,  form  the  sobject  of  the  present  paper*  Other 
bjdroxideB'are  at  present  under  examination,  and  the  resnlte  obtained 
will  form  the  eubjeot  of  fntnre  commnnicatione. 

Artmunu  ifydrooBieh  R$garM  at  a  Ba$e.^A.  ooneidevation  of  the 
properties  of  this  compound  makes  it  at  once  obvious  that  its  basicity 
must  be  of  a  very  loir  order  of  magnitude.  Zawidzki  {Ber,,  1903,  86, 
1427),  in  fact,  after  examining  various  arsenic  compounds,  arrived  at 
the  conclusion  that  the  hydroxide  is  practically  devoid  of  basic  charac- 
ter. It  was  thought  that  by  adopting  the  LiSwenherz  solubility  method 
*  some  light  on  the  subject  might  be  obtained,  and  accordingly  the 
solubility  of  arsenious  oxide  in  water  and  in  hydroehlorie  acid  was 
determined. 

Sohihility  of  Arsenious  Oxide  in  Water. — Very  divergent  figures 
liave  been  published  for  the  solubility  of  arscuious  oxiJo  in  water. 
The  matter  has  been  complicated  by  the  existence  of  several  varieties 
of  the  compound,  and  also  by  the  fact  that  the  amorphous  variety 
undergoes  slow  transfoi matiuu  into  the  octahedral  form.  In  the 
present  experiment*^,  the  oxide  U'led  was  of  the  octahedral  variety,  and 
for  the  final  experiments  was  Kpecially  puri6ed  by  dissolving  in 
concentrated  hydrochloric  acid,  diluting  with  water,  and  filtering  and 
washing  the  crystals  which  were  deposited. 

The  solubility  was  determined  as  follows  :  a  mixture  of  the  oxide 
and  distilled  water  was  placed  in  a  bottle  made  of  "  resistance-glass," 
which  was  then  attached  to  a  shaking  machine.  At  intervals,  portions 
were  filtered  off  and  titrated  with  a  decinormal  solution  of  iodine. 
The  shaking  was  continued  until  the  titre  of  the  filtered  solution  was 
constant,  and  the  solubility  was  then  calculated  from  the  final  titre. 
All  tlie  experiments  were  made  at  the  laboratory  temperature  of  15° 
(approx.). 

In  the  preliminary  experiments,  the  solubility  obtained  was  1*55 
grams  per  100  c.c.  of  water;  usint?  the  sjiecially  purified  substance, 
the  result  was  of  only  slightly  different  value,  concordant  determina- 
tions showing  that  100  c.c.  of  water  dissolve  1  •4:1)5  grams  of  arsenious 
oxide.  A  saturated  solution  was  obtained  only  after  shaking  for 
several  weeks. 

Soluhiliti/  of  Arsenums  Oxide  in  Hydrochloric  Acid. — The  method 
of  determination  was  similar  to  that  described  above  for  the  solubility 
in  water,  the  arsenious  oxide  being  mixed  with  sclntions  of  hydro- 
chloric acid  of  varying  concentratioo.  The  concentration  of  the  acid 
solvent  was  determined  by  titrating  a  portion  of  the  solution  with 
sodium  hydroxide,  using  methyl-orange  as  indicator.  The  time 
necessary  for  the  atkainment  of  saturation  was  much  shorter  than  in 
the  case  of  the  aqueous  solution.  In  most  of  the  experiments,  the 
oxide  and  acid  were  in  contact  for  about  twenty-four  hours.  This 
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period  was  longer  than  necessary,  time  experiments  having  shown 
that  the  solution  became  saturated  after  sevoi  al  hours'  shaking.  The 
author  thus  confirmed  the  observation  of  Drucker  {ZeiUch.  physikcU. 
Chem.,  1901,  36,  173),  that  the  rate  of  dissolution  of  crystalline 
arsenious  oxide  is  greatly  accelerated  by  the  presence  of  hydrogen 
ioDs.    The  following  results  were  obtained  : 

Concentration  of  Grams  of  arsenious  nxide  Concentration  of 

hydrochloric  acid.  per  100  c.c.  of  solation.  arsenious  oxide. 

0'46iV  152  0  051iSr 

0-9S.V  1-41  0-047 A" 

2-03A*  1-17  0  039,V 

S-ISAT  1-11  0  037iV 

8*81  AT  1'18  O-OSSi^r 

5-32A^  2-20  0-074A' 

8-60JV  511  017iV 

7'85y  1228  OAIN 

9'l7y  18*16  0'$lN 

From  a  consideration  of  the  above  table,  iL  is  evident  that  in  hydro- 
chloric acid  of  less  thin  seminormal  concentration  the  solubility  of 
arsenious  oxide  is  about  equal  to  its  soluhiliiy  in  pure  water.  As  the 
concentration  of  the  acid  increases,  the  solubility  of  the  oxide  decreases, 
a  minimum  being  reached  when  the  concentration  of  the  solvent  is 
about  3*2iV.  Beyond  this  point,  an  increase  in  the  concentration  of  the 
Rolvt^nt  leads  to  a  corresponding  iucreaso  in  the  solubility.  The 
variation  of  the  solubility  of  arsenious  oxido  with  the  concentration  of 
the  hydrochloric  acid  used  as  solvent  is  shown  in  the  accompanying 
curve,  which  illustrates  very  clearly  the  ditierenco  between  the  basic 
and  acidic  constants  of  arsenious  hydroxide.  It  is  obvious  that  the 
introduction  of  hydrochloric  acid  into  the  system  of  water  and 
arsenious  hydroxide  will  cause  a  decrease  in  the  acidic  ionisation  of 
the  latter»  and  consequently  a  diminution  in  the  solubility  of  the 
arseDloilS  oxide.  On  the  other  hand,  the  addition  of  hydrochloric  acid 
will  increase  the  solubility  of  arsenious  hydroxide  as  a  base.  Whether  the 
increase  or  decrease  in  the  solubility  is  the  greater  is  partly  dependent  on 
the  respective  magnitudes  of  the  basic  and  acidic  constants  of  arsenious 
hydroxide,  and  partly  on  the  amount  of  hydrochloric  acid  added.' 
From  the  fact  that  the  first  effect  of  the  addition  of  hydrochloric  acid 
is  to  cause  a  steady  fall  in  the  solability»  it  is  at  once  evident  that 
the  acidic  dissociation  constant  of  arsenious  hydroxide  must  be  much 
greater  than  the  basic  constant.  It  is  only  when  the  hydrogen  ions, 
introdaced  in  the  form  of  hydrochloric  acid,  have  reached  such  a  con. 
centxation  as  to  make  the  addic  ionisatum  of  the  arsenious  hydroxide 
inpossibley  that  it  becomes  possible  to  see  the  effect  which  a  farther 
increase  in  the  ooncentration  of  the  bydrochlorio  add  has  on  the 
eolnbility  of  arsenione  oxide  in  virtue  of  the  basic  character  of  the 
hydroxide.   Beyond  the  minimnm  of  the  corve»  the  increase  in  the 
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solubility  can  oaly  be  aixsoonted  for  on  tho  Mawnptioii  thftt  anenious 
hydroxide  poasesaea  feeble  basic  properties.  By  eztrapolatioii  of  thia 
portion  of  the  curve»  a  value  for  the  aolubility  in  water,  eliminating  that 
portion  of  the  ordinary  aolubility  due  to  the  addie  diaaodation,  can  be 
obtained.   Uaing  thia  number  and  applying  the  LSwenhers  method,  a 
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value  for     of  the  dimenaiona  of  1  ia  arrived  at.   Oonaeqnently,  the 

A 

basic  dissociation  oonstant  of  arsenioua  hydroxide  ia  of  the  '^«»"ATit^if>nff 
1  X  10-1* 

Arteniout  HydroxidA  Etgarded  a$  an  Add, — From  the  fact  that  an 
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aqueous  solution  of  anenious  oxide  poesesMs  a  very  feeble  add 
reaction,  it  may  be  safely  assumed  that  the  acidic  constant  is  higher 
than  the  basic  one»  although  the  fact  that  solutions  of  sodium  and 
potassium  arsenites  possess  a  strongly  alkaline  reaction  shows  that 
even  the  acidic  constant  can  have  only  a  small  Talue.  • 

The  addic  constant  was  determined  from  the  velocity  with  which 
methyl  acetate  wss  saponified  by  a  solution  of  sodium-arsenite  (Shields, 
ZiUmk.  phytikttL  Ch»m.,  1893,  12,  167 ;  Wood,  TraDS.,  1906,  89, 
1832).  A  solution  of  sodium  metanenite  was  prepared  by  dissolving 
a  weighed  quantity  of  re-sublimed  arssnious  oxide  in  the  calculated 
amount  of  0'0495iV^  sodium  hydroxide.  Equal  amounts  of  this  solution 
and  oF  a  solution  of  methyl  acetate  of  the  same  concentration  were  mixed, 
and  the  mixture  mjiintaineii  at  a  temperature  of  25°.  Portions  of  the ' 
luixture  were  removed  at  intervals,  and  titrated  with  O'OIA'  hydro- 
cliloric  acid  ;  the  velocity  comstant  was  calculated  by  means  of  the 
equation  giveu  in  a  previous  paper  (Wood,  loo.  cU.).  The  reiiults  of 
one  determination  are  given  below  : 

20c.c.  0  0495^^  sodium  metarsenite  +  20  c.c.  0  04:95iV  methyl  acetate. 

Time.  IHtn.  k. 

0  10-06  — 

284  7*26  0-000212 

1866  6*10  0-000216 

Mean   0-000214 

This  value  for  k  was  confirmed  by  several  other  experiments.  Using 
the  above  figure  for  the  velocity  constant,  the  calculated  value  for  ^^i 
the  dissociation  constant  of  ar^euious  acid,  is  found  to  be  6*3  x  10"*®. 
Knowm;^'  the  velocity  constant,  the  hydrolysis  constant  of  sodium 
metarsenite,  and  consequently  the  amount  of  hydrolysis,  can  also  be 
calculated  (compare  Wood,  loc.  cit.).  In  decinormal  solution,  it  is  found 
that  sodium  metarsenite  is  hydrolysed  at  25^  to  the  extent  of  1*4 
per  cent. 

Electrical  Conductivity  of  Aque.ous  Solutions  of  Arsenious  Oxide. — 
Zawidzki  {loc.  cit.)  determined  the  conductivity  of  aqueous  solutions 
of  arsenious  oxide  and  thence  calculated  the  dissociation  constant, 
obtaining  a  value  for  the  latter  of  210  x  10"^^  In  view  of  the 
divergence  between  this  number  and  the  value  of  the  acidic  constant 
determined  by  the  author,  it  was  decided  to  make  a  re-determination 
of  the  dissociation  constant  by  means  of  the  conductivity  method. 
Arsenious  oxide  was  crystallised  from  specially  distilled  conductivity 
water,  and  the  crystals  obtained  were  repeatedly  washed  with  similar 
water,  a  solution  of  the  washed  crystals  being  afterwards  prepared. 
All  the  operatioos  incidental  to  the  preparation  of  the  solution 
were  csnied  out  in  the  open  air. 
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The  ooooeatrated  solution  so  obtained  was  diluted  to  different 
extents  with  conductivity  water,  a  fresh  portion  of  the  coDcentrated 
solution  being  nsed  for  each  dilution.  The  conductivity  of  the 
dilate  solutions  was  then  determined,  using  unplatinised  electrodes, 
after  which  the  concentration  of  the  varioos  solutions  was  ascertained 
by  titration  with  decinormal  iodine  solution. 

The  water  used  for  the  experiments  had  a  conductivity  of 
I X 10"'  at  25^.  All  conductivities  are  expressed  in  reciprocal 
ohms. 

ResulU  o/Firti  Sniet  rf^  Bxptrimmts : 

CoucentratioD  of  solution  of 

metaisenioQS  sdd.                 fu  k. 

0-1755y  0  0556  85'2xl0-i» 

0  089iV  0  0656  24-8xl0-i» 

0'08652V  0-105  28*1x10-" 

Resulls  of  Second  Serins  of  Kxperimenis. — The  experiments  of  this 
series  were  made  with  m  sum  pie  of  puritied  arsenious  oxide  different 
from  that  employed  in  the  first  series: 

OQncontntion  of  scdntion  of 

metaiwniotts  acid.  h. 

0*195i^  0-0553  38-6x10-" 

0*086y  0-0654  23-9x10-" 

0  0542iV  0-0756  20-1  x  10-1° 

0-0385JV  00824  ie-9xl0-><> 

The  mean  value  of  the  above  results  is  26*5  x  10"^^  a  number 
considerably  smaller  than  that  obtained  by  Zawidxki,  although  still 
greater  than  that  arrived  at  by  the  saponification  method. 

Probably  this  discrepancy  may  be  explained  by  the  arsenious 
oxide  still  containing  a  small  quantity  of  conducting  impurity  ;  the 
fact,  however,  that  very  similar  values  for  k  were  obtained  in  the  two 
series  of  experiments  shows  that  the  amount  of  this  impurity  must 
have  been  very  smalL  The  diffictilty  of  removing  the  last  traces  of 
impurity  from  a  substance  has  been  noticed  by  Johnston  (compare 
Walker,  Proc.  Roy,  Soc.t  1904,  74,  278)  in  the  ease  of  asparagine,  the 
dissociation  constant  of  which  is  of  similar  magnitude  to  that  of 
arsenious  acid.  Moreover,  no  attempt  was  made  to  exclude  air  from  the 
cell.  Had  this  been  done,  as  in  the  case  of  Walker  and  Cormack's 
experiments  with  weak  acids  (Trans.,  1900,  77,  5),  the  discrepancy 
beLweun  the  results  obtained  by  the  two  methods  might  have  been 
smaller.  Comparing  the  results  obtained  by  the  author  with  those 
arrived  at  by  Walker  and  Cormaok  {loc.  cit.)  and  allowing  for  the 
difEerence  in  temperature,  arsenious  acid  is  found  to  be  of  about  the 
same  strength  as  boric  acid. 
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Aluminium  HydraxioU. 

ThU  oompoand,  like  arsenioas  hydroxide^  is  of  an  amphoterie  nature. 
The  two  substances  are,  however,  of  distinctly  different  types,  for, 
whereas  with  the  arsenioos  hydroxide  it  is  the  acid  properties  which 
are  the  more  highly  deyeloped,  in  the  case  of  the  alumininm  hydroxide 
it  is  the  basic  properties  which  are  tbe  stronger.  Another  important 
difference  between  the  compoonils  is  in  their  behaviour  towards  water, 
in  which  aluminium  hydroxide  is  practically  insoluble.  This  fact 
considerably  increases  the  difficulty  of  investigating  the  amphoteric 
nature  of  the  compound,  and  also  renders  it  impossible  to  determine 
its  conductivity. 

ii^iiintntimi  ffffdnmds  tUgmrdsd  a  a  Btue, — It  is  a  well- 
known  fact  that  the  aluminium  salts  undergo  hydrolysis  in 
aqueous  solution,  and  it  was  therefore  evident  that  one  method  of 
arriving  at  a  knowledge  as  to  the  basic  constant  of  the  hydroxide 
would  be  by  the  determination  of  the  amount  of  this  hydrolysis.  For 
this  purposte,  a  oonceDtrated  aqueous  solution  of  aluminium  chloride 
was  prepared  and  slowly  evaporated  io  a  vacuum  over  sulphuric  acid. 
The  crystals  of  pure  aluminium  chloride  ultimately  obtained  were 
washed  with  distilled  water,  and  a  solution  then  prepared.  The  con- 
centration of  ihis  .solution  was  determined  by  estimating  the  chlorine 
%y  Volhard's  method.  The  velocity  with  which  this  solution 
hydrolysed  uietliyl  formate  at  25°  was  then  determined,  and  comp  ared 
with  the  velocity  obtained  using  iVjlOO  hydrochloric  acid.  The  use  of 
methyl  formate  in  such  experiments  has  been  suggested  by  Goldschiuidt, 
and  it  was  employed  in  the  present  case  in  preference  to  methyl 
acetate  because  tiie  reaction  proceeds  with  much  greater  velocity  than 
is  the  case  with  the  latter  substance.  It  might  be  anticipated  that, 
owing  to  the  dissociation  constant  of  formic  acid  being  much  greater 
than  that  of  acetic  acid,  the  use  of  methyl  formate  under  the  con- 
ditions of  the  experiment  would  be  inadmissible.  Preliminary 
experiments  showed,  however,  that  by  reducing  the  ratio  of  ester  to 
solution  this  ditliculty  was  eliminated.  In  the  actual  experiments, 
200  c.c.  of  the  solution  were  mixed  with  1  c.c.  of  methyl  formate. 
The  following  results  wore  obtained  : 

With  y/lOO  hydrochloric  acid,  velocity  of  reaction  =  0*000661. 
With  aluminium  chloride  (01*0*1127^)*  velocity  of  reaction 
»  0-000100. 

It  is  therefore  evident  that  the  concentration  of  the  hydrochloric 
add  present  in  the  solution  of  aluminium  chloride  was  O'OOlSiT. 

The  amount  of  hydrolysis,  that  is»  the  percentage  of  the  aluminium 
chloride  existing  either  as  hydroxide  or  basic  chloride,  is  dependent  on 
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(he  mode  of  decompositioii  of  alaminittm  chloride  by  w»ter.  A.s  will 
be  fleen  from  the  following  eqoaiioiis,  this  deoompoetiion  oan  take  pUoe 
in  three  wayty  namely : 

AlClg  +  HoO  =  Al(0H)Cl2  +  HCl  (I) 
A1C18  +  2H,,0  =  A1(0H)2C1  +  2HC1  (2) 
AlCl,  +  3H,0  -  Ai(OH),    +  3HC1  (3). 

It  is  evident  that  the  ratio  between  the  amount  of  aluminium 
chloride  deoompoied  and  the  quantity  of  hydrochloric  add  liberated, 
measured  by  the  hydrolysis  of  methyl  formate,  is  different  in  these 
three  reactions.  Therefore^  according  as  to  whether  the  mode  of 
decomposition  is  represented  by  equation  (1),  (2),  or  (3),  the  amount  of 

hydrolysis  of  the  aluminium  chloride  wUl  be  ^^J^y^,  JrofrJ 

or  q!^2 27  X  8  ^^V^^^^^^J*  that  is,  4  per  cent.,  2  per  cent.,  or  1*33 
percent. 

It  is  diiBcttIt  to  say  which  equation  accurately  represents  the  change 
taking  placo,  for  no  decomposition  product  can  be  separated  and 
analysed.  It  may  oven  be  the  case  that  a  mixture  of  basic  compounds 
is  present  in  the  solution,  in  which  case  no  single  equation  would 
represent  the  reaction.  Now,  considering  the  ionisation  of  aluminium 
hydroxide,  it  is  to  be  expected  that,  following  the  general  rule,  there 
will  be  a  great  disparity  in  the  strengths  of  the  three  bydroxyl  ions, 
the  first  being  much  stronger  than  the  second,  and  the  second 
stronger  than  the  third.  It  is  by  virtue,  first  of  all,  of  the  weakest  of 
these  hydi'oxyl  ions  that  hydrolysis  of  the  chloride  takes  place, 
leadiug  to  tho  formation  of  the  basic  chloride,  Al(0H)Cl2.  As  the 
amount  of  hydrolysis  is  only  small,  it  seems  probable  that  the  action 
stops  here  and  that  no  more  liighly  basic  compound  is  ])roduced.  On 
theoretical  grounds,  therefore,  it  seems  probable  that  the  roacLiou 
taking  place  during  the  hydrolysis  of  aluminium  chloride  is  re- 
presented by  equation  (1). 

With  the  object  of  gaining  further  knowledge  on  this  subject, 
experiments  were  made  in  which  freshly-precipitated  aluminium 
hydroxide  was  shaken  with  hydrochloric  acid  of  varying  concentration. 
Equilibrium  was  attained  after  several  days'  shaking,  the  solution 
obtained  by  filtering  off  the  undissolved  hydroxide  showing  no  change 
of  composition  even  when  the  shaking  was  prolonged.  In  nearly  the 
whole  of  the  experiments,  the  ratio  of  atoms  of  aluminium  to  atoms  of 
chlorine  lay  between  1  : 2  and  1  :  3,  but  the  results  of  different  series 
of  experiments  were  not  strictly  concordant.  It  was  thought  that  the 
lack  of  uniformity  in  tho  results  might  possibly  be  explained  by  the 
presence  in  the  various  solutions  of  varying  amounts  of  colloidal 
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aluminium  hydroxide.  It  is  well  known  that  substances  ia  colloidal 
solution  are  frequently  |  recipitated  on  the  addition  of  ammonium 
sulphate,  and  the  experiment  was  tried  of  adding  varying  amounts  of 
that  salt  to  the  solutions  obtained  as  described  above.  No  change  in 
the  composition  of  the  solutions  resulted  from  saoh  additions,  and  the 
addition  of  barium  sulphate  to  the  solution^  as  suggested  by  Fischer 
{Zeitteh,  anorg.  Cheni  y  1904,  40,  39),  was  also  without  effect.  It 
seems  probable,  therefore,  that  all  the  aluminium  was  present  in  a 
state  of  true  solution,  and  that  the  slight  variations  in  the  composition 
of  such  solutions  are  due  to  their  containing  the  normal  and  basic 
aluminium  chlorides  in  varying  proportions,  the  variation  being 
possibly  due  to'some  slight,  but  undetected,  difTerenoesin  the  conditions 
of  the  experiments.  The  composition  of  the  mixture  being  of  a 
variable  nature,  no  deductions  as  to  the  hydrolysis  of  aluminium 
chloride  can  be  drawn  from  the  analysis  of  the  mixtures  obtained  in 
different  experiments. 

It  would  therefore  appear  to  be  probable  that  in  a  solution  of 
aluminium  chloride  containing  0*0875  molecule  of  salt  per  litre,  the 
hydrolysis  at  25°  amounts  to  about  4  per  cent.  As,  however,  the 
mode  of  hydrolysis  cannot  be  experimentally  proved  to  take  place 
according  to  the  equation  AlOlj  4-  H,0»  Al(0H)0l3+ HOI,  no  attempt 
was  made  to  determine  the  basic  constant  of  aluminium  hydroxide 
from  the  amount  of  hydrolysis. 

AhvmxMium  Ayditwad^  BagmrM  as  an  AM, — The  fact  that 
alumina  can  play  the  part  of  an  acidic  oxide  is  eyident  from  the 
existence  of  such  minerals  as  spinel  and  chrysoberyl,  and  from 
the  possibility  of  obtaining  solid  alkaline  aluminates  frqpi  the 
sola^ons  of  aluminium  hydroxide,  and  also  of  metallic  aluminium  in 
solutions  of  theeaustie  alkalis.  In  the  majority  of  chemical  text- 
books, the  compound  formed  when  either  aluminium  or  aluminium 
hydroxide  Is  dissolved  by  a  solntion  of  sodium  hydroxide  is  assigned 
the  foimala  Na^AlOi.  The  results  obtained  by  the  author,  however, 
point  to  the  substance  being  really  the  metaluminate,  NaA102.  The 
naturally  occurring  salts  are  also  metaluminates,  for  example, 
Mg(AlO,)„  ZoCAlOj),,  Be(A102V  Moreover,  by  the  addition  of 
calcium  d&ioride  to  a  solntion  of  sodium  aluminate,  a  precipitate  is 
obtained  which  consists  of  calcium  metaluminate,  Ob(AXO^^.  It  seems 
probable,  therefore^  that  the  compounds  in  which  sJumina  acts  as  an 
acidic  oxide  are  generally  salts  of  an  acid  of  the  formula  HAIO,, 
although  under  certain  conditions  it  may  be  possible  to  prepare  ortho- 
salts.  The  conclusion  is  in  complete  agreement  with  that  arrived  at 
from  general  considerations.  It  is  well  known  that,  in  the  case  of 
weak  polybaaic  acids,  it  is  the  first  hydrogen  atom  to  which  most  of 
the  acidity  is  due.    The  same  course,  it  may  be  expected,  will  be 
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followed  in  the  case  of  alumiuium  hydroxide,  which  is  an  extremely 
weak  acid.  Practically  the  whole  of  the  dissociation  will  be  into  the 
ioDS  H  and  AlOgH^,  or  A102,H20,  so  that  the  stable  salts  will  be  those 
oontaimng  one  equivalent  of  metaL 


Actum  of  Sodium  Hydroxido  on  AluminiuM. 

Aluminium  powder  was  added  to  an  aqueous  solution  of  pure 
sodium  hydroxide,  the  mixing  taking  place  in  a  large  tlask  made  of 

resistance-glass  "  and  fitted  with  a  soda-lime  tube  so  as  to  protect 
the  contents  of  the  tiask  from  atmospheric  carbon  dioxide.  A  vigoroufi 
reaction  soon  commenced,  the  mixture  frothing  considerably.  After  a 
short  time,  the  frothing  ceased  end  any  further  action  which  took  place 
proceeded  very  quietly.  In  several  oases,  in  order  to  ensure  equilibrium, 
the  alkali  and  metal  were  left  in  contact  for  several  days,  but  the 
results  obtained  in  those  experiments  were  no  different  from  those 
given  by  experiments  in  which  the  contact  between  alkali  and  metal 
was  of  only  a  few  hours'  duration.  The  mixture  was  then  filtered  and 
the  filtrate  analysed,  the  aluminium  being  determined  by  precipitation 
with  ammonium  chloride,  and  the  alkali  by  boiling  with  ammoniom 
chloride  and  estimating  the  ammonia  evolved : 

Results  of  A  nal y 868. 

NaOn  i>er  litre         AI0O3  per  litre 
of  solution.  of  solutiou.        Mols.  of  XaOII :  mols.  of  Al^Oj. 

A.  11*04  12'S2  S-28:l 

B.  10-78  11-00  2-31:1 
CC          18-36                    20  04  2*34:1 

It  will  be  observed  that  in  every  case  the  solutions  contained  rather 
more  alkali  than  was  necessary  to  convert  the  aluminiom  into  sodium 
metalnminate,  the  results  obtained  being  quite  incompatible  with  the 
formation  of  an  ortho-salt.  A  slight  excess  of  alkali  over  the  amount 
required  to  form  the  metalnminate  is  to  be  expected,  because  of  the 
partial  hydrolysis  of  the  salt^ 


Equilibrium  heivoten  Aluminium  Hydroxide  and  tSodium  Hydroxide. 

In  order  to  gain  some  idea  as  to  the  constitution  of  the  salt  formed 
when  aluminium  hydroxide  dissolves  in  a  solution  of  sodium  hydroxide, 
a  solution  of  aluminium  sulphate  of  known  strength  was  added  to 
ilT-sodium  hydroxide  until  a  dight  permanent  precipitate  was  obtained. 
For  20  0*0.  of  ilT-sodium  hydroxide,  a  volume  of  aluminium  sulphate 
solution  equivalent  to  0*2458  gram  of  alumina  was  required  to  give  a 
faint  pemanent  precipitate.    Of  the  sodium  hydroxide  present. 
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0*5784  gram  would  be  required  to  precipitate  tlie  aluminium 
hydroxide,  leavinp:  0  *221 6  gram  to  dissolve  the  latter.  From  these 
figures,  we  obtain  the  ratio : 

Mols.  of  sodium  hydroxide  :  MoU.  of  almniniam  hydroxide »  2*30  : 1. 

It  will  be  observed  that  the  result  is  iu  complete  agreement  with 
those  obtained  when  metallic  aluminium  was  dissolved  in  sodium 
hydroxide,  and  shows  that  in  this  case,  also,  the  salt  in  solution  was 
the  metaluminate. 


Btliavwur  of  SohUiom  qf  Sodium  Metaluminate, 

The  solutions  prepared  by  the  action  of  sodium  hydroxide  on 
aluminium  powder  were  com p  natively  stable  at  the  ordinary 
temperature,  aluminium  hydroxide  being  deposited  very  slowly.  On 
heating,  however,  decomposition  took  place  much  more  rapidly.  In 
the  case  of  solution  A  (see  p.  ■420),  after  heating  for  two  hours  on  the 
water-bath,  the  ratio  of  molecules  of  alkali  to  molecules  of  aluminium 
hydroxide  had  increased  from  2-28  to  3  63.  It  apjioared  as  if  a  state  of 
equilibrium  had  been  attained,  for  no  further  deposition  of  aluminium 
hydroxide  took  place  when  the  liquid  was  re-heated.  The  fact  that  a 
state  of  equilibrium  could  be  reached  in  this  way  suggested  that  the 
method  might  be  made  use  of  to  determine  the  degree  of  iiydrolysis  of 
sodium  metaluminate.  The  principle  of  the  method  is  really  that  of 
the  jjiwonherz  solubility  method.  In  the  I^owenherz  method,  the 
Iiydrolysis  constant  of  the  salt  is  calculated  bj  means  of  the 
equation : 

Acid  X  Base 

 Salt         '  oonstaBt. 

The  same  equfttion  will,  of  course,  hold  good  in  tho  cm  of  sodium 
metaluminate,  but  the  concentration  of  the  acid  cannot  be  directly 
determined,  the  solubility  of  aluminium  hydroxide  in  water  being  too 
small  to  permit  of  direct  determinations  being  made.  By  equating 
the  results  of  two  equilibrium  experiments,  however,  it  is  possible  to 
obtain  a  theoretical  value  for  the  solubility  of  metaluminic  acid,  and 
therefore  to  calculate  the  value  of  the  hydrolysis  constant. 

If  X  is  the  concentration  of  metaluminic  acid,  a,  and  the  total 
concentrations  of  aluminium  as  determined  from  two  equilibrium 
experiments,  and  and  the  total  concentrations  of  alkali  in  the 
same  two  experiments, 

then        '^^L  ^^^^  "  constant  and  ^^^'J-  -"^-^  ■  constant. 
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The  coutantB  being  (he  same  in  the  two  eaaes,  the  left-hand  ddes  of 
the  equations  may  be  equated,  giving : 


Weight  of  NaOH 
perUtra. 

a,  1008 

b.  18-36 
C.  9  00 
A  5-56 


a;(6|  -g^  +«) 


Mola.orHA10b. 

0139 
0  213 
0180 
0-0955 


whence  x  -i  "A'^A 


By  sabetituting  this  value  of  x  in  either  of  the  original  equations, 
the  nnmerical  value  of  the  hydrolysis  oonstant  is  found,  and,  knowing 
this,  it  is  possible  to  calculate  the  amount  of  hydrolysis  which  would 
take  place  in  a  eolation  of  any  concentration* 

The  following  results  were  obtained  on  analysing  solutions  of 
sodium  metalnmiDate  which  had  been  heated  on  the  water-bath  nntil 
equilibrium  was  attained : 

Weight  of  AljO, 

per  litre.  Uola.  of  NaOH. 

7  10  0-252 
10-86  0-459 
6  65  0-225 
4-87  0*188 


From  the  above  results,  taking  them  in  pairs,  the  value  of  the 
hydrolysis  constant  was  calculated,  and  from  that  the  amount  of 
hydrolysis  which  would  take  place  in  a  decinormal  solution  of  sodium 
metaluininate  was  determined.  The  following  were  the  figures 
obtained : 

From  (a)  and  (6)         59*5  From  (b)  and  (c)  60*6 

„    (a)  „  (f)         63  4  „    ib)  „  id]  67-2 

(a)  ».  W        56  0  («)  „  (tf)        52  4 

Mesn  cs  58*0. 

The iil>ove figures  certainly  show  a  considerable  variation,  hut.  when  it 
is  remembered  that  a  very  slight  experimental  error  iias  a  large 
influent'e  on  the  value  of  the  hydrolysis  constant,  results  of  normal 
constancy  can  scarcely  be  expected.  Probably  no  appreciable  error 
will  be  committed  in  stating  that  a  decinormal  solution  of  sodium 
metal uminate  is  hydrolysed  to  the  extent  of  60  per  cent,  at  100°. 

Similar  equilibrium  exporimonts  were  carried  out  at  25^.  In  these 
experiments,  e  juilibrium  was  attained  very  slowly,  a  period  of  about 
four  weeks  being  necessary  for  the  solutions  to  attain  constancy  of 
compo^tion.    The  following  results  were  obtained  : 

Ifola  of  KaOH  Uola  of  H  AIO.. 

a,  0-249  0*0616 

0-343  0-0829 
C  0-Z28  0-0568 
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Am  before,  the  amount  of  hydrolysis  in  a  decinormal  solution  was 
calculated  and  the  following  values  were  obtained  : 


Mean  =  35-2 

A  decinormal  solution  of  sodium  mctaluminate  is  therefore 
hjrdrolysed  to  the  extent  of  35  per  cent,  at  25°. 

Now  the  hydrolysis  constant  =  Kjka,  where  K  is  the  dissociation 
constant  of  water  and  that  of  metaluminic  acid.  The  value  of  the 
hydrolysis  constant,  assuming  a  decinormal  solution  to  be  85  per  cent, 
hydrolysed,  is  0-0188,  whilst  A' at  25°=  12  x  lO'i*. 

Fram  these  figures,  it  is  found  that  the  acidic  dissooiatiott  oonstant 
of  aluminium  hydroxide  (i^)  has  a  value  of  6*3  x  10'^^ 


The  solubility  of  arsenious  oxide  in  hydrochloric  acid  first  diminishes 
as  the  coucontratioii  of  the  acid  increases.  A  minimum  is  reached 
when  the  acid  has  a  concentration  of  about  3  2iV.  Beyond  this  point, 
a  further  increase  in  the  concentration  of  the  acid  causes  an  increase 
in  the  solubility. 

Arsenious  hydroxide  is  a  very  feeble  base,  the  basic  constant  being 
of  the  dimensions  of  1  x  10"^*.  The  acidic  constant,  as  found  by  the 
saponification  method,  has  a  value  of  6*3  xlO"^^,  and  a  decinormal 
solution  of  sodium  metarsenite  is  hydrolysed  to  the  extent  of  1  -4  per 
cent  at  25^.  The  dissociation  constant  of  arsenious  acid  as  found  by 
the  conductivity  method  has  a  value  of  26*5  x  10"^*^. 

Aluminium  hydroxide  is  a  weak  base.  The  chloride  is  hydrolysed 
to  the  extent  of  about  4  per  cent,  at  25*^,  and  is  probably  transformed 
into  a  basic  chloride  having  the  formula  Al(0H)Cl2.  Sodium 
metaluminate  in  decinormal  solution  is  hydrolysed  to  the  extent  of 
about  35  per  cent,  at  25^,  the  acidic  constant  of  aluminium  hydroxide 
being  6-3x10-". 

UjnvBisrrr  CeuaoB, 
Duimn. 
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XXXIX.  ^^Inomalous  Behaviour  of  the  Hydrogen' 
Electrode  in  Solutions  of  Lead  Sails,  and  the 
Existence  of  Univalent  Lead  Ions  in  Aqueous 
Solutions, 

By  Henry  GtioRpc  Demi  am,  ^r.  A.,  ^f.Sc,  and  Aethub  John 

Allmand,  M.Sc. 

Ah  attempt  was  made  to  measure  the  hydrolysis  of  lead  salts  by  the 
elecstrometric  method  described  by  one  of  ns  (Trans.,  1908,  93,  41). 
Solutions  of  lead  ehloride,  sulphate,  and  acetate  were  ezperimeAted 
with,  but  in  every  case  it  was  noticed  that  the  electrode  did  not  attain 
a  steady  value  in  the  usual  time  (ten  minutes),  and  even  after  some 
hours  it  had  not  reached  a  value  such  as  would  be  expected  from  Ley's  * 
measurements  on  the  hydrolysis  of  lead  ohloride  by  the  inversion 
method  (ZstWt.  phyaikai,  CAsm.,  1899,  30,  193).  For  instonoe,  a 
solution  of  lead  acetate,  which  reacted  alkaline  to  litmus,  gave  after 
two  hours  a  h>  drogen-ion  concentration  of  the  order  lO'S  whereas 
one  would  expect  a  value  not  greater  thtn  10~^  In  faot^  the  value 
found  for  the  hydrolysis  was  in  all  cases  far  higher  than  was  expected. 

Two  po^ible  explanations  suggested  themseWes,  firstly,  the  separa- 
tion from  the  solution  of  a  metal  more  "  noble"  than  hydrogen,  and, 
secondly,  the  possibility  that  lead  itself  might  be  precipitated  on  the 
electrode  when  the  cm  rent  passed  in  such  a  way  that  the  hydrogeu' 
electrode  was  acting  as  a  cathode. 

The  hrst  poisibility  was  tlisproved  by  using  a  solution  of  very  pure 
load  chloride,  previously  boiled  with  lead  clippings,  to  remove  silver 
or  any  other  metals  more  "  noble  "  than  lead.  This  solution  behaved 
in  exactly  the  same  manner  as  the  others. 

The  pos.sibility  of  deposited  metallic  lead  causing  the  phenomenon 
was  disposed  of  by  two  experiments.  A  few  milligrams  of  metallic 
lead  were  deposited  on  a  hydrogeu-olectrode,  which  was  then  tested  in 
0*001  ^V-hydrochloric  acid  ;  the' potential  registored  showed  that  the 
lead  had  in  no  way  altered  tlie  cluiracter  of  the  electrode,  which 
behaved  exactly  as  an  ordinary  hydrogen-electrode.  Lastly,  an  experi- 
ment was  carried  out  in  which  the  hydrogen-electrode  always  acted  as 
anode,  but  preciselv  similur  re-ults  were  obtained. 

Although  tiie  above  experiments  conclusively  prove  tliat  lead  itself 
cannot  C4iuse  tlie"  phenomenon,  there  yet  remains  the  pos-sibility  that 
lead-platinum  alloys  may  be  formed,  iti  which  the  lead,  on  the  analogy 
of  the  osmotic  pressuie  of  mixed  crystals,  has  a  lower  solution 
pressure  than  that  of  pure  lead,  and,  perhaps,  of  hydrogen  itself,  ani) 
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hence  may  be  precipitated  as  alloy  by  the  latter.  But  it  waa  notioed 
that  the  potential  obtained  depended  on  the  velocity  with  which  the 
hydrogon  bubbled  through  the  solution;  the  quicker  the  stream  the 
lower  the  hydrogen  potential,  and  vice  versa.  Now  each  bubble  of  gas 
rose  from  directly  beneath  the  electrode,  conRequently  tbe  faster  tlio 
stream  of  gas  the  more  would  tho  surface  film  of  the  electrode  be 
disturbed.  This  suggested  that  the  action  Pb**  +  H  ^  Pb*  +  H* 
was  occurring  in  the  surface  film ;  the  faster  the  stream  of  gas  the 
more  quickly  would  the  free  acid,  produced  through  the  reduction  of 
bivalent  to  univalent  lead  ions,  be  carried  into  the  main  bulk  of  the 
liquid,  and,  hence,  the  lower  would  be  the  hydrogen  potential.  This 
consequence  was  tested  by  shaking  the  eloctrodo,  when  the  same  effect 
was  observed  as  on  increasing  the  velocity  of  the  gas,  and  also  by 
arranging  in  the  same  solution  two  electrodes  differently  situated  as 
regards  the  incoming  gas.  There  was  a  marked  difference  in  the 
potentials  recorded  by  these  electrodes,  that  directly  above  the  place 
where  the  gas  entered  giving  a  decidedly  lower  value  than  was  given 
by  the  electrode  which  was  further  removed  from  the  disturbing 
influence  of  tho  hydrogon.  Those  facts  are  sufficient  evidence  to 
disprove  the  formation  of  such  an  alloy  as  already  described. 

Thus  the  anomalous  behaviour  of  the  hydrogen-electrode  in  solutions 
of  lead  chloride,  sulphate,  and  acetate  seems  best  explained  on  the 
assumption  that  the  hydrogen-electrode  reduces  the  bivalent  to  a 
univalent  lead  ion  with  the  production  of  free  acid,  and  the  potential 
registered  is  that  of  the  surface  film,  rich  in  the  hydrogen  ion. 

The  existence  of  Pb'-ion  in  solution  has  not  previously  been  noticed, 
but  the  existence  of  lead  sub-oxide  (Pb^O)  has  been  rendered  tolerably 
certain  by  the  ezperiments  of  Tanatar  {ZtiUeh.  anorg.  Cheni.,  1901, 27, 
304),  recently  conllmied  by  Brislee  (Trans.,  1908,  93, 164). 

Tbe  discrepancy  observed  in  ibe  nse  of  tbe  copper  voltameter  bss 
been  definitely  proved  to  be  attribntable  to  the  formation  of  ouprouB 
•alte  in  solution.  Tbe  silver  voltameter  sbows  a  similar  bebavionr, 
and  Bose  (Mi$ek.  BkMroOmn^  1907,  18,  477)  bag  sbown  tbat  a  snb- 
valent  silver  ion  can  exist  in  solution.  To  test  the  possibility  of  a 
univalent  lead  ion,  tbe  metbod  described  by  Ricbards,  OoUins,  and 
Heimrod  (MUeh.  fk^mhal,  Ch§m.,  1900,  32, 381)  for  copper,  and  by 
Bose  (Isc  mi,)  tw  silver,  bas  been  used.  Tbis  is  based  on  tbe  fact  tbat 
tba  formation  of  ibe  sub-salts  of  copper  and  silver  is  attended  by  the 
absorption  of  beat.  On  heating  the  metal  in  contact  with  a  sdntion 
of  its  salt,  the  eqnilibriam  shifts  towards  the  sub-salt,  whilst,  on  cool- 
ing, the  process  raverses  and  metal  is  precipitated. 

Tbe  apparatus  used  is  shown  in  the  figure.  The  right  limb  contained 
a  column  of  pure  granulated  lead  surrounded  by  a  steam-jacket,  wbUst 
the  left  spiral  limb  was  kept  cool  by  a  stream  of  cold  water.  In  tbis 
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way,  a  ootutant  eurculation  of  the  soltttion  oontained  in  the  apparatus 
is  kept  up  by  the  differeDoet  of  density  oeoasioned  throogh  the 
diSereooe  in  temperature  between  the  two  limbs.  The  apparatus  con- 
tained a  1*3  molar-normal  solution  of  lead  aoelate  slightly  acidified 
with  aeetie  eeid.  After  a  few  days,  distinct  crystals  of  lead  began  to 
appear  on  the  glass  at  the  bottom  of  the  hot  limb,  and  these  grew 
steadily,  forming  quite  a  network  of  shining  crystals.  Nothing,  how- 
ever, appeared  in  the  cold  limb,  where  crystallisation  was  expected, 

but,  on  introducing  a  piece  of  load  into  the 
top  of  the  spiral  condenser,  well  detined  crystils 
soon  made  their  appearance  on  it,  and  tiiese 
steadily  increased  in  size.  This  proves  that 
the  solution  in  the  cold  limb  was  supersaturated 
with  the  univalent  ion,  for,  unless  crystallisa- 
tion is  started  by  introducing  a  piece  of  lead, 
no  crystals  appear  until  the  solution  reaches 
the  cold  end  of  the  column  of  lead. 

Although  the  crystals  obtained  in  the  cold 
limb  can  only  be  due  to  the  reaction  Pb" + 
Pb.  — >-  2Pb*  having  taken  place  in  the  liot 
limb,  and  being  reversed  in  the  cold,  still  it  is 
possible  that  the  crystals  at  the  bottom  of 
the  lead  column  were  due  to  a  weak  thermo- 
current  flowing  from  the  hot  solution  abov^e  to 
the  comparatively  cold  solution  at  the  bottom 
of  the  liral),  for  it  is  evident  that  the  solution 
would  not  immediately  attain  the  temperature 
of  the  jacket. 

This  possibility  was  tested  in  two  ways.  In 
the  first  case,  an  experiment  was  devised  in 
'  which  there  were  present  all  the  conditions  for 
such  a  thermo-electric  current,  but  the  cumu* 
lati  ve  effect  due  to  the  circulation  was  dispensed 
with.  The  apparatus  consisted  of  a  glass  tube 
sealed  at  one  end.  It  contained  a  rod  of  lead 
and  a  molar-normal  solution  of  lead  acetate, 
acidified  with  acetic  acid.  The  upper  part  of  the  tube  was  enclosed 
by  a  steam-jacket,  the  lower  was  at  the  ordinary  temperature.  All 
the  conditions  for  a  thermo-current  present  in  the  former  experiment 
are  satisfied  here,  but,  owing  to  the  want  of  circulation)  there  is  little 
chance  of  univalent  lead  ions  formed  in  the  upper  and  hot  portion 
diffusing  to  the  cold  end  in  sufficient  quantity  to  cause  any  marked 
crystallisation. 

At  the  end  of  a  week,  the  experiment  was  stopped,  and  the  rod  of 
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lead  ezamined.  At  the  junction  of  the  hot  and  cold  parts  of  tho  lead, 
a  very  little  spongy  lead  bad  been  deposited.  The  quantity  so  ob' 
tained  wks  far  less  than  that  in  the  former  experiment,  and  totally 
different  in  appearance.  Thus  it  is  definitely  proved  that  a  slight 
thermo-current  from  the  hot  solution  ubove  to  the  colder  beneath  does 
exist,  but  tho  lead  deposited  is  not  only  much  too  small  in  quantity 
to  explain  that  depo>itod  at  the  bottom  ot"  tho  lead  column  in  tiie 
"circulation"  experiment,  but  is  also  of  tlie  spongy  nature  with  which 
we  are  familiar  in  the  electrolysis  of  solutions  of  many  lead  salts. 

Moreover,  tho  thermo-electric  theory  was  again  disproved  by 
repeating  the  "circulation"  experiment  with  one  altered  condition  ; 
the  lead  column  was  broken  by  glass  l)eads  into  a  number  of  shcrb 
sections,  between  the  ends  of  which  there  could  be  no  appreciable 
difference.  Yet,  after  two  days,  crystals  of  lead  began  to  appear,  and 
in  a  short  time  formed  a  network  round  the  whole  of  the  bottom 
section.  Rapid  crystallisation  also  took  place  on.  a  piece  of  lead 
introduced  into  the  top  of  the  cold  condenser. 

We  are  therefore  justified  in  concluding  that  in  the  "  circulation  " 
experiments  the  whole  of  the  crystalline  lead  deposited  is  duo  to  the 
reaction  Pb"  +Pb  — >■  2Pb*  taking  place  in  the  hoti,  but  reversing  in 
the  cold,  and,  moreover,  the  presence  of  a  univalent  lead  ion  in  aqaeoos 
solution  haa  for  the  first  time  been  proved. 

iSunmarif, 

1.  The  hydrogen-electrode  cannot  be  used  to  determine  the  hydro* 
lysis  of  lead  salts,  owing  to  the  reduction  of  the  bivalent  to  the 
univalent  lead  ion. 

2.  A  solution  of  lead  acetate,  heated  with  lead,  forms  a  sttb-acetatOi 
and  this  is  attended  with  the  absorption  of  heat. 

3.  A  piece  of  lead  in  a  solution  of  lead  acetate,  which  is  maintained 
at  two  different  temperatures,  forms  a  thermo-cell,  the  current  flowing 
from  Lho  hot  solution  to  tlio  coM,  ami  causin;L'  the  deposition  of  traces 
of  spongy  lead  at  the  cold  end  of  the  column  of  lead. 

In  conclusion,  we  wish  to  take  this  opportunity  of  thanking 
Prof.  F.  G.  Donnan  for  the  interest  he  has  displayed  in  these 
experiments. 

Th*  MuspiiATT  Labokatoky  ok 
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XL. — Tke  Preparation  of  Conductivity  Waler, 

By  HAjaoi.i>  Hartley,  Kobman  Phillips  Cjlupbell,  and 
Beoinald  Holliday  Poolk. 

Afl  a  preUmiMry  to  some  work  on  dilute  aqnaoiiB  aolaUonSy  we  liATe 
inyestigated  the  effidenoy  of  a  number  of  different  iraje  of 
oondnetivity  water,  wil^  a  yiew  to  finding  a  troatwortliy  metliod 
which  gives  water  with  a  specific  oondoctiytty  not  greater  than 
1  gemmho  (1*0  x  10'^  reciprocal  ohms)  when  carried  oat  in  a  ehemicri 
laboratory  under  ordinary  conditions.  The  diiBculty  of  the  operation 
depends  eomewhat  on  the  quality  of  the  water  supply,  and  in  thia 
Mpect  Oxford  water  is  bad,  as  it  is  hard  and  gives  carbon  dioxido 
on  distillation. 

With  the  still  described  bdowt  we  have  no  difficnlty  in  making 
two  and  a-half  litres  of  water,  gemmho,  and  three  more 

titles  of  fairly  good  water,  Kjg=  15  gemmhos,  in  a  single  dtsttllation 
of  ordinary  distilled  water,  carried  out  in  a  laboratory  without  any 
special  precautions  to  keep  the  air  free  from  impurities. 
•  The  present  form  of  the  apparatus  is  the  outcome  of  a  number 
of  suggestions  gathered  from  other  laboratories,  and  it  has  no  claims 
to  originality.  We  are  greatly  indebted  to  Professor  James  Walker 
for  valuable  advice  which  solved  most  of  our  difficulties,  to  Mr. 
Bousfield's  paper  which  suggested  to  us  the  form  of  the  condenser, 
aiid  also  to  Dr.  Lowry  and  to  Mr.  J.  J.  Manley. 

The  general  plan  of  the  apparatus  is  shown  in  the  diagram  on 
p.  429. 

The  boiling  vessel,  J,  is  of  copper  or  tinned  iron,  holding  about 
ten  litres.  From  A,  the  steam  pa.s>e5.  through  the  glass  trap,  J7,  where 
Riiy  dust  is  stopped  by  the  glass  wool,  IF,  and  any  condensed  water 
escapes  at  I).  The  steam  then  passes  into  the  condensing  vessel,  C, 
which  is  made  of  the  best  tinned  iron.  The  condenser  tube,  2 ,  is  made 
of  block  tin,  soldered  through  the  lid  ;  it  is  cooled  internally  by 
a  stream  of  tap  water.  P  represents  baffle  plates  to  prevent  the 
steam  carrying  over  any  drops  of  liquid  containing  dissolved  matter. 
\Vat«r  condenses  on  2\  and  the  small  tin  cover  prevents  any  water, 
besides  that  condensed  on  the  block  tin  surface,  from  dropping  into 
the  tin  funnel  and  delivery  tube,  E.  The  waste  water  runs  away 
through  A*.  As  there  is  usually  a  small  pressure  of  steam  in  the 
apparatus,  it  is  neccs.^ry  to  attach  a  fine  capillary  tube  at  both  D  and  . 
It  to  prevent  the  steam  blowing  off.  The  form  of  attachment  shown 
in  the  diagram  prevents  the  capillary  being  blocked  up  by  particles 
of  dubt. 
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The  water  vs  collected  in  a  steamed-out  Jena  flask,  holding  three 
Utrea.  The  tin  delivery  tnbe  peaaee  throngh  a  piece  of  Jena  tubing 
in  the  rubber  oerk  of  tiie  flaskt  and  a  small  pteoe  of  rubber  tubing 
forms  an  air-tight  joint  between  them.  The  water  is  drawn  o£E  through 
a  syphon  of  Jena  tubing,  and  oonnezioa  between  the  flask  and 
the  air  is  made  through  the  soda-lime  tubOi  to  absorb  carbon 
dioside ;  the  small  flask,  K,  oontaina  moist  glass  wool  to  prevent  any 


(Sualo  I  natural  size.) 


soda-lime  dust  being  ciUiieJ  over.  By  this  moanf,  wlien  the  llusk  F 
is  once  attached,  the  interior  of  the  still,  coLileiiser,  aii'l  receiver 
is  eutirely  cut  off  from  direct  commimicatiou  with  the  air,  aud  tLo 
water  is  thus  protected  from  contamination. 

The  opeialiou  is  conducted  as  follows  :  Tl»e  boiling  ve.'idel  is  filled 
with  ordinary  laboratory  distilled  water  ('Cj^  — D  geminhos  approx.). 
For  the  first  half  hour  after  boiling  begins,  the  wnter  is  impure, 
haying  a  conductivity  greater  than  2  gemmhos;  thU  U  rejected. 
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After  half  an  hour,  the  large  flask,  h\  is  attached  to  the  delivery  tube, 
and  the  water  is  collected  for  two  hours ;  this  serves  to  wash  out  the 
ila&k  and  to  carry  into  solution  any  impurities  in  the  air  contained  in 
it.  These  two  litres,  which  have  Kjy=l*6to  1'7  gommhos,  are  then 
run  off,  and  during  the  next  three  hours  the  best  water  coUecte.  This 
usually  amounts  to  about  two  and  a-half  litres,  with  Kjg  =  0-75 
gemmho.  Tlie  flask  is  then  removed,  the  small  tube  quickly  closed 
with  a  rubber  plug,  and  the  water  may  be  kept  ready  for  use  without 
its  conductivity  inmasing  to  any  extent.  By  putting  another  flask 
ander  the  delivery  tube  at  this  stage,  another  litre  may  be  obtained, 
with  «|g  ^  1  gemmho  (approx.). 

The  results  of  three  days'  run  of  the  still  are  given  below.  On  two 
of  these  oocaaionB,  the  air  of  the  laboratory  was  eontaminated  badly 
with  add  fumes : 


Time  from  start  Quantity  of  Coodnctivity  of 

of  boiling.           frsction  ooUected.  fractioii. 

Hooia  Utraa.  Gemmhot. 

i  0*6  >20 

2\  2*0  1-7 

6i  875  078 

6i  1*0  1*0 

1  0-75  >2'0 

3  1-5  1-7 

(J  2-6  0-75 

7  10  1-3 

1  0-75  >2-0 

3  2*0  1-6 

5|  2-5  076 

»  1*0  0*9 


These  reenlts  show  that  the  middle  portion  of  the  distillate  has 
a  very  low  eonductivity,  and,  as  under  the  same  conditions  the  best 
water  comes  over  at  about  the  same  time  in  each  distillation,  it  is 
easy  to  know  when  to  start  collecting. 

In  the  still  described  by  Bousfield  (Trans.,  1905,  87,  740),  a 
condenser  of  similar  pattern  to  ours  is  used,  but  in  that  case  four 
condensing  tubes  of  hard  glass  are  kept  at  different  temperatures 
by  regulating  the  flow  of  the  water  through  them.  The  presence 
of  hot  tubes  was  thought  to  be  necessary  for  the  success  of  the 
operation.  But  as  at  least  four-fifths  of  the  impurities  in  gemmho  *' 
water  are  volatile  and  less  soluble  in  hot  water  than  in  cold,  the 
water  condensed  on  the  hotter  tubes  should  have  had  the  lowest  * 
conductivity.  As  a  matter  of  fact,  the  water  from  the  cold  tabes 
was  found  to  be  the  best.  After  a  number  of  experiments  with 
condensers  of  various  kinds,  it  seems  to  us  that  the  conductivity 
of  water  depends  very  largely  on  the  extent  to  which  it  is  ptotected 
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from  ftir»  and  we  attribute  the  difference  in  the  couductivity  of  the 
water  condensed  on  the  hot  and  cold  tubes  of  Bousfield's  apparatus  to 
the  difference  in  the  rate  of  condensation  in  the  two  caaeB.  The 
qoieker  the  water  condenses,  the  less  it  comes  in  contact  with  the  air, 
and  the  less  it  is  eontaminated  by  carbon  dioxide  and  ammonia. 

Bonsfield'B  still,  in  his  own  labovatory,  gave  water  of  ie|g«ari  to 
1*2  gemmhos;  if  potassiam  hydrogen  solphate  was  added  to  retain 
ammonia,  the  beat  results  were  ff|g>B0*96  to  I'l  gemmhos.  In  the 
laboratory  of  the  Oeutral  Technical  Collegei  at  South  Kensington,  the 
still  gave  water  with  a  oondoctivity  ie,g»l'7  gemmhoe.  The  results 
ofaiained  with  the  apparatus  described  in  this  paper  compare  very 
favourably  with  those  just  quoted,  and  the  method  has  the  great 
advantage  that  the  quality  of  the  water  is  not  affected  by  the  presence 
of  impurities  in  the  air  of  the  room  in  which  the  distillation  is 
carried  out. 

Physical  Chemistuy  LABon  vTOTty, 

BALLIOL  CuLLKQK  and  Till^'ITY'  COLLEUK, 

Oxford. 


XLI. — The  Foliation  of  4t'Pyrone  Compounds  from 
^  Acetylenic  Acids,    Fart  L 

By  SllOVBISD  BUBBMAHN. 

Ih  the  course  of  my  studies  on  the  esters  of  acetylenic  acids,  it  has 
been  shown  (Trans.,  1899,  76,  245,  411)  that,  in  the  presence  of 
sodium  ethoxide,  they  condense  with  jS^ketonio  esters  or  ^iketonesto 
form  2-pyrone  derivatives.  For  example,  ethyl  phenylpropiolate  reacts 
with  ethyl  acetoacetate,  thus : 

C6H4-C:C-C02Et  +  UH2(COCH8)-COjjEt  =  C^Hj,'C:CH-C02Et 

COoEfCII-CO-CHg 

c,ivc:cH — CO 

CO,EfC:C(OHj)-0    ^  ^a^e*^- 

This  reaction  led  to  the  knowledge  of  a  number  of  2-pyioiiio  com> 
pounds  which,  under  the  influence  of  ammonia,  were  tranaformed  into 
pyridine  derivatives. 

It  appeared  of  interest  to  examine  whether  ketones  with  the  group- 
ing 'CHj'CO'  would  react  with  the  esters  of  the  acetylenic  acids  in  a 


Digitized  by  Google 


ItUHEHANN :  TttB  PORUATION  OP  4-PrttONtt 


manner  bimilar  to  their  action  with  ethyl  oxalate,  and  yield  acetylenio 
/9-diketones : 


(R  and  B'  denote  hydroearbon  radielea.) 

From  preTions  work  on  the  befaaWonr  of  orgaaie  baaea  towards 
aoefylenio  compounds  (Kohemann  and  Stapleton,  Trans.,  1900,  77, 
239),  it  was  to  be  expected  that  such  diketones  wonld  condense  to  a 
fiye-  (I)  or  a  six-  (II)  membered  ring : 


It  has  been  found  that  such  a  process  actuallj  takes  place,  and  that 
the  acetylenic  diketones  which,  no  doubt,  are  first  formed  condense 
according  to  (II)  and  yield  4-pyrone  derivatives.  This  reaction  has 
been  applied  to  the  preparation  of  2-pheDyl-6*methyl-4-pyrone  (III) 


and  2 :  G-diphenyl-i-pyrone  (IV). 

Feist  {Ber.,  1890,  23,  8726)  s|iowed  that  the  latter  compound  is 
formed  from  dehydrobensoylaoetic  add  in  the  same  way  as  2 : 6-di- 
methyl-i-pyrone  is  produced  from  dehydracetio  acid.  The  desoripUon 
of  the  properties  which  he  gives  for  this  substance  differ  in  one  point 
only  from  my  obserrations.  Feist  states  that  the  pyrone  derivative 
dissolves  in  cold  concentrated  sulphuric  acid,  yield iug  a  colourless 
solution  which  exhibits  a  violet  fluorescence.  This  phenomenon  was 
not  observed  with  the  specimen  described  in  the  present  work,  but  its 
solutions  in  sulphuric  acid  or  in  boiling  concentrated  hydrochloric  acid 
are  yellow.  Oxonium  salts  are  thus  pivdueed,  which  are  decompoat  d  by 
water  into  the  acids  and  the  colourless  diphenyl-4-pyrone. 

The  hydroeliloride  of  2*phenyl-6-methyl-4-pyrone,  however,  is  not 
dissociated  by  water,  and  this  as  well  as  the  hydrochloride  of  the 
former  pyrone  derivative,  with  platinic  chloride,  yields  platinic  salts. 
The  fluorescence  of  the  solution  of  diphenyl-4-pyrone  which  Feist 
observed  is  probably  caused  by  the  presouce  of  a  trace  of  another 
compound  formed  together  with  the  pyrone  on  heating  dehydrobenzoyl* 
acetic  acid  with  concentrated  hydrochloric  acid.  Tliis  substance  is 
probably  identical  with  the  compound  which  is  produced  along  with 
the  pyrone  by  the  action  of  sodium  eihoxide  on  a  mixture  of  ethyl- 
phenylpropiolate  and  acetophenone,  and  which   dissolves  in  cold 


or 


(11.) 
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sulphuric  add  to  yield  a  riolet  aolutioii.  It  has  the  composition 
Gi^H^oOy  and  is  formed  thus : 

C^Hs'OlO-COjBt  +  2C^U .  CO'CHg  -  C.,,,U«o03  +  C..H^O. 

The  constitutioa  of  the  substance  may  bo  represented  by  the 
formula,  C„H5-CHrC0-C0-C(C0-C^Ty iqCHj^C.lI,.  Its  formation 
can  easily  be  explained  by  aasarning  that  the  acetylenic  ester  is  first 
tran!«iformed  into  the  acetylenic-yS-diketone,  which  subsequently  reacts 
with  a  second  molecule  of  acetophenonei  thus : 

CjHj-OSC-OO-CHj-COC.H,  = 

OeH4-0:U-00-C(CO-CeH5):C(CH,)-C^H5 + H,0, 

and  that  finally  the  water  is  added  to  the  acetylenic  grouping.  Prefer- 
enoe  is  gl^n  to  this  structure,  beoause  the  other  possible  f ormulm  do 
not  allow  of  an  ezplanatton  of  the  fact  that  the  compound  is  insoluUe 
in  either  sodium  carbonate  or  potassittm  hydroxide.  The  ^Mourrence 
of  this  substance  in  the  product  of  the  aetion  of  hydroehloric  add  on 
debydrobeozoylacetic  acid  can  readily  be  accounted  for. 


EXPBRIMBNTAL. 

This  substance  is  formed  on  adding  to  a  suspension  of  dry 
sodium  ethozide  (6*8  grams),  in  abeoluto  ether,  pure  acetone  (7 
grams ;  prepared  from  ito  bisulphite  compound),  and  then  gradually 
ethyl  phenylpropiolate  (17*4  grams).  The  mixture,  whidi  after  a 
short  time  seto  to  a  semi-solid,  is  kept  for  a  day  and  then  treated 
with  water,  when  the  solid  dissolves.  The  ethereal  layer,  which 
contains  only  a  very  small  quantity  of  a  red  dl,  is  separated 
from  the  aqueous  solution,  the  latter  is  mixed  with  an  excees  of 
dilute  sulphuric  add,  and  extracted  with  ether.  On  evaporation  of 
tlie  ether,  a  dark  oil  is  left  behind,  which  contains  phenyl propiolic 
acid  beddes  the  pyrone»  Without  removing  the  add  by  sodium 
carbonate,  the  oil  maybe  distilled  in  a  vacuum  ;  at  first,  carbon  dioxide 
is  evolved  and  phenylacotylene  passes  over,  and  then  at  220—225^ 
under  a  pre*suie  of  about  14  mm.  phenylmethyl-4-pyrone  distils  as 
a  yellow  oil  which  soon  solidifies.  The  compound  is  readily 
soluble  in  alcohol  ;  on  adding  water  to  this  solution,  an  emulsion 
is  prudiueJ  from  which  crystals  do  not  separate  eveu  on  being 
kept  for  a  day.  It  is  also  very  soluble  in  benzene  or  ether,  le^s 
so  in  cold,  but  readily  so  in  hot,  water;  it  dissolves  only  sparingly  in 
boiling  light  petroleum,  and,  on  cooling,  crystallises  in  colourless 
ue  -dies,  melting  at  87 — 88"^ : 
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0*2060  gave  0*5835  00,  and  0*1005  H,0.  C  » 77*25 ;  H-5*42. 
C^sHj^O,  requires  0  »  77*42 ;  H  «  5*38  per  cent. 

2-PA«»y^-6-fiMlAy^4-ji^yrofM  is  very  soluble  in  faydroehloric  acid, 
yielding  a  hydrodiloride  which  is  not  dissociated  by  wat^;  on 
adding  platinic  chloride  to  the  solution  in  hydrochloric  actd,  yellow 
needles  of  the  plaUniMmde  are  formed : 

0-2317  gave  0*0572  Pt.  Pt- 24*69. 

(CjoHioOj,),,HjPtClg  requires  Pt  =  24  88  per  cent 

Action  of  Acetop/iotione  on  EU^yl  FJuntflprqpiolate, 

Go  mixing  the  suspension  of  sodium  ethozide  (6*8  grams)  in 
dry  ether  with  acetophenone  (12  grams)  and  ethyl  phenylpropiolate 
(17*4  grams),  a  dark  red  coloration  is  produced.  The  mixture, 
after  being  kept  for  two  days,  is  poured  into  water,  and  the  ethereal 
solution  separated.  This  contains  the  compound  Oj^HjoOg,  which  is 
described  later.  The  aqueous  layer  is  acidified  with  dilute 
sulphuric  add,  and  extracted  with  ether.  On  evaporation  of  the  ether, 
a  brown  oil  remains  behind,  which  partly  solidifies  in  the  course  of  a 
few  hours.   The  solid  is  2 : 6-dipheDjl-4-pyrone, 

CgH5*(jJ:CH  CO 

It  is  freed  from  the  adhering  oil  by  the  aid  of  the  pump,  and  washed 
with  dihite  alcohol  until  it  is  almost  white.  The  substance  is 
moderately  soluble  in  cold,  readily  so  in  boiling,  alcohol,  and  crystallises 
from  dilute  alcohol  in  colourless  needles,  whioh  on  heating  behave  in 
the  manner  stated  by  Feist  {loc,  cil.)  ',  they  sinter?  at ^about  130°,  and 
melt  at  138— 139°: 

O-20G8  gave  0'6220  CO.,  and  0  0933  H.O.    C  =  82  02  ;  H  =  5  01. 

0-:3023    „    0-6096  CO.'  „   0  0891  H.'o.    C  =  82-18  j  H  =  4-89. 
O^jU^fi^  requires  C 82*22 ;  H  =  4  84  per  cent. 

It  has  already  been  mentioned  (p.  432}  that  diphenyl-4-pyrone  is 
soluble  in  concentrated  sulphuric  acid  and  yields  a  yellow  solution. 
The  solution  of  the  substance  in  hot  hydrochloric  acid  has  the  same 
colour  as,  indeed,  have  the  needles  of  the  hydrochloride  which 
separate  on  cooling ;  in  the  presence  of  water,  the  crystals  become 
colourless,  owing  to  the  dissociation  of  the  salt  into  the  acid  and  the 
pyrone. 

On  adding  platinic  chloride  to  the  solution  of  diphenyl-4-pyrone  in 
hot  hydrochloric  add,  orange  prisms  of  the  j>laHnid!dorid§  are 
formed : 

0-2625  gave  0  0562  Pt.  Pt  -  2 1  41. 

(Cj-li,^02)^,H2PtClj  requires  Pt- 21*47  per  cent. 
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The  eompound^  ^ss^ao^s*  ^^^o^  ^  eoutained  in  the  ethereal  eolution 
of  the  product  of  the  reaction  between  sodiiim  ethoxide,  aoetophenooey 
and  ethyl  pbenylpropiolate,  gradnidlj  separatee  before  the  ether  is 
evaporated,  and,  on  evaporation  of  the  ether,  is  left  behind  as  a  dark 
solid ;  on  washing  with  alcohol,  it  is  obtained  quite  white.  The 
substance  is  very  solable  in  chloroform,  less  so  in  cold,  but  readily  so  in 
hot,  benzene;  it  dissolves  very  sparingly  in  boiling  alcohol,  and,  on 
cooling,  slowly  crystallises  in  colourless  prisms,  melting  at  224°  : 

0-2055  gave  0  6136  CO^  and  0  1042  llfi.    C  =  81-43  ;  H  =  5-64. 
0-2003    „    0-5985  CO,       0  0984  H,,0.    C  =  8l-53  ;  H  =  5-46. 
C^H^Os  requires  C  »  81-52 ;  H. »  5-43  per  cent. 

The  sobetance  dissolves  in  cold  concentrated  sulphnric  acid,  yielding 
a  violet  solution;  it  is  remarkably  stable,  and  does' not  dissolve  on 
boiling  with  hydrochloric  acid  or  dilate  potassinm  hydroztdei  On 
heating  with  alcoholic  potash,  it  is  decomposed,  but,  besides  aoeto- 
phenone^  only  a  resinous  product  is  formed. 

I  am  engaged  in  the  farther  study  of  this  compound  with  the  view 
of  eacaniining  whether  the  formula  which  I  haice  suggested  (p.  433)  is 
correct.  I  propose,  also,  to  investigate  on  similar  lines  the  behaviour 
of  ketones  towards  diethyl  aoetylenedicarbozylate. 

GosviLLK  AMU  Caius  Collbob, 
Oambkipgb. 


XLII. — Heseardies  on  the  AtUhraquiiwnes. 

By  WiLLTAM  Hkhbt  BniTLBT  and  Orablis  Wbizmanit. 

Is  continuation  of  the  work  on  the  condensation  of  phtlialic  nrifl  and 
its  derivatives  with  the  mctliyl  ethers  of  hydioxy benzenes,  attempts 
have  been  made  to  prepare  in  this  manner  polyhydroxyanthracjuinones. 
With  this  object,  a  study  has  been  made  of  the  condensation  products 
of  (T)  phtlmlic;  anhydride  and  pyrogallol  trimethyl  ether  hemipinic 
anhydride  and  veratrole,  and  (III)  hemipinic  anhydride  and  pyro^lol 
trimethyl  ether. 

In  all  three  cases,  condensation  has  been  effected  by  means  of 
aluminium  chloride  in  presence  of  carbon  disulphide,  the  products  in 
tlie  iirst  two  reactions  being  the  corresponding  benzoylbenzoic  acid.  In 
the  third  reaction,  an  analysis  of  the  product  showed  that  one 
methoxy-group  had  been  replaced  by  the  hydrozy-group  : 
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(I)    C,U^<^J>0  +  C«H,(OMe),  =  CQ,H-C^H^-CO-C^H,(OMe)^ 

(11)    C,U,(OMe,)<^^0  +  Ce  H,(OiMo),  = 

C0^-CeH,(0MeVG0-CeH3(0Me}^ 

(III)    C^HalOxMe^X^O  +  C,H3(OMe)3 « 

GOsH*C«H^OMe),-CO*C«H,(OMe)«. 

The  jields  of  add  obtained  in  tbese  reaotions  are  far  from  latis- 
factory,  and  the  purification  of  the  products  is  somewhat  diffiealt. 
The  pure  aoidsy  however,  are  converted  with  fairly  good  yields  into 
anthraqninone  derivatives  by  wanning  with  concentrated  enlphnrio 
acid  in  presence  of  boric  acid,  bat  in  all  cases  the  condensation  is 
attended  by  some  de>methylation.  Thus,  the  adds  from  the  reactions 
(I),  (II),  and  (III)  yielded  respectively,  on  treatment  with  concentrated 
sulphuric  add,  (1)  dihydrozymonomethozyainthraqninone,  (2)  hydroxy* 
trimethozyanthniquinone,  and  (3)  trihjdroxydimethozyauUiraquinoBe. 

We  succeeded,  however,  in  the  case  of  tetramethozybensoylbensoio 
add  (IT)  in  effecting  the  condensation  without  loss  of  any  methozy- 
groups  by  employing  phosphoric  ozide  as  the  condensing  agent,  and 
obtained  tetramethozyanthraquinone  by  this  means. 

EXPBRIMBNTAL. 

2' :  3' ;  4'-(or  3' :  4' :  6'-)  Trinielliory  'l-benzoyWenzoic  Acid* 
COjH-C^H^-COCeH,(OMe)y 

Aluminium  chloride  (34  grams)  is  added  in  small  portions  at  a  time 
to  a  mizture  of  phthalic  anhydride  (37  grams)  and  pyrogallol  trimethyl 
ether  (42  grams)  in  carbon  disulphide  (500  cc),  and  the  whde  heated 
on  the  water-bath  for  twenty-four  hours. 

The  carbon  disulphide  is  then  removed,  and  the  residual  mass 
treated  with  a  large  quantity  of  ice  and  hydrochloric  add,  whereby  the 
add  is  obtained  as  a  black  oil.  After  distilling  in  steam  to  remove  all 
volatile  nmtter,  the  ml  is  washed  several  times  with  warm  water,  then 
dissolved  in  sodium  carbonate;  the  solution  is  boiled  with  animal 
charcoal,  filtered,  and  addtfied  with  hydrochloric  add,  when  the  add  is 
predpitated  as  an  oil  which  gradually  solidifies.  The  crystals  are 
drained  on  porous  porcelain,  and  purified  by  recrystallising  from  methyl 
alcohol  with  the  aid  of  animal  charcoal.  The  yield  is  very  poor,  and 
is  not  improved  by  substituting  light  petroleum  (b.  p,  120°)  for  the 
carbon  disulphido  : 

Found,  C  =  64-7  ;  H-5-4. 

CjyHjgOj  requires  C  «  64*6 ;  H  =  D  I  per  cent. 

*  For  nomenclatrnv  wt»  Tnuoa.,  1907,  9f,  1680. 


Digitized  by 


BE8EABCHB8  ON  TUK  ANTHRAQUINON£S.  437 


2' :  3' :  i^or  3' :  4' : b'')Trimtihox^bmizoifl'2'bmzoie  add  n  a  white, 
erystaUine  powder,  wbich  melts  at  169^  and  is  soluble  in  the  usual 
organic  solvents,  but  very  sparingly  so  in  hot  water. 

J)ihjfdraxifmith<My€mt/iraquin^  is  pro- 

dnoed  when  the  foregoing  acid  is  heated  with  concentrated  sulphuric 
add  to  140^  in  the  presence  of  a  little  boric  acid.  On  pouring  the 
product  into  ice-water,  a  brownish-yellow  predpttate  is  obtained, 
which  is  filtered  and  washed  with  boiling  water.  After  crystallising 
from  acetic  add,  it  is  obtained  in  bright  orange^Ioured  flakes  melting 
at  23(1— 336<> : 

Found,  C  =  661  ;  II- 4-2. 

Cj^Hj^O^  requires  C  =  66*6  ;  H  =  3'7  per  cent. 

The  presence  of  one  methozyl  group  was  confirmed  by  Zeisel's 
method: 

Found,OMe-ll*7. 

O^^HjO^'OMe  requires  OMe^ll'S  per  cent. 


Tetramethoxy- 2  - benzoylhemoic  A  cid, 
CO,H-CeH,(OMe),'OO*0eH,(OMe)^ 

This  acid  is  prepared  from  hemipinic  anhydride  (50  prams), 
veratrole  (30  •,'raras),  and  ahiminium  chloride  (50  gnims)  exactly  in 
the  same  manuer  as  the  preceding  acid.  It  separates  from  methyl 
alcohol  as  a  white  powder  melting  at  193 — 194°  : 

0-1328  gave  0-3030  CO.^  and  0  0647  H2O.    0  -  62*2  ;  H  =  6-4. 
CggHigO^  requires  C   62'4 ;  H  »  5*2  per  cent. 

This  add  dissoWes  in  sodium  carbonate  to  a  colourless  solution. 

It  readily  condenses  in  concentrated  sulphuric  acid ;  at  60^,  the  pro- 
duct obtamed  is  a  mioimihydinmifiinm/Bi^^  which  crystal- 
lises  from  acetic  acid  in  yellow  needles  melting  at  336^ : 

01128  gave  0-2695        ami  0  0458  H2O.    C  =  G51G  ;  11  =  4-51. 
CjyHj^Ojj  requires  0  =  64  97;  H  =  4'46  per  cent. 

The  substance  dissolves  in  sulphuric  acid  with  a  violet-red,  and  in 
alcoholic  potash  with  a  bright  red,  colour.  It  is  sparingly  soluble  in 
alcohol,  more  readily  so  in  acetic  add. 

TWmMiMf&CdeytmMra^utnoTM,  (OiMe)2'C,,H2<lp^>C,^H2(OMe)o,  is  ob- 
tained when  tetramethoxy-2-benzoy]l)enzoic  acid  is  mix»'d  witli 
phosphoric  oxide,  and  gently  heated  until  fusion  occurs.  Ti)e  pro- 
duct is  poured  into  water,  and  the  yellow  solid  washed  witli  hot  dilute 
sodium  h^drozid^  and  afterwards  with  hot  water  and  crystallised 
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from  acetic  acid,  from  which  it  separates  in  yelloir  needles  melting 
at  239": 

0-1171  gave  0-2824  CO,  and  0  0544  Ufi.    C  -  65  77  ;  H  =  6-16. 
GjgHj^O^  requires  Cs>65-85  ;  K-4'88  per  cent. 

The  snbstance  is  sparingly  soluble  in  alcohol ;  its  alcohoUo  solution 
gives  no  coloration  with  potassium  hydroxide.  It  is  soluble  in  concen- 
trated eulphuric  acid  with  a  violet-red  colour,  but  does  not  dissolve  in 
aqueous  potassium  hydroxide. 

Hydrorytetrameth ory  -  2  henzoy^btnzoic  Addt 
COjH'CeH^OMeVCO-CeH^OMe)  ,  OH  or 

CO^*a«H^OH)(OMe)*CO-O0H^OMo),. 

As  stated  in  the  iDtroduction,  the  condensation  of  pyrogallol 
trimethyl  ether  with  hemipinic  anhydride  takes  place  with  the  loss  of 

one  methoxy- group.  The  acid,  which  is  isolated  in  the  usual  way, 
crystallises   from   methyl   alcohol   in   minute  prisms,  which  melt 

indefinitely  at  190^: 

0-1290  gave  0-2818  CO,  and  0  0582  HoO.    C  =  59-68 ;  H-5-01. 
CjgHxsOa  requires  0   59-66 ;  H  -  4*97  per  cent 

HydroxytetramBthomf-t^bnuiai^^  dissolves  in  sodium  car- 

bonsto,  forming  a  yellow  solution.  It  gives  a  red  solution  with 
concentrated  sulphuric  acid,  which,  on  heating  to  about  140^,  changes 
to  violet^  due  to  the  formation  of  lr»&^c2roxyi{tms(Ac«ycmfAf«9iitnoiie : 
this  is  purified  by  recrystallisation  from  aeedc  acid,  from  which  it 
separatee  in  red  needles  melting  at  230^ : 

0-1115  gave  0  2476  CO,  and  0  0401  C-  60-56  ;  H-3-99. 

C„H„Oy  requires  C «  60  76  i  H «  3*79  per  cent 

The  substance  is  soluble  in  potassium  hydroxide  or  sodium 
carbonate,  forming  reddish-violet  solutions,  and  its  solution  ip  concen- 
trated sulphurio  acid  is  deep  violet   It  is  a  mordant  dye>stuff • 

Our  best  thanks  are  due  to  Messrs.  H.  Watson  and  P.  S.  MacMahon 
for  assistance  in  this  work. 

University, 

Manchester. 
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XLIII. — Organic  Derivatives^  of  Silicon,  Part  V, 
Benzylethylsilicone,  DH»enzyhilicone,  and  other 
Benzyl  cmd  Benzyhthyl  Derivatives  of  Silicane. 

•By  BoBEBT  BoBUOH,  RSo.,  and  Fbbobrio  Staklst  Kippino. 

The  silicones,  those  derivatives  of  silicon  analogous  to  the  ketones 
in  stiucture,  have  not  yet  been  very  carefully  studied,  and,  in  fact, 
only  a  few  compounds  of  this  type  have  hitherto  been  prepared. 

The  simplest  known  representative,  diothylsilicone,  Et.,SiO,  was 
obtained  long  ago  by  Friedel  {Ann.  chim.  phys.,  18GG,  [iv],  9,  5); 
diphenylsilicono,  PhjSiO,  has  been  described  by  Dilthey  {Ber.f  1905, 
38,  4132),  and  phenylethylsilicone,  PhEtSiO,  was  prepared  by  one  of 
us  a  short  time  ago  (Trans.,  1907,  91,  218). 

In  the  course  of  some  recent  experiments  (Kipping,  Trans.,  1907, 
91,  720),  it  was  found  that  benzylethylsilicon  dicbloride  could  be 
easily  obtained  in  a  pure  state ;  as  tin's  compound  is  decomposed  by 
water,  giving  benzylethylsilicone,  ]]zKt.SiO,  we  have  studied  the 
behaviour  of  this  silicone  in  order  to  ascertain  whether  it  shows 
any  similarity  to  the  corresponding  ketone.  We  may  say  at  once 
that  it  does  not ;  benzyl  ethyl  ketone  boils  at  226°  under  atmospheric 
pressure;  beozylethylsilicone  at  305 — 315°  under  a  pressure  of 
22  mm.  This  very  hi|;h  boiling  poiot  of  the  silicone  doubtless 
indicates  molecular  complexity,  and  the  results  of  ebullioscopic 
ezperiments  bear  out  this  indication,  the  values  obtiiined  in  acetic 
acid  and  in  aoetone  pointing  to  the  termolecular  formula  (BzEtSiO),, 
In  this  respeot,  benzylethylsilicone  resembles  diphenylsilicono  (Dilthey, 
loo,  tiL)l  dibenzylsilicone,  which  is  described  in  this  paper  (p.  452),  is 
also  represented  by  the  molecular  formula  (Bz^SiO),,  and,  judging  from 
its  high  boiling  point  (above  360°),  diethylsUioone  has  an  analogous 
molecular  complexity.  It  would  seem,  therefore,  that  silicones,  as  a 
class,  differ  fiom  the  ketones  in  readily  forming  comparatively  stable 
molecnkr  aggregates,  but  whether  the  latter  are  to  be  reguded  as 
oomposed  of  loosely  associated,  or  of  chemically  united,  molecules  we 
have  as  yet  no  satisfactory  evidence  before  us. 

This  assodationt  polymerisation,  or  union  of  the  simple  silicone 
molecules  is  probably  one  of  the  reasons,  but  not  the  only  one,  why 
in  other  resptBets  ako  the  silicones  show  no  relationship  with  tlM 
ketones ;  thus  we  find  that  benyslethylsiHcone  does  not  undergo  change 
when  it  is  treated  with  certain  reagents  which  reduce  ketones ;  we 
also  find  that  the  silieone  does  not  reset  With  hydrozylamine  or  with 
phenylhydraslne  when  treated  with  these  reagents  in  the  ordinary 
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way.  In  both  theie  oases,  it  is  possible  to  aocount  for  the  result  on 
the  assamptioQ  that  the  grouping  SilO  of  the  simple  silicone  does  not 
exist  in  the  associated  molecule,  but,  since  we  know  from  previous 
experiments  (Kipping,  loc.  cit.)  that  the  union  between  nitrogen  and 
silicon  is  dissolved  in  presence  of  water,  the  non -formation  of  an 
oxime  or  hydriizonu  may  not  be  in  any  way  determined  by  the 
association  of  the  silicone. 

Having  found  that  benzyletliylsilicone  did  not  react  with  the 
ordinary  ketonic  reagents,  we  attempted  to  prepare  its  sul phonic 
derivative.  As  a  number  of  derivatives  of  silicano  which  contain  a 
benzyl  group  undergo  sulphonation  very  readily,  whereas  those  con- 
taining phenyl  or  alkyl  groups  do  not,  it  seemed  extremely  probable 
that  in  all  the  former  the  sulphonic  group  displaced  hydrogen  of  the 
benzyl  nucleus;  this  conclusion  was  confirmed  by  the  fact  that  beuzyl- 
ethylsilicone  could  be  sulphonated  without  difficulty,  but,  unfortu- 
nately, the  salts  of  the  acid,  which  is  produced  as  the  main  product, 
did  not  crystallise  well. 

In  the  preparation  of  the  bonzylethylsilicon  dicbloride  which  was 
required  for  those  and  for  other  exiiei  imcnts.a  c  onsiderable  proportion  of 
an  oily  by-product  was  invariably  obtained  (Kipping,  loc.  cit.,  p.  721)  ; 
having  collected  a  large  quantity  of  this  oil  from  different  prepara- 
tions, it  seemed  worth  while  *  to  try  to  isolate  the  dibenzylethyl 
silicyl  chloride,  of  which  we  thought  the  product  was  mainly  composed. 
After  working  at  this  by-product  for  some  time,  we  realised  that  it 
was  a  far  more  complex  mixture  than  we  had  supposed,  and  ultimately 
we  found  that  it  contained,  in  addition  to  dibenzyl  and  some  stilbene, 
dibenzyletbylsilicyl  chloride,  dibenzylsilicon  dichloride,  tribensylsilicyl 
chloride*  and  other  compounds  which  were  not  identified. 

The  occurrence  in  this  mixture  of  dibenzylsilicon  dichloride  and 
of  tribenzylsilicyl  chloride  is  possibly  due  to  the  presence  of  silicon 
tetrachloride  in  the  ethylsilicon  trichloride  used  for  the  preparation  of 
the  ben/ylcthyl  derivative ;  as,  however,  ethylsilicon  trichloride  boils 
at  100°,  and  all  the  preparations  which  we  used  had  been  repeatedly 
fractionated,  employing  a  rod  and  disk  column,  it  hardly  seems 
likely  that  they  could  have  contained  silicon  tetrachloride  (b.  p.  58^)» 
at  any  rate,  in  quantity  sufficient  to  yield  any  afvpreoiable  proportion 
of  its  dibensyl  and  triben^l  derivatives.  It  seems  more  likely,  there- 
fore, that  the  observed  formation  of  theee  oomponnds  is  dne  to  the 
displacement  of  the  ethyl  by  a  bensyl  group  during  the  treatment  of 
the  etbyUiltoon  trichloride  with  magnesium  hensyl  chloride ;  such  a 
reaction  is  not  inherently  improbable,  and«  for  different  reasons 
altogether,  it  has  been  already  suggested  that  a  change  of  this  kind 
may  oeenr  (Kipping,  /oc  cU,,  p^  780). 

On  decomposing  with  watsr  some  of  the  impure  dibensylsilioon 
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dichloride  isolated  from  the  product  mentioued  above,  we  obtained  a 
cryBtalliDO  substance  melting  at  101°,  aud  the  results  of  the  examina- 
tion of  this  compound  led  us  to  conclude  that  it  was  a  hydrol  of  the 
formula  Bz2Si(OH)2.  The  only  reason  for  hesitation  in  coming  to 
this  conclusion  was  that  Dilthey  {loo.  cit.)  had  recently  de-^cribod  under 
the  name  dibenzylsilicol,  a  compound  to  which  he  assigned  the  formula 
Bz,Si(OH)g,  and  an  approximate  melting  point  of  7G^,  He  obtained 
this  compound  by  treating  silicon  tetrachloride  with  three  molecular 
propoitioiis  of  maj^rne^ium  benzyl  cliloride,  decomposing  the  product 
with  water,  and  then  crystallising  from  a  mixture  of  benzene  and 
light  petroleum,  rejecting  the  portions  melting  above  76°  which  con- 
tained tribenzylsilicol.  As  such  a  method  could  hardly  yield  a  pure 
substance,  as,  in  fact,  seemed  to  be  admitted  by  Dilthey  himself,  we 
thought  it  probable  that  his  preparation,  the  melting  point  of  which 
had  been  lowered  to  76°,  was  a  mixture  of  the  hydrol  and  tribenzyl- 
silicol.  Bat  as  Dilthey's  numerous  analyses  all  gave  results  agrf  eing 
with  those  required  for  the  hydrol  alone»  we  thought  it  advisable  to 
investigate  the  matter  further. 

Having  prepared  a  considerable  quantity  of  pure  dibenzylsiliooii 
dichloiide,  which  oryBtaUises  in  magnificent  transparent  prisms,  some 
of  this  preparation  was  decomposed  with  water ;  the  product  after 
recrystallisatiou  melted  at  101°,  and  was  identical  with  the  supposed 
hydrol  previous  I)  Itained.  Further  evidence  of  the  nature  of  this 
jffoduct  was  afforded  by  its  behaviour  when  heated  j  when  kept  at 
110**  for  six  hoars,  it  was  oonverted  into  dibensylsilioone,  a  crystalline 
oompound  melting  at  98^,  sad  quite  different  from  the  hydrol  in 
ontward  propMrties^  At  this  stagey  we  were  naturally  very  doabtfnl 
as  to  the  purity  of  Dilthey's  ^Mibensylsiliool"  melting  at  76%  but,  on 
attempting  to  prepare  a  farther  quantity  of  ketone  by  heating  the 
hydrol  (m.  p.  101^  at  110%  we  obtained  instead  a  sabetance  which  was 
not  dibensylsiUcone,  and  which,  after  repeated  reerystallisation, 
melted  at  aboat  76%  bat  not  sharply ;  this  compound  formod  well- 
defined,  transparent  prisms,  bad  the  appearance  a  pare  substance, 
and  on  analysis  gave  resnlts  agreeing  with  those  required  by  a  hydrol 
of  the  formula  B8|8i(OH)2.  Later,  this  hydrol  melting  at  76''  was 
obtained  directly  in  place  of  the  hydrol  melting  at  101^  by  de- 
composing dibensylsilicon  dichloride  with  water,  and  crystallising  the 
product  from  a  mixture  of  ether  and  light  petroleum.  It  seems  very 
probable  that  the  substuice  melting  at  76^  is  identical  with  Dilthey's 
dibensylsilicol  (m.  p.  76*^) ;  in  any  case,  since  our  experiments  show 
that  both  this  and  the  compound  melting  at  101®  have  the  molecular 
formula  Bz2Si(utl)j,  we  are  forced  to  the  conclusion  that  the  two 
hydrob  are  isomeria  Details  of  the  expetimental  evidence  leading  to 
this  conohision  are  given,  bat  it  may  be  stated  here  that»  In  addition 
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to  the  analyses  and  molecular  weight  determinations,  it  is  shown  that 
both  the  hydrols  may  be  converted  into  dibenzylBilioone  under  suitable 

conditions. 

In  spite  of  their  isomerism,  the  two  hydrols,  which  we  distinguish  as 
a  (m.  p.  101°)  and  /3  (m.  p.  75°),  differ  very  greatly  in  outward 
characteristics,  and  also,  in  one  noteworthy  respect,  in  chemical 
propertiee;  whereas  the  a-componnd  is  practically  unchanged  in  a  dry 
nusaum,  the  /3-hydrol  becomes  oily,  Cfwiog  to  loss  of  tlie  elements  of 
water ;  further,  although  we  have  never  succeeded  in  regenerating  the 
a-hydrol  after  it  has  onoe  lost  the  elements  of  water,  the  jS-hydrol  is 
readily  formed  again  on  exposing  its  oily  decomposition  product  to 
moist  air.  This  differenoe  seemed  to  indicate  a  possible  explanation 
of  the  observed  isomerism;  the  o-hydrol  might  be  regarded  as  a 

■  compound  of  the  structure  Bz^Si-^C^^,  and  the  /S-isomeride  as  uni- 

molecular  dibenzylsilicone  crystallised  with  one  molecule  of  water ; 
the  results  of  our  cryoscopic  experiments,  however,  do  not  lend  any 
support  to  this  view,  which,  after  all,  is  barelj  susceptible  of  clear 
definition,  and  np  to  the  present,  unless  we  consider  the  possibility 

that  the  /3-hydrol  may  have  the  constitution  Bz^SilOtCK^I^,  no  other 

explanation  has  suggested  itself.  That  examples  of  isomerism  among 
derivatives  of  silicon  containing  oxygen,  without  parallel  in  the  case 
of  corresponding  carbon  derivatives,  will  be  no  nnoommon  occurrence, 
seems  to  be  foreshadowed  by  these  results,  as  well  as  by  Dilthey's 
observations  on  the  probable  enstence  of  isomeric  termolecular 
diphenylsilioones  (loc.  cU.). 

There  are  several  points  in  connexion  with  these  hydrols  which 
have  not  yet  heea  very  satisfactorily  settled,  for  example,  the  fact 
that  neither  compound  gives  pure  ketone  when  it  is  heated  at  100^; 
it  is  hoped  that  this  and  other  matters  of  interest  will  be  cleared  up 
later,  the  .publication  of  our  results  in  their  present  state  being 
necessitated  by  unavoidable  circumstances. 

EXPJSBIMSNTAL. 

Benzyltihylailicom,  BzEtSiO. 

The  bensylethylsilioon  diohloride  employed  in  this  investigfttton  was 
prepured  by  tiie  method  recently  described  (Kipping,  Trans.,  1907, 91, 
720).  As  preliminsxy  experiments  showed  that  the  silicone  obtained 
from  it  would  not  he  easily  purified  by  distillation,  the  diohloride 
itself  was  very  carefully  frsetionatod,  and  the  portion  boiling  constantly 
at  169^  (100  mm.)  collected  separately.   Analyses  of  these  prepara- 
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tiooB  were  made  by  deoompodng  a  weighed  quantity  with  alcoholic  silver 
Ditiftie  eolution  in  the  manner  previomlj  deeoribed  (loe,  eU,,  p.  217) : 

Pfeparation  A  :  0*6376  gave  0*8188  Agd.  a -81*7. 
Praperation  B :  0*4786    »   0*6184  AgOl.  01-83  0. 

CgH  j^ClgSi  requires  01  -  d2'8  per  cent 

The  fractioDH  of  boiizylethylsilicon  dichlorido  boiling  just  above  1G9** 
contained  only  a  littlo  dibenzyl  as  impurity  ;  in  later  experiments,  the 
silicone  was  prepared  from  some  of  those,  and  the  dibenzyl  separated  by 
distillation  in  steam  ;  the  product  thus  obtained  was  scarcely  less  pure 
than  that  prepared  from  the  fractious  boiling  at  109°. 

Benzylethylsilicon  dichloride  is  rapidly  decomposed  by  water,  and  a 
considerable  rise  in  temperature  occurs.  The  oily  product  was  extracted 
with  pure  ether,  the  solution  washed  with  water,  dried,  and  evaporated. 
The  residue  was  a  colourless,  viscous  oil ;  it  was  left  for  some  time  in  a 
vacuum  over  sulphuric  acid,  and  then  analysed  with  the  iollowiDg 
results : 

0-3294  gave  01218  SiO,.  Si  17-3. 

01959   „   0-4668  00,  and  01291  H,0.    0-65-0;  H- 7*8. 
OyH|,OSireqiiireeSt-17*8;  0-66*7;  H-7'4  per  cent. 

Btnzylethylsilieom  is  insoluble  in  water,  but  misdble  with  ether, 
light  petroleum,  and  other  organic  solvents. 

When  the  silicone  is  distilled  under  reduced  pressure  (22  mm.), 
70 — 80  per  cent,  of  the  whole  passes  over  between  305°  and  315°,  but 
there  tlieii  remains  a  dark-coloured  residue  which  does  not  distil  at 
360'^ ;  on  redistilling  the  portion  collected  from  305 — .'>15°,  70  to  80  per"* 
cent,  again  passes  over  between  the  same  temperatures  as  before,  and 
again  there  remains  a  dark-coloured  residue  of  much  higher  boiling 
point.  Water  seems  to  be  formed  in  small  quantity,  and  on  opening 
the  flask  there  is  generally  a  very  strong  odour  of  benzaldehyde.  The 
distillate  is  nearly  colourless,  and  on  analysis  proves  to  bo  the  unchanged 
silicone,  whereas  the  residue,  which  is  very  viscousi  gives  a  higher 
percentage  of  silicon. 

The  following  results  were  obtained  with  the  distilled  benzylethyl^ 
silicone  : 

0-3508  gave  0  1292  SiOj.  Si  =  17-2. 

0-1582    „    0-3815  00^  and  0-1060  HjO.  0-66-8 ;  H-7*4. 
O^HuOSi  requires  Si -17*3)  0-65*7;  H-7-4  per/cent. 

Since  the  boiling  point  of  benzylethylsilicone  is  so  much  higher  than 
that  of  the  corresponding  carbon  compound,  benzyl  ethyl  ketone  (b.  p. 
2867760  mm.),  it  seemed  very  probable  that  the  molecule  of  the  former 
waa  highly  aeaooiated  and  nob  represented  by  the  simple  formula 
BsEtSiO.    Tliie  view  was  confirmed  by  molecular  weight  dotcrmina- 
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tions  made  by  the  ebullioBcopic  method.  Both  the  undistilled  and  the 
diHtilled  silicone  were  used,  but  the  two  preparations  gave  similar 
results : 


Solvant. 
Acetie  acid 

Acetone 


( 
{ 


Weight  of 

Weight  of 

Pcrceutagc 

subetanee 

wmnt 

con- 

in  grams. 

in  grams. 

oentration. 

A. 

Mol.  wt. 

0-374 

15-4 

2-8 

0-160" 

429 

0  761 

16-4 

4-7 

0  290 

441 

1-104 

16*4 

6-7 

0*868 

498 

0-248 

10-0 

2*4  ' 

0  093 

445 

0-626 

100 

6-0 

0193 

455 

0-806 

10  0 

8*2 

0  323 

463 

Solrent. 


Acetic  acid 


{ 


Weight  of 

Weight  of 

Percentage 

sub^anoe 

•olvent 

con- 

in  grama. 

in  grams. 

eentration. 

A. 

Mol.  wt. 

0*811  . 

10-5 

2*9 

0-180' 

416 

0*678 

10*6 

6-0 

0-856 

454 

1-016 

10-6 

8-8 

0-510 

480 

1*856 

10-6 

11-4 

0*666 

4»0 

As  the  formula  BzEtSiO  requires  a  molecular  weight  of  164  5,  it  seems 
clear  that  the  liquid  silicone  is  a  compound  of  complex  molecules 
(BzEtSiO)8. 

DipheDylsilicone,  according  to  the  observations  of  Uilthey  (Ber., 
1905,  38,  4134),  exists  in  two  modifications,  namely,  in  a  gelatinous 
form,  melting  at  105—1 10°,  and  in  a  crystalline  form,  melting  at  188°  j 
the  molecular  weights  of  these  two  substances  were  determined  by  him 
in  benzene  solutioD,  and,  whereas  in  the  case  of  the  latter  the  resulte 
indicated  a  termolecular  aaaociation  (Ph^SiO),,  iu  the  former  they  were 
apparently  not  conclusive,  although  pointing  to  a  similar  complexity. 
We  have  not  observed  the  formation  of  any  solid  form  of  benxylethyl- 
silioone  i  the  substance  has  been  kept  for  several  months  in  a  desiccator 
over  sulphuric  acid,  it  has  been  kept  for  a  long  time  at  0°,  and  also 
treated  with  a  drop  of  acetic  anhydride,  a  reagent  which  converts 
gelatinous  diphenylsilioone  into  the  orjBtalline  foirm,  but  without  any 
obvious  result. 

The  very  viscid,  brown  residue  which  remains  on  distilliog 
benzylethylsilicone  under  reduced  pressure  does  not  seem  to  be  simply 
another  form  of  the  silicone,  but  a  condensation  product ;  as  it  could 
not  be  purified,  wo  merely  determined  the  silicon  in  the  crude  substance 
and  carried  out  some  molecular  weight  determinations  with  the  follow- 
ing re«alts : 

0-3049  gave  0*1200  SiO,.   Si « 18*4. 
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Weight  of     Weight  of  Percentigf 


substance        solvent  con- 


Solveut 


ia  grams.       m  grams,  centratiou. 


Mol.  wt. 


Acetic  ftcid 


Acetone 


0-166* 
0*845 

0-355 


0  103 


628 

764 
711 


686 


Behaviour  of  B«nzyUUiyUUicoM  towards  Ketonic  Reagents. 

PheDylhydrazine  seems  to  have  no  action  on  bensylethylsilioone ; 
equal  qnantities  of  the  base  and  the  eilioone  were  warmed  together  at 
100^  for  two  hours,  and  the  two  snhrtanees  were  also  heated  together 
at  100^  for  two  hours  in  glacial  acetic  acid  solution.  In  each  case, 
after  shaking  the  ethereal  solution  of  the  silicon  oompound  with  very 
dilute  hydrodiloric  acid  and  evaporating,  the  resulting  oil  was  free 
from  nitrogen. 

Hydroxylamine  also  seems  to  have  no  action  on  the  silicone  in 
alcoholic  potash  solution. 

Attempts  were  made  to  prepare  derivatives  of  the  silicone  by 
treating  benzylethylsilioon  dichloride  with  bases  such  as  phenyl- 
hydraane  and  j>-toluidine,  but  a  definite  compound  was  not  isolated  in 
either  case ;  even  if  the  expected  interaction  occurred,  the  product  was 
decomposed  by  the  acid  or  water  employed  in  removing  the  excess  of 
the  base,  and  was  free  from  nitrogen. 

Bensylethylsilicone  is  not  reduced  by  sodium  and  alcohol.  A 
sample  whidk  had  been  thus  treated  with  a  large  excess  of  the 
theoretical  quantity  of  sodium  was  as  viscous  as  before,  and  gave  no 
effervescence  with  sodium.  It  was  next  dissolved  in  ether,  the 
solution  poured  on  to  a  concentrated  solution  of  potassium  hydroxide, 
and,  finally,  sodium  added  in  small  quantities  at  a  time,  using  a  large 
excess.  The  product  showed  no  signs  of  having  been  reduced,  and  on 
analysis  gave  results  which  showed  it  to  be  the  unchanged  silicone. 

0-1981  gave  0  4693  00.,  and  0  1370  H.>0.   U-6t  7  ;  H«77. 
CgHjjOSi  requires  C  =  65  7  ;  H  =  7  4  per  cent. 
C^i^OSi     „       C  =  64-8 iH- 8-6  „  „ 

Although  the  above  experiments  show  that  benxylethylsilicone  is 
relatively  a  very  inert  substance  a  vigorous  reaction  takes  place'when 
it  is  mixed  with  an  ethereal  solution  of  magnesium  ethyl  bromide; 
unfortunately,  we  have  not  yet  been  able  to  investigate  the  product. 


When  the  silicone  is  heated  with  ordiuary  sulphuric  acid  (2  vols.) 
at  100^  for  about  two  hours,  it  passes  into  solution  and  no  precipitate 
is  produced  on  subsequently  diluting  with  water.    The  aqueous 


M^Miiis^li^fMM^  EtSiO^OHs  C^jH.  SOsH. 
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solution,  liaviti<^  been  neutralised  with  barium  carbonate,  filtered,  and 
evaporated,  gives  the  barium  salt  of  a  sulphonic  derivative  of  ailtoon 
as  a  colourlosp,  bub  not  visibly  crystalline^  solid  residue.  Tbis  subsianos 
is  sparingly  soluble  in  cold,  but  readily  so  in  hot^  waler,  except 
that  there  is  always  a  slight  residue  which  does  not  dissolve ;  it  is 
insoluble  in  alcohol.  The  crude  product  was  separated  into  two  parts 
by  fractional  crystalliaation  from  water,  and  each  portion  was  analysed 
by  heating  a  weighed  quantity  with  distilled  sulphuric  acid. 

Lt$$  MubU  Fortion : 
0*2570  gave  0*1432  residue  (SiO^-i-BaSOJ-iSS-T. 

Mor$  SolubU  Poriim  : 

0'2894  gave  0-1580  residue  (SiO,  +  BaSOJ  =  54-6. 
(EtSiO-CHj-C^H^'SOJjBa  requires  (SiOj  +  BaSOJ-Se  ?  per  cent. 

A  little  of  the  salt  was  decomposed  with  the  exact  amount  of 

sulphuric  acid,  the  solution  filtered,  and  the  filtrate  evaporated.  The 
sulphonic  acid  so  obtained  was  a  colourless,  viscous  liquid,  and  gave  a 

residue  of  silica  on  i^'nition. 

These  experiments  having  indicated  that  the  sulphonation  product 
was  a  monosul phonic  deiivativc  of  bonzylethylsilicone,  a  portion  of  the 
harium  salt  was  treated  with  excess  of  ammonium  carbonate  solution ; 
after  hlteriug,  evaporating,  and  heating  until  all  the  ammonium 
carbonate  was  expelled,  there  remained  a  colourless,  very  hygroscopic 
ammonium  salt,  which  was  also  freely  soluble  in  methyl  and  ethyl 
alcohols.  A  solution  of  this  salt  was  treated  with  solutions  of  silver 
nitrate,  lead  acetate,  calcium  chloride,  and  a  number  of  other  metallic 
salts,  but  no  precipitate  was  obtained ;  solutions  of  /?-toluidine, 
quinine,  cinchoninc,  and  cinchonidine  hydrochlorides  gave  colourless 
solid  precipitates,  but  all  attempts  to  obtain  these  compounds  in  a 
well-crystaUised  state  were  unsuccessful. 

The  quinim  salt,  after  drying  at  100°  melted  at  180—200°; 
although  it  did  not  seem  to  be  at  all  hygroscopic,  mere  contact  with  a 
little  methyl  alcohol,  ethyl  alcohol,  acetone,  ethyl  acetate,  or  mixtures 
of  these  solvents  converted  it  into  an  oil.  J  laving  failed  to  obtain  a 
crystallised  derivative,  we  returned  to  the  barium  salt;  the  original 
preparation  was  fractionally  precipitated  from  its  aqueous  solution 
by  the  addition  of  alcohol ;  in  this  way,  we  finally  obtained  from  it  a 
relatively  very  small  quantity  of  a  salt  almost  insoluble  in  warm 
water,  but  soluble  in  presence  of  the  other  portion  of  the  original 
preparation.  This  sparingly  soluble  salt  was  boiled  with  excess  of 
ammonium  carbonate  solution,  and  the  ^trate  was  heated  until  all 
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ammoDiam  earbooate  was  expelled.  The  restdne  was  then  dissolved 
in  dilute  aloohol,  and  the  solntion  allowed  to  evaporate  spontaneoasly ; 
flat,  colourless  prisms  were  then  deposited,  but  only  a  small  qnantity 
of  these  well-defined  crystals  was  obtained.  As  this  salt  was  not 
analysed,  its  composition  cannot  be  stated  with  certaiDtj)  but,  as  it 
contained  silicon  and  gave  ammonia  when  heated  with  potash,  it  is 
very  probable  that  it  was  a  pure  ammonium  salt  of  benzylethylsilioone- 
snlphonic  add. 

The  readily  soluble  portion  of  the  barium  salt  was  dried  at  100^ 
until  constant  and  then  analysed  : 

0-3074  gave  0  1726  residue  (SiO^  +  BaSOJ  =  56-1. 

CjgHjjOgS«,BaSio  requires  (SiO^  +  BaSO^)  =  56*7  per  cent. 

This  salt  was  also  cx)nverted  into  the  ammonium  salt,  which, 
however,  did  not  crystallise  well  ;  it  was  a  colourless,  hygroscopic 
substance,  only  moderately  soluble  in  alcohol. 

From  the  above  exporimont.s,  we  conclude  that  in  the  snlphonation 
of  the  silicouo  two  isomeric  acids  (probably  the  ortho-  and  para- 
compounds)  are  formed. 

Bt/  products  from  fAs  Pt^pairaiim  of  BmstfUikj^tilieon  DiMnnde, 

The  product  of  the  interaction  of  ethylsilicon  trichloride  and 
magnesium  benzyl  chloride  is  a  complex  mixture  ;  after  separating  the 
benzylethylsilicon  dichloride,  which  is  contained  in  the  fraction 
collected  below  200^  under  a  pressure  of  100  mm.,  there  remains  a 
considerable  quantity  of  a  rather  vincid,  brown,  fuming  liquid.  Having 
accumulated  a  cocsiderable  quantity  of  this  by-product  from  a  number 
of  different  experiments,  we  submitted  the  whole  to  systematic  frac- 
tional distillation  under  reduced  pressure  (100  mm.)  in  a  long-necked 
flask  provided  with  a  rod  and  disk  column.  The  fractions  of  lowest 
boiling  point  thus  obtained  solidified  on  ooding,  and  consisted 
principally  of  dibenzyl,  which  accumulated  in  the  portions  distilling  from 
about  190°  to  244"" ;  those  portions  distilling  between  220°  and  244'' 
also  contained  a  little  stilbene. 

A  considerable  quantity  of  a  fuming  liquid,  boiling  almost  constantly 
at  244 — 248''  (100  mm.),  was  the  next  fraction  collected ;  this  product 
is  described  below.  Above  248^  the  thermometer  rose  continuously 
and  fairly  rapidly  to  about  300°,  and  this  portion  of  the  distillate 
yielded  no  definite  product.  From  300*'  to  360°,  there  passed  over  a 
rather  thick,  yellow  liquid  containing  tribenaylsilicyl  chloride,  the 
isolation  of  which  is  also  described  later  (p.  450). 
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Th»  fraotion  boiling  at  244—248''  (100  mm.)  seemed  to  be  «  fairly 
pure  compound,  and,  £rom  its  boiling  point,  wa«  thought  to  consist  of 
dibensjlethylaiUeyl  chloride,  BS|£itSiOL  A  sample  was  analysed  by 
decomposing  it  with  aqueous  ammonia,  evaporating  until  neutral,  and 
then  titrating  with  silver  nitiate  solution  (1  cc  *- 0*001 78  CI)  : 

0-1940  required  19-6  c.c.  Cl«  17-9. 
0-2005      „      20-1  c.c.    01- 17-8. 

CiqHjqCISi  requires  Cl  =  13'0;  Cj^Hj^CljSi  requires  Cl  =  25'2  per  cent. 

These  results  showed  that  the  liquid  contained  a  large  proportion 
of  some  substance  far  richer  in  chlorioe  than  dibenzylethylsilicyl 
chloride,  and  the  only  compound  which  fulfilled  this  condition  and  the 
presence  of  which  seemed  possible  was  dibenzylsilicon  diohloride ;  as 
this  Sttbhtance  would  probably  have  a  boiling  point  approximately  the 
same  as  that  of  dibenzylethylsilicyl  chloride,  and,  if  present,  could 
hardly  be  separated  by  further  fractional  distillation,  the  whole  of  the 
chloride^  was  decomposed  with  water  and  the  resulting  oil  extracted 
with  ether.  On  evaporation,  there  was  obtained  a  colourless  solid 
substance,  which,  however,  contained  some  oil ;  this  latter  was  removed 
by  washing  with  light  petroleum,  but  attempts  to  purify  the  solid 
substance  further  by  recrystallisation  from  benzene^  a  mixture  of  light 
petroleum  and  ether,  or  light  petroleum  and  benzene,  were  only  partly 
buccessfui;  each  time  the  substance  was  dissolved,  decomposition 
seemed  to  take  place,  and  the  quantity  of  solid  rapidly  diminished.  At 
last,  howcT^r,  by  the  spontaneous  evaporattoi^of  an  alcoholic  solution, 
a  small  quantity  of  substance  was  obtidned  in  long,  asbestos-like  prisms, 
melting  at  101**.  This  compound  was  readily  soluble  in  ether,  benzene, 
or  alcohol,  but  almost  insoluble  in  light  petroleum  and  insoluble  in 
water.  When  kept  at  a  temperature  slightly  below  its  melting  point 
for  a  short  time^  it  liquefied ;  on  cooling  a  little,  crystals  reappeared, 
but  the  substance  did  not  solidify  entirely  until  the  temperature  fell  to 
60^.  Its  behaviour  resembled  that  of  a  solid  crystallising  from  its  satur- 
ated solution,  but  with  this  modification,  that  as  long  as  the  tempera- 
ture was  maintained  above  the  solid  changed  into  the  liquid  phase  at 
an  appreciable  rate.  After  having  been  heated  at  about  160^,  the 
substance  remained  entirely  liquid  at  0^. 

An  analysis  of  the  crystals,  melting  at  lOP,  which  had  been  dried 
over  sulphuric  acid  gave  the  following  results  : 

01974  gave  0-4978  CO,  and  0-1200  HjO.    0  =  68  8;  H«6-7. 

Cj^IIj^Oj^i  requires  C  =  68-7  ;  H  =  6-5  per  cent. 
k\'oai  ittt  behaviour  during  the  combustion,  the  boiling  point  of  this 
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attbstanoe,  or  rather  that  of  the  liquid  into  which  it  ohaageB^  mutt  be 
very  high,  probably  above  400°. 

The  method  of  formation  of  this  oompotind,  ite  behaviour  on  solution 
and  when  heated,  and  the  analytical  reeults,  led  us  to  conclude  that  it 
was  dibensylsilaool,  Bz^i(OH)f ;  such  a  oompound  when  heated  would 
doubtless  lose  water,  giving  the  ailicoDe,  and  the  latter  would  then 
probably  pass  into  a  substaaoe  of  very  high  boiling  point,  represented 
by  the  molecular  formula  (Bi|8iO)^  analogous  to  the  polymeric  modi- 
licaUon  of  bensylethyUilicone  (p.  444).  The  further  investigation  of 
this  compound  is  described  later  (p.  463). 

The  oily  portion  of  the  product  obtained  by  treating  the  chloride 
with  water  and  separated  hem  the  dibensylsilicol  by  filtiatioa 
(together  with  the  oil  obtained  from  the  decompositioft  of  the  hydrol 
during  rect-ystallisation)  was  fractionally  diatitled  under  a  prtBSure  of 
25  mm.  The  thermometer  rose  immediately  to  about  205%  and 
between  this  temperature  and  215°  about  40  percent,  of  the  whole 
liquid  distilled  ;  the  thermometer  then  rose  again  very  rapidly  to  about 
360**,  at  which  temperature  heating  was  discontinued  ;  the  undistilled 
residue  formed  about  50  percent,  of  tho  whole;  it  was  not  further 
examined,  but  it  seems  very  probable  that  it  consisted  principally  of 
the  polymerized  dibenzylsilicone,  (Bz<,SiO)3,forQied  by  the  decoiitpo>itiou 
of  the  hydrol  already  described.  The  fraction  collected  between  205** 
and  210  \va8  redistilled  under  the  same  pressure  (25  mm.)  as  before, 
and  the  portion  boiling  at  207 — 212°  collected  separately.  When 
kept  for  some  time  in  a  freezing  mixture,  this  liquid  deposited  a  small 
quantity  of  a  crystalline  substance  which  was  ultimately  found  to  be 
a  mixture  of  atilbene  and  a  compound  containing  silicon  and  melting 
at  54°.  The  stilbene  was  ideniitied  by  its  melting  point,  120 — 121°, 
and  by  converting  it  into  its  well-crystallised  dibromide  (a),  which 
melted  at  233° ;  its  presence  cannot  be  accounted  for.  The  crystalline 
silicon  compound  (m.  p.  54°)  in  described  later.  After  separatiug  the 
crystalline  deposit,  the  oil  was  analysed  : 

0*761 0  gave  01627  SiO^  Si  - 10*0. 
0-3624       0  0775  SiO^  Si- 101. 

0*2517  „  0-6967  00^  and  01800  H,0.   C- 70*6 ;  H- 7*9. 
Oie^OSi  requires  8i- 10  0;  0-750;  H-7-8  per  cent. 

The  results  of  the  combustion  agree  satisfactorily  with  those 
required  for  dibenzylethylsilicol,  and  in  spite  of  the  discordance 
between  the  theoretical  and  experimental  values  for  the  percentage  of 
silicon  we  are  of  the  opinion  that  this  preparation  waa  a  moderately 
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pare  sample  of  the  siliool;  this  ooncliuioii  is  rendered  extremely 
probable  by  the  facts  described  below. 

DibeyvcyleUiyUUicyl  Oxide,  (BZ|£tSi)20. 

The  preparation  of  dibensyletbylsiliool  just  deaoribed  was  left  over 
sulphnric  acid  in  a  ▼acaum  previons  to  making  another  analysis; 
it  was  then  observed  that  the  oil  had  deposited  crystals,  which  melted 
at  64®,  like  those  previously  sepazated.  An  analysis  of  the  remaining 
oil  also  showed  that  the  percentage  of  ciurbon  was  now  mnch  higher 
than  before,  an  indication  that  some  decomposition,  probably  the 
elimination  of  water,  had  ooenrred : 

0*1842  gave  0*6204  00,  and  0*1336  H^O.  O-77  0  ;  H»8«0. 

After  some  time,  practically  the  whole  of  the  oil  became  changed 
into  tiieso  crystals,  which  were  purified  by  recrystallisation  from 
alcoliol.  They  then  melted  sharply  at  55^,  and  on  analysis  gave 
results  agreeing  with  those  required  for  the  oxide  of  dibenzylethyl- 
8ilicol,  (Bz2EtSi)20,  thus  confirming  the  coostitution  of  the  oil  from 
which  they  were  derived  : 

0-1976  gave  0  5617  CO,  and  0  1399  H^O.  0  =  77  5  ;  H-7-9. 
0-1717    „    0-4870  COj  „  01192  H^O.    0  =  77-4;  H» 7-7. 

CajHjgOSig  requires  0  =  77*6 ;  H-  7-7  per  cent. 
A  molecular  weight  determination  was  also  made  by  the  ebnllioeoopic 
method  in  acetone  solution  with  the  following  result :  - 
0*387  in  10*2  acetone  gave  A(  -  0*136.   Md.  wt. = 462. 

As  the  calculated  molecular  weight  lor  the  silicol  is  267  and  for  the 
oxide  496,  there  does  not  seem  to  be  much  doubt  as  to -the  nature  of 
the  compound.  DUmzylethylsUicyl  oaBid$  crystallises  in  glistening 
plates,  is  moderately  soluble  in  warm  alcohol,  and  readily  so  in 
ether.  A  little  of  the  sttbstanee  was  boiled  with  potasdnm  hydroxide 
for  a  short  time  to  try  to  reconvert  it  into  the  ailicol,  but  its  melting 
point  was  found  to  be  unchanged  by  this  treatment. 

Mbm»sfl8Uie!fl  Chloride,  Bs,Si01. 

The  fraction  of  the  original  by-product  (p.  447)  collected  from  300® 
to  360°  (100  mm.)  slowly  deposited  long  needles.  These  were  quickly 
separated  by  tiltralion,  and  spread  on  porou.^  earthenware  in  a 
desiccator.  After  rocry.stul lining  twice  from  light  petroleum,  tliey 
were  obtained  in  slender,  colourless  piismi^,  moderately  soluble  in  hot 
light  petroleum,  readily  so  in  ether,  but  very  sparingly  so  in  cold  light 
petroleum.  The  compound  melted  at  141°,  and,  although  it  did  not 
fume  perceptibly  in  the  air,  it  was  readily  decomposed  by  water  j 
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a  chlorine  estimation  was  made  by  the  volumetric  method  (1  c.c. 
AgNOg  =  0  00178  01): 

0-2735  required  16  2  c.c.  AgNO, ;  CI  =  10-5. 

OnH„CiSi  requires  01  >■  10*5  per  oent. 

Tribenzylsilicol,  SiBzj'OH. 

Tho  chloride  just  described  was  warmed  with  moist  alcohol,  and  the 
product  recrystallised  from  light  petroleum  ;  it  separated  in  colourless 
needles,  meltiDg  sharply  at  104°,  and  was  readily  soluble  iu  ether,  but 
only  moderately  so  in  light  petroleum : 

01024  gaye  0*2974  00,  and  0*0666  H,0.   0  <«  79*2 ;  H  »  7*2. 
Cg^H^sOSi  requires  6 » 79*1 ;  H«7*0  per  oent 

Tril>€nzyLsilicol  lias  recently  l>een  described  by  Dilthey  (J>oc.  cit.), 
who  gives  its  melting  point  as  106  . 

JHbmai^wm  DiMtride,  Bz^SiCl,. 

In  order  to  confirm  some  of  the  results  of  the  oxpcrimoDts  described 
above,  a  quantity  of  dibenzylsilicon  dichloride  was  prepared  from 
silicon  tetrachloride.  To  1  molecule  of  the  latter,  2|  molecules  of 
magnesium  benzyl  chloride  were  slowly  added  with  vigorous  cooling 
and  stirring.  The  whole  was  allowed  to  stand  overnight,  the  ether 
then  evaporated,  and  the  residue  heated  at  100°  for  three  hour^;.  It 
was  then  extracted  with  ether  in  the  apparatus  already  described 
(Kipping,  Trans.,  1907,  91,  216).  After  distUling  o£  the  ether,  the 
reridual  oil  was  fractionally  distilled  under  a  pressure  of  100  mm., 
using  a  long-necked  flask  with  rod  and  disk  column.  A  small  quantity 
passed  over  below  200*^,  and  then  a  large  fraction  between  200^  and  240° 
wliich  became  solid  on  cooling,  and  consisted  of  dibensyl ;  from  about 
240°,  the  thermometer  rose  very  slowly,  and  a  large  proportion  of  the 
whole  distilled  below  250°;  above  250°,  the  thermometer  rose  more 
rapidly  to  360°,  but  there  still  remained  a  considerable  residno  of 
visdd,  brown  oil  which  did  not  distil  at  360°.  The  fraction  241^250** 
was  distilled  twice  more,  and,  finally,  the  portion  boiling  between 
241 — 245°  was  colleeted  separately ;  after  having  been  kept  in  a 
dooed  vessel  for  some  time,  tiie  oolourless  oil  solidified  completely.  It 
was  then  reerystallised  from  light  petroleum,  hm  which  it  was  ob* 
tained  in  magnificent,  oolourless  prisms ;  these  were  moderately  soluble 
in  light  petrolonm,  and  melted  at  60—62^;  th^  fumed  somewhat  in 
the  air,  and,  when  pievioudy  reduced  to'  a  powder,  were  readily 
decomposed  by  water;  otherwise  a  thin  film  of  the  insoluble  deoom- 
posilion  product  was  formed  at  the  surface  and  pirevented  further 
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action  of  the  water.  An  analysis  of  these  erystals  was  curiod  oot 
Tolumetrically  (1  cc  AgNO,«  0*00178  CI) : 

0*1385  raqmred  19*9  ce.  AgKOg ;  CI -i  25*5. 
0*2407      „      34*4  e.c.  AgNO, ;  CI  -  25*4. 

Ci4Hi^Cl2Si  requires  Ci-  25*2  per  cent. 

This  pure  dichloride  was  decomposed  by  dissolving  it  in  ether  and 
shaking  the  solution  with  water  until  free  from  hydrochloric  acid. 
The  substance  obtained  melted  at  101°  softening  slightly  at  98°,  and 
was  identical  with  the  a-dibenzylsilicol  previooBly  described  (p.  448)» 
as  proved  by  the  following  analyses  : 

0*4200  gave  01058  SiO,.   Si  - 1 1*8. 

0*1960   „   0*4953  00,  and  0-1206  H,0.   C  -  68*9 ;  H  -  6*8. 
01172   „  0-2968  00,  „  0  0711  H,0.   0-68*9;  H- 6*8. 
Oi^Hj^OsSi  requires  Si- 11-6;  0-68*7;  H-6*5  per  cent 

Molecular  weight  determinations  were  carried  out  by  the  cryoscopic 
method  with  the  following  results : 

0  184  in  18-3  acetic  acid  gave  A<  -  0155''.  Mol.  wt. »  251. 
0-347     18-3  „     „      „  0-295°.      „      „  =249. 

0-625  „  18  0  „  „  „  „  0-570°.  „  „  =236. 
0-838  „  19-2     „  „      „  0-730°      „      ^  -232. 

C|4H,«0|Si  requires  MoL  wt.  -244*6. 


Dibenzyhiiicanet  BzjSiO. 

The  substance  just  referred  to  as  a-dibenzylsilicol,  and  prepared  by 
decomposing  pure  dibenzylsilicon  dichloride  with  water,  was  certainly 
not  identical  with  the  substance  (m.  p.  76°)  obtained  by  Dilthey 
(loo,  cU.),  and  to  which  he  nssigned  the  formula  Bz.^Si(0H)2. 

In  order  to  obtain  some  further  confirmation  of  the  nature  of  our 
compound,  we  heated  a  small  quantity  of  it  at  110°  for  six  hours  with 
the  object  of  converting  it  into  the  corresponding  ketone.  The  oily 
product  was  then  dissolved  in  a  mixture  of  alcohol  and  ether,  from 
which  it  separated  in  oolourlesB  prismSi  and  after  recrystallisation 
from  light  petroleum  these  melted  at  98^.  The  compound  was  readily 
soluble  in  ether,  and  moderately  so  in  aloohol  or  light  petroleum.  A 
preparation  was  analysed  with  the  following  results : 

0*1707  gave  0*4653  00,  and  0-1002  H,0.   0 -  74*3 ;  H -  6*5. 
0*1549   M   0*4220  00,  ^ » 0*0892  H,0.   0-74*3;  H-6*4.  - 
Cj^Hj^OSi  requires  0-74*2 ;  H-6*2  per  cent. 

It  seemed  clear  from  these  obsprvations  that  the  supposed  hydrol 
had  been  converted  in  a  normal  niaimei  into  tiie  corresponding  ketone 
(the  termolecular  form,  p.  439),  and  that  the  melting  point  given  by 
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Dilthey  was  isoorrect;  further  experiments,  however,  led  to  the 
discovery  of  another  hydrol,  probably  identical  with  the  compoond 
obtained  by  Dilthey. 

fi-Dibenzyisilicol,  Bz2Si{OH)2. 

On  attempting  to  prepare  a  further  quantity  of  ketone  in  the  same 
manner  as  before,  namely,  by  heating  the  a-hydrol  (m.  p.  lOP)  at 
110^  for  several  hours,  an  altogether  different  result  was  obtained;  a 
solution  of  the  oily  residue  in  light  petroleum  deposited,  not  the 
ketone,  but  a  crystalline  substance,  melting  at  65 — 70^  This  product 
was  repeatedly  recrystallised,  the  best  results  being  obtained  by  dis- 
solving it  in  a  very  little  ether  and  adding  a  considerable  quantity  of 
light  petroleum ;  it  was  then  deposited,  in  the  course  of  about  half  an 
hour,  in  beautiful,  transparent  prisms,  which  melted  at  75®,  softening 
at  70^.  Repeated  recrystallisation  failed  to  render  the  melting  point 
more  precise,  although  to  all  appearance  the  preparation  was  qulto 
pure.  Unless  the  recrystallisation  was  carried  out  rapidly,  and  at  a 
low  tomperature,  some  slight  decomposition  occurred,  and  the  mother 
liquor  deposited  a  small  quantity  of  an  oiL  Analyses  of  samples  dried 
in  the  air  gave  results  which  agreed  with  those  required  for  the 
hydrolf  Bs,Si(OH)„  although  the  peieentage  of  carbon  was  always  a 
trifle  too  high : 

I.  0  1760  gave  0-4457  COj  and  0107G  Il^O.    C-69-1;  H  =  6-8. 
11.01554    „    0-3946  CO,   „   0  0931  H,0.    C  =  69  2;H-6-7. 
111.0-1711    „    0  4334  CO.]   „   0  1026  hJo.    C  =  69-1  ;  K=  67. 
Cj,Hj^.O.^Si  requires  C  =  68-7  ;  H    6  5  per  cent. 

Sample  III  was  prepared  by  crystaUisiog  sample  XX  three  times  from 
ether  and  light  petroleum. 

Molecular  weight  determinations  made  by  the  cryosoopic  method 
gave  the  following  results : 

0*514  in  16*5  beniene  gave  At-0'290^  Mol.  wt  -540. 
0-703  „  17-4  „  „  „  0'360*.  „  „  -560. 
0-287  >,  22*4aceticaoid„  „  0*190^.  „  „  -260* 
0-844  „  17-8    „    „  „         0-700*.   „    „  -263. 

Cj^Hj^OoSi  requires  Mol.  wt.-244. 

Most  of  the  substunce  was  recovered  apparently  unchanged  when 
the  benzene  and  acetic  acid  solutions  were  allowed  to  evaporate,  but 
a  trace  of  the  oily  decomposition  product  (see  above)  had  doubtless 
been  formed. 

As  this  compound  melting  at  75°  was  thus  found  to  be  isomeric 
with  the  a-hydrol  melliug  at  101°,  it  was  natural  to  suppose  that  the 
two  substances  were  merely  different  crystalline  forms  of  one  and 
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the  same  substance.  This  view,  however,  had  to  be  abandoned ; 
samples  of  the  two  different  preparations  were  crystallised  under 
exactly  the  same  conditions  from  a  mixture  of  ether  and  light 
petroleum,  but  each  retained  its  own  distinctive  properties.  It  was 
also  found  later  that  the  two  compounds  ooold  be  deposited  side  by 
side  from  one  and  the  same  solution. 

In  one  experiment,  a  fresh  sam^jle  of  dibcnzylsilicon  dichloride, 
boiling  at  241 — 245°  (100  mm.),  prepared  as  before  (which,  although 
apparently  pure,  could  not  be  crystallised),  was  decomposed  with  water 
and  the  product  extracted  with  ether.  When  the  solution  was  left  to 
evaporate  spontaneously,  instead  of  becoming  almost  solid  from  the 
separation  of  pure  a-hjdrol,  it  deposited  the  /8-hydrol  in  fine,  large 
crystals,  which,  after  reerystallisation  from  ether  and  light  petroleum, 
melted  at  75*^,  softening  at  about  70°.  On  the  addition  of  light 
petroleum  to  the  oily  mother  Uquor,  the  whole  became  a  thick  paste 
of  what  seemed  to  be  a  mixture  of  the  two  forms  of  the  hydrol. 
Attempts  to  separate  these  by  reerystallisation  were  not  very  success- 
ful, as  their  solubilitieB  were  practically  the  same  in  all  solvents, 
but  at  last  a  small  quantity  of  the  a-hydrol  was  isolated  in  a 
moderately  pure  conditioo. 

CimMreion  of  lAe  fi-Hydrol  tale  /KtsncyMteetM. 

The  conversion  of  the  /3-dibenzylsilicol  into  the  corresponding 
silicone  seemed  at  first  an  extremely  simple  operation,  A  small 
quantity  of  the  pure  compound  was  gently  heated  in  a  test  tube  over 
a  bunsen  flame  until  the  escape  of  water  vapour  ceased,  and  the 
resulting  oil  was  dissolved  in  light  petroleum  ;  on  cooling,  the  solution 
deposited  crystals  of  pure  dibenzylsilicone  (m.  p.  97 — 98°).  On 
repeating  the  experiment  with  the  same  sample  of  /3-hydrol  under  as 
nearly  as  possible  the  same  conditions,  instead  of  the  silicone,  the 
original  j8-hydrol  was  finally  deposited  from  the  light  petroleum 
solution ;  several  further  similar  experiments  also  gave  this  result, 
in  spite  of  the  fact  that  the  water  produced  during  the  heating  of  the 
hydrol  was  clearly  visible  on  the  sides  of  the  test  tube.  Many  other 
attempts  were  made  to  transform  the  0-hydrol  into  the  silicone ;  for 
example,  tlie  compound  was  heated  at  150°  for  five  minutes  in  an 
open  dish,  but,  on  crystallising  the  residue  from  light  petroleum, 
practically  the  whole  of  the  hydrol  was  ultimately  recovered,  although 
mixed  with  some  oily  product.  Only  in  a  few  cases  did  we  obtain  any 
erystaliine  silicone. 
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Formation  of  Uie  (i-lJi/drol  from  Diletizt/l silicone. 

These  perplexing  results  were  explained  to  some  extent  by  the 
discovery  of  the  extraordinary  fact  that  the  oilj  product  formed  bj 
the  dehydration  of  the  /3-hyihol  combinee  readily  with  water,  the 
^•hydrol  being  regenerated.  When  the  pure  /S-bydiol  U  kept  in  a 
vaennm  over  eulphuric  acid  at  the  ordinary  tempexature,  it  is  con- 
verted in  the  course  of  about  twen^-fonr  hours  into  a  very  viscous, 
oolonrless  oil ;  when  this  oil  is  exposed  again  to  moist  air,  it  is  slowly 
reeonverted  into  the  jS-hydrol,  and  if  robbed  with  a  little  water  the 
change  takes  plsM  in  a  few  minutes* 

Further  Ea^pcrimenU  on  the  Conversion  of  the  EydroU  into  th$ 

Silicone, 

Qoaatitnttve  expsiriments  on  the  transformation  of  the  )9-hydrol 
into  silicone  at  the  ordinary  temperature  were  not  attempted,  as  the 
oily  silicone  formed  at  the  surface  prevents  the  decomposition  of  the 
crystals  underneath  ;  such  experiments,  however,  carried  out  at  100° 
showed  that  after  about  seventy  hours*  heating  the  weight  bee  am o 
practically  constant,  the  loss  being  6*6  instead  of  7  4  per  cent,  an 
required  by  theory.  Although  the  tiansformaticn  of  the  hvdrol  into 
the  silicoce  is  a  very  simple  change  theoretically,  and  the  last  experi- 
ment Feemed  to  show  that  it  occurred  almost  <juautitatively,  some  of 
our  observations  are  not  easily  explained ;  thus  the  oil  obtained  by 
heating  the  /3-hydrol  at  100°  did  not  give  either  crystalline  silicone  or 
y3-hydrol  when  it  was  dissolved  in  ether  and  light  petroleum  or  rubbed 
with  water,  differing  in  this  respect  from  the  oily  silicone  obtained  in 
a  vacuum  at  the  ordinary  temperature.  Further,  we  have  not  been 
able  to  elucidate  the  nature  of  the  oil  which  is  produced  in  small 
quantities  when  the  pure  hydrol  is  recrystallised  from  various  solvents, 
except  that  in  some  cases  we  have  obtained  from  it  the  crystalline 
silicone  by  heating  at  100^.  It  seems  tolerably  certain  that,  whereas 
the  dehydration  of  the  /3-hydrol  at  tlie  ordinary  temperature  leads  simply 
to  the  formation  of  a  unimolecular  oily  silicone  which  readily  recom- 
bines  with  water,  the  effects  of  heating  are  more  complex  and  lead  to 
the  formation  of  the  termolecular  crystalline  silicone  as  well  as  that  of 
other  compounds. 

The  a-hydrol  differs  notably  from  the  /3-isomeride  in  stability ;  when 
kept  over  solpburic  acid  in  a  vacuum,  it  does  not  change  appreciably 
in  appearance^  although  it  becomes  somewhat  sticky  in  the  course  of  a 
few  days.  A  quantitative  experiment  on  the  decomposition  of  the 
orhydrol  (m.  pw  101**)  g»ve  unsatisfactory  results.   The  pure  compound 
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was  boated  at  110°  in  an  opon  Tessel;  the  weight  decreased  alowlj 
and  fairly  regularly  until  alter  abont  twenty^fivo  hours  the  theoretical 
loss  (7*4  per  oent)  for  the  formation  of  silicone  had  taken  place ;  after 
abont  twenty-five  hoars'  further  heating,  the  Ices  amounted  to  about 
1 1  per  oent,  but  even  then  the  weight  of  the  oily  product  showed  no 
sign  of  becoming  constant.  In  no  ease  have  we  been  able  to  regeoerate 
the  a  hydrol  from  the  product  of  its  dehydration. 

Action  of  Acetyl  ChlorUU  and  Acetic  Anhydride  on  the  Uydroh, 

Having  failed  to  ascertain  the  precise  conditions  necessary  for  the 
conversion  of  the  hydrols  into  the  crystalline  silicone  by  the  action  of 
heat  alone,  we  studied  their  behaviour  towards  acetyl  chloride  and 
acetic  anhydride. 

Both  compounds  dissolved  readily  in  acetyl  chloride,  but,  on  allowiog 
their  solutions  to  evaporate,  they  were  finally  both  recovered  unchanged; 
in  the  case  of  the  /^-hydrol,  it  is  quite  possible  that  the  oily  uni* 
molecular  silicone  had  really  been  formed,  but  that  it  absorbed  water 
again  on  exposure  to  the  air.  When,  however,  the  hydrols  were 
separately  heated  in  test  tubes  over  a  free  flame  until  the  ebullition 
caused  bj  the  escape  of  water  ceased,  and  the  residue  then  warmed 
with  a  little  acetic  anhydride,  they  were  converted,  apparently  almost 
quantitatively,  into  crystalline  dibensylsilicone.  These  experiments 
with  acetic  anhydride  were  repeated  several  times  with  fairly  constant 
results. 

The  molecular  weight  of  the  crystalline  dibensylsilicone,  obtained  in 
this  way  from  the  ^-bydrol,  was  determined,  and  the  results  showed 
that  the  compouiid  had  the  termolecolar  formula  (Bz^SiO),;  the 
ebulliosGopic  method  was  used,  with  bensene  as  solvent : 

0*585  in  14  0  benzene  gave  Al  -  0*18°.   Mol.  wt. «  620. 

0-82   „  14  0      „       „      „  0-30«>.        „  -687. 

0-96   „  130      „       „      „  0-29**.        „  -674. 

0-845  „  U.3      „       „      „  0-2  P.        „  -737. 

(BzgSiO)!  requires  Mol.  wt.  =  678, 

A  part  of  the  expense  incurred  in  this  research  has  been  met  by  a 
grant  from  the  Government  Grant  Committee  of  the  Royal  Society} 
for  which  the  authors  express  thuir  gratitude. 

University  Colleos, 
Nottingham. 
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XLIV. — Organic  Derivatives  of  Silicon.  Part  VI.  The 
Optically  Active  Sulphobenzylethylpropyldlicyl 
Oxides, 

By  Fbbdbbio  Scahut  Kimva 

In  Part  II  of  these  investipatioDB  (Trans  ,  1907,  91,200),  it  was  stated 
that  the  (^-sulphonic  acid  obtained  by  heating  benzylethylpi  opylsilicol 
with  sulphuric  acid  had  been  rosolved  into  its  optically  active  com- 
ponents by  fractionally  crystallising  its  salt  with  d-  or  /-methylhydrind- 
aniine.  Granting  the  accuracj  of  the  experimental  data  there 
recorded,  no  further  proof  of  the  optical  activity  of  the  silicon 
compounds  in  question  was  required ;  to  some,  however,  the  author 
may  have  failed  to  carry  conviction  for  various  reasons.  Firstly, 
-  because  the  d'  and  ^acids  were  only  very  feebly  optically  active ; 
secondly,  because  the  rotation  was  of  the  same  sign  as  that  of  the  base 
with  which  the  acid  had  been  combined ;  and,  thirdly,  because  the  salts 
of  the  active  acids  with  l-menthylamioe  were  practically  identical  in 
melting  point  and  specific  rotation. 

In  these  circumstances,  it  seemed  desirable  to  repeat  the  experi- 
ments on  the  resolution  of  the  cU-sMid  with  larger  quantities  of 
material,  and  to  study  in  more  detail  the  properties  of  the  active 
compounds.  The  results  of  this  work  are  described  in  the  present 
communication,  and  they  confirm  in  every  respect  the  earlier 
observations.  They  have  also  shown  that  the  salts  formed  by 
combining  the  (i-  and  ^8Uioon  acids  with  d-bomylamine  or  with 
cincbonidine  resemble  one  another  very  dooely,  Just  as  do  their  salts 
with  f-menthylanune.  This  resemblance  between  compounds  of  the 
type  dAdS  and  lAdB  is  so  contrary  to  general  ezpertenoe,  that  before 
describing  these  aalts  it  is  advisable,  perhaps,  to  summarise  the  results 
of  those  experiments  which,  having  been  repeated  many  times, 
establish  the  asymmetry  of  the  adds  oonosmed. 

The  <l-methylhydrindiimine  salt  of  the  pure  df-sulphonio  add  is 
relatively  eadly  separated  by  fractional  crystallisation  into  two  very 
different  substances :  the  dJLdB^tXt  is  obtained  in  an  optically  pure 
state,  melting  at  205 — ^207^;  the  optically  impure  Md^^alt  remains 
•s  an  oiL  Alkaline  solutions  obtained  by  boiling  the  dAdB-nlt  with 
excess  of  sodium  carbonate  until  the  organic  base  ceases  to  be  evolved 
are  always  dmiroroiQiorif,  the  highest  observed  spedfio  rotation  cal- 
culated for  the  sodium  salt  being  +5*8^. 

Alkaline  solutions  prepared  from  the  optically  impure  lAdB-nX%  in 
a  similar  manner  are  ImmoUUory  \  as  methylhydrindamine  is  volatile 
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and  has  a  strongly  alkaline  reaetion  to  litmus,  its  absence  from  a  given 
solution  is  easily  proved. 

Thesodinm  salt  of  tbeil-aoid  can  be  isolated  from  the  dextrorotatory 
solutions ;  it  crystallises  from  methyl  alcohol  in  plates,  and  is  optically 
active.  With  ezoess  of  ({-methyl  hydrindamine  hydrochloride  in 
aqueons  solution  it  gives  a  precipitate  which  is  practically  identical 
with  the  original  c^ilc^^-salt  melting  at  205°  (compare  p.  465),  but  with 
^methyIhydrindamine  hydrochloride,  under  exactly  similar  conditions, 
it  gives  ji  totally  different  precipitate,  namely,  the  c^^^^-ealt,  a  gela- 
tinous substance  melting  at  150 — 152° 

The  sodium  salt  obtained  from  the  oily,  optically  impure  lAdB-^]t 
gives  with  ^-methylhydrindamine  hydrochloride  in  aqueous  solutiou 
a  precipitate  from  which  a  considerable  proportion  of  the  ^^^i?-com- 
pound  (m.  p.  205^)  can  be  isolated. 

The  f^/ sill  phonic  acid  may  be  resolved  with  ^methylhydrindamine  ; 
the  optically  pure  lAlB-  and  impure  dAlB-ssAtfi  thus  obtained  correspond 
in  properties  with  the  dAdB-  and  ^/((f5-salts  respectively,  the  observed 
rotations  being,  of  course,  of  the  opposite  sign. 

A  mixture  of  the  dAdB-  and  lAlB-mXif^,  and  also  a  mixture  of  the 
dAlB-  and  lAdB-aaltE,  has  the  properties  of  the  substance  prepared 
directly  from  the^Z-acid  and  f//-baso  (compare  loc.  city  pp.  237 — 238). 
The  acids  represented  by  dA  and  lA  respectively  are  thus  proved  to  be 
optically  active  and  enantiomorphously  related. 

In  spite  of  this  relationship  and  the  great  difference  in  outward 
properties  of  their  salts  with  one  of  the  active  methylhydrindaminee, 
solutions  of  the  sodium  salts  of  the  two  active  adds  yield,  with  a  given 
optically  active  base,  oompounds  which  in  many  eases  are  barely 
distinguishable  from  one  another  or  from  the  oorresponding  derivative 
of  the  <i^aoid. 

This  resemblance  is  not  restricted  to  appearance  and  crystalline 
habit,  but  extends  to  melting  or  decomposing  point  Mid  even  to 
specific  rotation,  as  will  be  seen  from  the  following  sommaiy  of  some 
<rf  the  rssolts  of  the  examination  of  snoh  compounds. 


Stdt9      d-  and  \'BiUpM$ns!ylethylpropyl8il{cyl  Omdet, 
S0^0H,'0eH/SiEtJPr-0-SiEtPr-CJH,-C«H4-S0,Jtt. 


d'MtikyihffdrMamm$  SaUt : 


M.  p.  «05— 207' 

[a]o  +15-6°  in  methyl  alcohol 
[aja  + 14*4"  in  ohlorofoxm 


d-Acid. 


Z-Acid. 

M.  p.  160-162* 

(a]»  + 16*6*  in  methyl  skohol 
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i-Acid.  ?AcicL 
M.  p.  150-152"  il.  p.  205—207" 

[ajs  - 15*6°  in  methyl  alcohol  [ajo  - 15*3°  in  methyl  alcohol 

[«]»  - 14*8*  in  oUoiofonn 

l-lf«ii%{cMMMM  SaUa 

d-Acid.  lU'Acid.  2-Acid. 

M.  p.  228—829*  M.  ^  226— 22tf«  M.  p.  286—227' 

M.  p.  235— 28r  M.  p.  233—286"  M.  p.  236— 287« 

[«]B-15-6't  Wb  -WS"  [«J,-16-6' 

•  These  salts  are  dimorphous, 

t  This  and  all  the  following  values  for  specific  rotation  were  determined  in 
methyl-aleoholic  aolution. 


d'Bomylamine  SaUa  .* 

d-Acid.                         dl-Acid.  I-Acid. 

M.  p.  210— 211*               M.  p.  207— 208'  M.  p.  212—213' 

[•)»  •l>9*2*                      [a]»  +9-8*  («}»  +9*6* 

Cinekomdm$  SaUt : 

(i-Acid.                          dl-Acid.  2-Acid. 

M.  n.  164—166*             IL  p.  148—150*  U.  p.  149—160* 

[«]» -ri^e*            [•].  -78-1*  -71-6* 


CinekamdiM  Eydrogm  SalU  : 

^Aoid.  itt-Add.  LAeld. 

H.  p.  222—224*  JL  ^  aboat  220*  U.  p.  826—227* 

The  dissimilarity  of  ihe  methylhydrindamine  Mlts  of  the  type  dAdB 
ftnd  dAlB  is  even  more  striking  than  appears  from  the  tabulated  data ; 
the  pure  dAdB'  and  ^^/l^-^somponnds  crystaliise  readily  in  radially 
grouped  olnsters  of  eharaoteristio  appearance  and  of  high  density; 
the  dAlB'  and  l^<l^-flalts>  on  the  other  hand,  can  hardly  be  said  to 
erystaUlae^  as  they  separate  from  most  solvents  in  the  form  of  a 
bulky  jellj. 

The  {-menthylamine  salts  of  the  d-  and  ^aoids  can  hardly  be 
distinguished  from  one  another ;  this  is  also  true  of  the  d-boraylamine 
salts,  whereas  the  normal  oinchonidine  and  the  cinohonidine  hydrogen 
salts  show  small  differences  in  melting  pointy  but  are  otherwise  very 
much  alike. 

These  observations  are  instructive  and  of  general  interest,  because 
they  indicate  that  it  might  be  possible  actually  to  roBolve  a  itt- 
compound  hj  the  usual  method,  and  yet  to  conclude  from  an 
examination  of  the  outward  properties  and  Bpecifio  rotations  of  the 
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WB?0nX  fnottons  to  obtained  that  molntioii  had  not  oeourred ;  if,  for 
osample,  the  j-meathylainiiie  salt  of  d^ulphobonzyletbylpropylBilicyl 
oxide  oould  in  fact  be  aeparated  into  its  dAlB'  and  M/if-eomponeDts, 
the  greatest  difference  between  extreme  fraeUona  which  would  be 
brought  to  light  by  the  ordinary  methods  of  examination  would  be 
about  1^  in  melting  point. 

It  is  obTiouSi  of  eonrae,  that  the  very  close  resemblance  observed 
between  some  of  the  salts  referred  to  above  would  be  merely  a 
necessary  conHequeooe  if  the  active  adds  underwent  partial  or 
complete  racemisation  subsequent  to  their  separation  from  the 
methylhydrindamine  used  for  their  isolation.  For  this  reason,  the 
possibility  of  racemi. Nation  was  considered  at  an  early  stage  of  the 
work.  The  fact  that  the  uiuiiionium  salt  of  either  of  the  active  acids 
afforded  such  dilYerent  couipouuds  with  d-  and  Z-methylhydiindamiue 
hydrochlorides  {loc.  cit.,  p.  236)  showed  conclusively  that  the  acids 
had  not  racemised  to  any  great  extent,  and  similar  observations  with 
the  sodium  salLs  (see  above)  coniirmed  the  conclusion  that  the  active 
compounds  were  relatively  stable. 

Nevertheless,  in  the  course  of  these  experiments,  it  was  found  that 
during  the  conversion  of  the  dAdB-  or  ^/i^i5-methylhydrindamine 
derivative  into  the  sodium  salt  by  heating  with  excess  of  sodium 
carbonate  during  some  hours,  a  diange  of  some  kind  took  place, 
because,  on  regenerating  the  methylhydrindamine  salt  by  precipitation, 
the  melting  point  of  the  crude  substance  was  sometimes  considerably 
lower  than  that  of  the  original  pure  resolution  product.  Whether 
this  is  really  due  to  racemisation  or  to  decomposition  has  not  yet 
been  ascertained,  as  the  principal  object  of  the.se  experiments  was  to 
study  the  active  acids  ;  with  this  end  in  view,  the  methylhydrindamine 
salts  were  very  cautiously  treated  with  sodium  carbonate,  the  period 
of  heatiug  being  limited  as  far  as  possible;  under  these  conditions, 
little,  if  any,  change  in  the  acids  takes  place,  and  it  was  from  such 
preparations  of  the  active  sodium  salts  that  the  various  compounds 
now  to  be  described,  including  the  dAlB-  and  jil<i£-methyUiydrind- 
amine  derivatives,  were  obtained. 

During  the  investigation  of  these  optically  active  acids,  two  points 
connected  with  their  constitution  have  also  received  attention. 

Further  evidence  has  been  publbhed  (Marsden  and  Kipping,  this 
vol.,  p.  198)  supporting  the  author's  previous  oondusioo  that  the 
acids  are  derivatives  of  beozylethylpropylsilicyl  oxide  and  not  of  the 
corresponding  silicol,  and  it  is  shown  in  this  paper  that  the  sulphonie 
groups  in  the  acids  ocmpy  the  para-positions  in  the  two  benzene 
nuclei.  This  last  point  is  important,  as  it  proves  that  the  optical 
•  activity  of  the  oomponnds  is  not  due  to  the  presenoe  of  an  asymmetric 
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GurboD  group,  whiofa,  oooodvably,  might  have  been  foroMd  bj  the 
dbplacMMPt  of  hydrogen  from  one  of  the  *GHj*  groups  oontained  in 
the  oxide 

EjLFSAIMSliTAL. 

Farther  ezperionoe  in  the  prepemtion  of  snlphobensylothylpropyl- 
stlieyl  oxide  has  hronght  oat  oertain  improvemente  in  the  methods, 
which  mmy  be  briefly  mentioned.  In  decomposing  bensylethylpropyl* 
silii^l  ehloride  (Trans.,  1907,  91,  726),  the  yield  of  the  oorrespanding 
siliool  «0smff  to  be  very  maeh  increased,  and  that  of  the  oxide 
diminished,  when  the  chloride  is  dropped  fairly  quickly  from  a  tap- 
f  annel  into  an  ice-cold  satorated  eolation  of  sodium  carbonate  instead 
of  into  water.  The  alkaline  eolation  is  vigorously  shaken  daring  and 
after  the  addition  of  the  chloride  until  deoompodtlon  is  complete,  and 
the  product  is  then  immediately  extracted  with  ether.  The  separation 
of  the  siliool  from  the  oxide  by  fractional  distillation  under  reduced 
pressure  is  easily  accomplished,  and,  when  the  whole  series  of 
operations  is  carried  out  as  (juickly  as  possible,  the  yield  of  the  former 
may  amount  to  about  85  per  cent,  of  the  theoretical.  Whether  tins  is 
due  to  the  use  of  iiodium  carbonate,  or  lo  the  silicol  not  having  been 
given  time  to  pass  into  the  oxide,  has  not  been  ascertained ;  according 
to  previous  observations  {loc.  ci<.),  the  silicol  may  change  spontaneously 
into  the  oxide  and  water  wiien  it  is  kept  at  the  ordinary  temperature, 
and,  therefore,  it  is  advisable  to  sulphonate  it  without  delay.  It  is 
advantageous  to  obtain  as  much  silicol  as  possible  at  the  expense  of 
the  oxide,  because,  although  the  e/^-sulphonic  acid  is  actually  derived 
from  the  oxide,  it  is  far  more  easily  isolated  from  the  product  of  the 
sulphonation  of  the  silicol  (compare  Marsden  and  Kipping,  loc.  cit.)  ; 
this  curious  fact  has  not  yet  been  accounted  for  ex^ierimentally,  but 
may  be  attributed  to  a  differenoe  in  the  nature  of  the  by-products  in 
the  two  cases. 

The  process  of  sulphonation  has  been  modided  to  some  extent  ;  the 
silicol  and  sulphuric  acid  (2  vols.)  are  vigorously  shaken  together  in  a 
flask,  and  the  emulsion,  the  temperature  of  which  is  raised  to  40°  or 
50"^  by  the  spontaneous  heat  development,  is  rapidly  warmed  in  a 
metal-bath  to  80^,  when  it  is  again  well  shaken.  Sulphonation  is 
complete  within  about  one  minute^  and  the  contents  of  the  flask  are 
then  immediately  cooled  and  poured  into  water.  The  dl-&cid  may 
then  be  isolated  in  the  form  of  its  ammonium  salt  {loc.  cit.f  p.  225), 
or  the  solution  of  the  latter  may  be  directly  precipitated  with 
{-menthylamine  hydrochloride.  The  reduction  of  the  temperature 
from  100^  to  80°  during  sulphonation  seems  to  have  a  marked  offset 
on  the  natore  of  the  ptodoct;  the  yield  of  pure  ammonium  salt  seems 
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to  be  greater,  and  the  ^-menihylamine  salt  obtained  bj  precipitating 
the  crude  prodact»  although  not  a  homogeneous  anbstanoe,  crystallisea 
readily  from  moiat  ethyl  aeeta'U,  and  f uraiahee  pure  ^mentliylaaiine 
aulphobenaylethylpropylailicyl  oride  after  aeyeral  reoryatalliaationa. 

The  by-produeta  obtained  in  the  snlphonation  of  the  riliod  and  the 
oxide  still  await  inyestigatioD. 

JSeaoiution  qf  th$  dX-Aoid. 

The  whole  of  the  dl-add  used  in  tbeee  resolution  ezperiments  was 
prepared  from  the  re  I>menthylamtne  salt,  most  of  which  had  bsen 
isolated  from  the  product  of  the  snlj^onation  of  the  oxide  (Marsden 
and  Kipping,  loe.  t.) ;  some  of  the  toenthylamine  salt,  however,  was 
prepared  from  the  product  of  the  solphonation  of  the  silicoL  The 
acttve  methylhydrindamines  were  obtained  by  resolving  the  dl-htae  with 
(l-bfomoeamphorsalphonic  acid  (T^ttersall  and]Kipping,  Trans.,  1903, 
83,  918)  or  with  <i-tartaric  acid,  and  in  the  latter  ease  the  active 
bases  were  obtained  optically  pure  by  converting  them  into  their 
if-bromoeamphorsulphojiates. 

A  concentrated  neutral  solution  of  the  sodium  salt  of  the  <2l-acid  it 
treated  with  excess  of  the  hydrochloride  of  the  (i-base,  and  the  oily 
precipitate  is  left  to  solidify;  it  is  then  separated  by  dec&ntation, 
washed  with  water,  and  crystallised  from  aqueous  methyl  alcohol 
at  the  ordinary  temperature.  The  first  deposit  is  often  like  putty, 
consistiDg  of  a  fine,  heavy  powder  impregnated  with  oil  ;  as  fractional 
crystallisation  proceeds,  the  crude  lAdB-salt  in  the  filtiiited  becomoa 
more  oily,  the  more  s{)ariugly  soluble  dAdB-i<\\t  more  coarsely 
crystalliuo,  and  attcr  a  seneii  of  operations  tiio  salt  of  the  d-acid 
is  obtained  in  a  pure  state. 

The  resolution  of  the  dUxcid  with  ^methylhjdrindamiue  affordfl, 
of  course,  the  pure  lAl B-s&\t  and  oily  fractions  of  crude  dAlB-salt. 

The  optically  impure  lAdB-  and  /^-derivatives  which  are 
obtained  in  the^ie  resolutions  are  beparately  decomposed  with  sodium 
carbonate  as  described  below,  and  the  resulting  solutions,  which  are 
laevorotatory  and  dextrorotatory  respectively,  are  treated  with  I-  and 
with  rf-methylhydrindamine  hydrochloride  respectively  in  order  to 
obtain  further  quantities  of  the  lAlB-  and  cZ^c^^-salts.  In  this  way, 
employing  the  d-  and  ^baseis  alternately,  it  is  possible  to  resolve  a 
very  large  proportion  of  the  c/Z-acid  into  its  pure  dAdB-  and  lAlB- 
derivatives.  During  these  prolonged  operations,  however,  owing  to 
atmospheric  oxidation  or  some  decomposition,  the  solutions  often 
become  brown,  especially  when  they  have  been  heated  for  some  time, 
and  the  d-  or  /-tnethylhydrindamine  salts,  prepared  from  the  oily 
dAlB'  and  /dciZ^-compounds  re8pectiveiy>  cannot  be  orystaUiaed. 
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•  Aooordingly,  tbe  precipitate  is  roughly  dried  and  dtaeolved  in  boiling 
acetone^  from  whieh  the  erode  dAdB-  or  2i Wealt  is  then  nstiaUy 
deposited  as  a  colourless  powder,  on  e¥aporating  over  sulphorie  add  ; 
this  preparation  is  afterwards  ffaotionally  crystallised  from  slightly 
moist  acetone  or  from  aqnsoas  methyl  alcohol  as  before.  The  erode 
•odimn  salts  obtained  by  decomposing  the  lAdS'  and  (iil/^-derivatives 
may  also  be  purified  by  crystallisation  from  aqneous  methyl  alcohol 
before  precipitating  with  ^he  required  methylhydrindamine  hydro- 
chloride. 

d- Methylhydrindamiiie    d-Sulphobenzylet/n/lpropylinlicyl  Oxides 
SO,H-CeH^-CHj-SiEtPr-0-SiEtPr-CiijU<,U^-aO,H,2CioHi3N. 

This  compound  separates  from  warm  aqueous  methyl  alcohol  in 
small,  transparent  prisms^  bat,  when  crystallisation  takes  place  slowly 
at  the  ordinary  temperature,  the  salt  is  deposited  in  highly  character- 
istic, loond  maasee  of  radially  gsonped  prisms ;  it  is  anhydrous  and 
melta  at  206 — ^207^  decomposing  to  a  slight  extent.  It  is  very  readily 
soluble  in  the  common  alcohols,  and  in  moist  acetone,  and  also  dissolves 
freely  in  chloroform,  but  it  is  almost,  if  not  quite^  insoluble  in 
anhydrous  aoetone,  ethyl  acetate^  or  odd  water. 

Its  specific  rotation  was  determined  in  methyl^alcoholic  solution  in 
a  2>dom.  tube : 

1*062  grams,  made  up  to  26  cc,  gave  a     1*33^;  whence 

[a]D  +  16-6^ 

This  value  agrees  with  those  (4-16*6^  16-0'')  previously  obtained 
(los.  01^.,  p.  235)  with  much  more  dilute  solutions;  the  substitution  of 
water  for  some  of  the  methyl  alcohol  did  not  appreciably  alter  the 
specific  rotation. 
Its  spedfte  rotation  in  chloroform  solution  was  also  determined : 
0*904  gram,  made  up  to  26  ca  in  a  2-dem.  tube,  gave  a +1*04^; 
whence  [a]D  +  14*4*'. 

VMethylhydnndiOitMm  VSidphohtnssjfhthylpropykUieyl  Omds, 

The  ordinary  properties  of  this  salt  are  identical  of  course  with 
those  of  its  optical  antipodes.    Its  spocitic  rotation  was  determined 
(a)  in  methyl-alcoholic  and  {b)  in  chloroform  solutions  : 
(a)  0*926  gram,  made  up  to  26  cc  in  a  2-dcm.  tube,  gave  a  - 1*14^; 

whenoe  [a]o-15'3°. 
(6)  0*888  gram,  made  up  to  26  cc  in  a  2-dcm.  tube,  gave  a  - 1*06**; 
whenoe  [.ajo-.  14*8'*. 
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Sodium  Salts  of  the  Active  Acidi. 

The  preparation  of  the  sodium  salts  from  the  pure  methylhydrind- 
amine  derivatives  of  the  optically  active  acids,  theoretic  ill y  thesimpleet 
operation,  is,  in  fact,  rather  troublesome.  The  organic  base  cannot  be 
estpelled  by  boiling  with  sodium  hydroxide,  as  the  acid  is  thereby 
decompoeed  (p.  472) ;  even  sodium  carbonate,  if  nsed  in  ezcesa,  brings 
about  some  decomposition  or  racemisatioo,  and  has  also  the  die* 
advantage  that  it  gives  the  less  readily  volatile  carbonate  instead  of 
free  metbylhydrindamine. 

In  tbe  earlier  experiments,  the  metbylhydrindamine  salts  were 
separately  treated  with  excess  of  sodium  carbonate,  and  the  carbonate 
of  the  organic  base  volatilised  in  steam ;  as  it  was  essential  that  eveiy 
trace  of  the  metbylhydrindamine  should  be  expelled  before  observing  the 
rotation  of  the  add,  and  as  the  alkaline  solutions  frothed  very  much, 
the  distillation  in  steam  was  necessarily  prolonged ;  as,  farther,  the 
solutions  were  afterwards  concentrated  by  evaporating  on  the  water* 
bath,  the  active  acids  were  exposed  for  a  long  time  to  the  combined 
action  of  the  organic  and  inorganic  bases.  Under  these  conditions, 
solutions  were  obukined  which  gave  the  rough  values  [a]i>+8*d^and 
+  4*2®  for  the  sodium  salt  of  the  cf-aoid,  and  [ajo  -  4  5°  for  that  of  the 

Although  such  solutions  were  invariably  tested  before  the  optical 
examination  and  found  to  he  free  fioiii  metbylhydrindamine,  it  seemed 
desirable  to  ibolatt-  the  sodium  salts  of  the  active  acidis  in  order  to 
afford  indisputable  evideiue  that  the  observed  rotations  were  due  to 
the  silicon  com})ounds  alone. 

For  this  purpose,  and  with  the  object  of  avoiding  prolonged  heating, 
the  pure  dAdB-  and  lAlB-^oXts  were  separately  treated  with  an  aqueous 
solution  containing  a  slight  excess  of  sodium  carbonate,  and  the 
metbylhydrindamine  carbonate  extracted  by  repeatedly  shaking  with 
ether;  the  aqueous  solutions  were  than  evaporated  almost  to  dryness, 
neutralised  with  acetic  acid,  and  mixed  witli  excess  of  methyl  alcohol. 
The  precipitated  sodium  salts  were  5p})  n  ited  by  filtration,  washed 
well  with  methyl  alcohol,  dissolved  in  a  very  little  water^reprecipitated 
with  methyl  alcohol,  and  dried  in  the  air. 

The  sodium  salts  thus  obtained  ci^stallise  in  lustroms  plates  or 
prisms,  and  are  extremely  soluble  in  cold  water,  but  only  sparingly  so 
in  cold  methyl  alcohol ;  when  dried  in  the  air,  they  contain  water  of 
crystallisation,  as  shown  by  the  following  analysis  of  the  salt  of  the 
4-aeid : 

1-467  lost  0*084  at  100^.  H,Or-6*76. 

^24^a«^7^2^*aSij,,2HjO  requires  11,0-6*63  per  cent. 
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The  spectfio  rotatknu  of  the  ankydioiit  nits  ware  dtterauMd  in 
aqueouB  solotion : 

Salt  of  <i«oid :  1  '37  grams,  made  up  to  20  c.c.  in  a  2'dom.  tube, 
gave  0  +  0-72°;  whence  [a]o  +  5-2°. 

Salts  of  /-acid  :  0*5  gram,  made  up  to  25  c.c.  in  a  2-dcm.  tube, 
gave  a  -  017'^ ;  whence  [a]„  -  4'2°. 

Although  these  values  did  not  agree  very  well  (the  experimental 
error  in  the  latter  case  may  have  been  considerable),  the  determina- 
tions were  not  repeated,  as  there  was  no  object  in  isolating  the  sodium 
salts,  except  to  prove  that  they  were  optically  active. 

Higher  and  more  concordant  values  for  the  speci6c  rotations  of 
these  salts  were  obtained  in  the  following  manner.  A  weighed 
quantity  (2 — 3  grams)  of  the  pure  dAdB-  or  lAlB-m\t  is  dissolved  in 
ethyl  alcohol,  treated  with  a  slight  (about  6  per  cent.)  excess  of 
crystallised  sodium  carbonate,  and  the  methyl hydrindamine  volatilised 
in  a  rapid  current  of  steam,  the  di.>tillation  flask  being  directly  heated 
over  a  free  tlamo ;  the  troublesome  frothing  of  tlie  solution  is  thus 
almost  entirely  prevented,  and  the  whole  of  the  organic  base  may  be 
expelled  in  about  fifteen  minutes ;  the  boiling  solution  is  then  trans- 
ferred to  an  evaporating  basin,  concentrated  to  about  10  c.c,  neutralised 
with  acetic  acid,  and  cooled ;  after  filteri^ig  from  traces  of  a  flocculent 
substance,  the  filtrate  and  washiags  aio  made  up  to  20  cc  In 
a  2-dcm.  tnbe : 

2-85  gnuni  dAdB  (-2*01  gnfms  of  aodinm  Bali)  gave  a -I- MS**; 

whence  [a]D'l-5*8^ 
2-90  gfams  lAlB  (-2-06  grams  of  sodium  salt)  gave  a- 1*20; 

wbsnoe  [a]p-5*9^ 

These  speeifio  rotations  are  calculated  for  the  sodium  salts,  and  are 
the  highest  and,  doubtless^  the  most  trustworthy  values  which  have 
been  obtsined. 

Partial  Bac^mwUUm  or  DtcompoaUion  of  the  Actiye  Acids, 

Under  the  conditions  just  described,  the  alkaline  solutions  of  the 
sodium  salts  of  the  active  acids  are  only  heated  daring  about  forty-five 
minutes  at  the  very  most,  and  little^  if  any,  change  occurs  in  the 
seids  themselves ;  this  is  proved  by  the  fact  that^  when  the  dAdB'  or 
I^Wsalt  is  prepared  again  from  the  solution  of  the  sodium  salt  by 
adding  the  required  hydrochloride  of  d-  or  /-methyl bydrindaminoi  the 
product,  after  having  been  merely  washed  with  water  and  dried,  melts 
at  practically  the  same  temperature  as  the  original  compound.  When, 
on  the  other  hand,  in  decomposing  the  methyihydrindamine  salty  the 
active  add  has  been  heated  in  alkaline  solution  during  a  much  longer 
period,  the  crude,  regenerated  methyihydrindamine  salt  may  begin  to 
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sinter  at  about  185^  and  melt  at  about  190^,  an  indieatum  that  partial 
raoemisation  has  occurred. 

This  evidence  is  oorrobovated  by  the  yalnes  obtained,  in  the  eariier 
determinations,  for  the  spedfio  rotations  of  the  sodium  salts  prepared 
without  the  above  precautions  having  been  taken.  When  such  solutions 
of  the  sodium  salts  are  fractionally  precipitated  with  methyl  alcohol, 
the  sparingly  soluble  frsotions  seem  to  consist  of  the  optically  pure 
sslt,  the  (tf-compound  remaining  for  the  most  part  in  the  mother 
liquors. 

Although,  therefore,  there  is  some  evidence  that  rsoemisation  occurs 
when  the  add  Is  heated  for  some  iloM  in  presence  of  methylhydrind- 
amine  and  sodium  carbonate,  the  matter  has  not  been  very  carefolly 
studied,  and  the  observed  changes  may  possibly  be  due  to  decomposi- 
tion ;  the  principal  object  in  view  was  to  obtain  the  sodium  salts  of 
the  optically  pure  active  acids,  and  this  seems  to  have  been  attained  in 
the  manner  described  above. 

Metallic  Salts  of  the  Active  Acids. 

The  harwm  salts  of  the  active  acids,  like  that  of  the  «U-componnd, 
are  well-ciystallised  substances,  praotaoally  insoluble  in  water,  but 
readily  soluble  in  hot  aqueous  aloohoL 

The  eMvm  salt  is  pree^itated  as  an  oil  on.adding  calcium  ehloride 
to  an  aqueous  solution  of  the  sodium  salt ;  it  is  soluble  in  hot  water 
and  in  cold  aqueous  methyl  alcohol. 

The  Uod  salt  is  readily  soluble  in  boiling  water,  and  separates  on 
cooling  in  highly  lustrous  plates. 

\-Methylhyd$indmnmB  d'Sul^ithehms^ethi/lpropjfh&ioyl  Oxide, 

On  adding  excess  of  /-methylhydrindamine  to  the  sodium  salt  of  the 
d-acid  in  aqueous  solution,  there  results  an  oily  precipitate  which 
shows  no  tendency  to  crystallise,  but  which  gradually  changes  to  a 
rather  pasty  or  gelatinous  solid  when  it  is  stirred.  This  salt  is 
practically  insoluble  in  water  in  presence  of  sodium  chloride  and 
/-methylhydrindamine  hydrochloride,  but,  when  it  has  been  washed  by 
decantation,  it  dissolves  to  a  considerable  extent ;  the  cold  aqueous 
*  solution  first  becomes  turbid  and  then  clear  again  when  it  is  warmed, 
and  it  is  also  changed  to  a  milky  fluid  on  the  addition  of  a  little  methyl 
alcohol  or  sodium  chloride.  The  salt  is  very  readily  soluble  in  methyl 
alcohol,  from  which  it  is  precipitated  as  an  oil  on  adding  water,  but 
from  dilute  solutions  in  highly  aqueous  methyl  alcohol  it  separates  in 
flocculent  masses  which  seem  to  consist  of  threads  of  gelatinous  qpherds. 
It  dissolves  freely  in  hot  acetone  in  presence  of  traces  of  water,  and,  on 
cooling,  the  solutum  sets  to  a  stiff  jelly,  which  changes  to  a  friable 
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solid  when  kept  over  snlpharic  add  until  all  the  flolvent  has  evaporated ; 
it  ehowB  a  sindlar  behayiour  towards  moist  ethyl  acetate,  and  is  also 
precipitated  from  ihis  solyent  as  a  jelly  on  the  additSon  of  light  petro- 
lemiL'  Solutions  in  highly  aqueous  acetone,  when  eyapotated  at  the 
ordinary  temperature,  set  to  an  opalescent  mass,  in  which  after  some 
time  white  patches  appear  and  gradually  spread,  just  as  if  a  mould 
were  growing  iu  a  nutritious  medium. 

The  friable  solid  obUiined  with  the  aid  of  acetono  sinteis  a  little  at 
about  H8°,  and  is  completely  melted  at  about  152^,  but,  as  no  satis- 
factory method  of  purifying  the  ^alt  was  discovered,  it  is  possible  that 
its  melting  point  may  be  a  little  higher. 

For  the  determination  of  its  specific  rotation,  the  solid,  from  acetone, 
was  dried  at  lOO*'  and  examined  in  methyl-alcoholic  solution : 

0*754  gram,  made  up  to  20  c.c.  in  a  2-dcm.  tube,  gave  o-  118°; 
•whence  [a]n  -  15*6° 

Attention  has  already  been  drawn  to  the  great  contrast  between 
this  salt  and  the  /il/j5-derivative  in  outward  properties,  and  yet  the 
two  compounds  have  the  same  specific  rotation  in  methyl-alcoholic 
solution  ;  this  is  also  true  in  the  case  of  other  pairs  of  salts  of  tlie  type 
dAlB  and  lAlBy  the  rotation  being  apparently  unafEected  by  the 
molecule  oi  the  acid. 

This  salt^  prepared  by  precipitating  a  solution  of  the  sodium  salt  of 
the  /*acid  with  <l>methylhydrindamlne  hydrochloride,  is,  of  course, 
identical  with  its  optical  antipodes  in  ordinary  properties ;  its  specific 
rotation  in  methyl-alcoholic  solution  ([ajo  +15  6°)  has  been  given 
before  {loc  cit.f  p.  235),  and,  although  the  specimen  there  used  was 
probably  not  quite  free  from  <lAdB-sa.\t,  it  seemed  unnecessary  to  repeat 
the  determination,  as  the  optical  impurity  has  practically  the  same 
rotation. 

When  the  lAdB-  and  t/il/^-methylhydrindamine  salts  are  mixed 
together  in  aqueous  alcohol  and  the  solution  is  allowed  to  crystallise 
at  the  ordinary  temperature,  it  deposits  a  fine,  white  powder,  totally 
different  in  outward  properties  from  the  gelatinous  lAdB-  and  dAlB- 
salts;  this  powder,  when  dried  in  the  air,  molts  indefinitely  at  tempera- 
tures varying  from  about  175°  to  185",  that  is  to  say,  its  behaviour  is 
the  same  as  that  of  the  salt  prepared  by  mixing  or  crystallising 
together  the  ciildJS- and  /yl?/?-mothyihydrindann*ne  salts.  The  behaviour 
of  a  mixture  of  the  dAdB  imd  /^///-compounds  has  also  boon  examined 
again,  and  the  results  fully  confirmed  previous  observations  (^oc.  ci(., 
pu  237). 
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This  compound  is  obtained  as  a  crystalline  precipitate  on  addinpf 
^-menthylamine  hydrochloride  to  the  sodium  salt  of  the  <£-acid  in 
aqueous  solution  ;  it  crystallises  well  from  aqueous  methyl  alcohol  or 
from  moist  ethyl  acetate,  and  melts  at  228 — 229°  {see  below): 

0-6493  of  air-dried  salt  lost  0-0490  at  100°.    Hj,0  =  7-5.  , 
C^^HgoO-N  .Sj^igj  iHoO  requires  HjO  =  7*6  per  cent. 

'i'he  specific  rotation  of  the  anhydrouB  salt  waB  determined  in  methyl- 
alcoholio  eolation : 

0*6  gram,  made  up  to  80  o.e.  in  a  2-dem.  tube,  gave  a  -  0*93^;  whence 

hMwwthjflamine  \'Sfdpkohmi^fi$lhylpropyhilicyl  OMt* 

This  salt  is  prepared  from  a  solution  of  the  sodium  derivative  of  the 
/-acid  in  a  similar  manner;  it  crys-tallises  well  from  oquecus  methyl 
alcohol  or  moist  ethyl  acetate,  and  melts  at  226—227°  (see  below)  : 

0-6807  of  airnlried  salt  lost  0*0525  at  100».   H,0  -  7  7. 
The  specific  (rotation  of  the  anhydroue  salt  was  determined  in 
methyl-alcoholic  eolation : 

0'638  gram,  made  up  to  20  e.c.  in  a  2-dem.  tube,  ga^e  a  -  0*97^ ; 
whence  [a]i,  - 16-5° 

The  /-ment^ylamine  salts  of  the  and  (/-acids  resemble  one  another 
very  closely,  and  are  also  almost  indistinguishable  fioni  the  salt  of  the 
(//-acid,  which  crystallises  with  4  molecules  of  water  and  has  a  specific 
rotation  [a]i,-15'5°  in  methyl-alcoboiic  solution  (loc.  ct7.,  p.  229). 
The  three  compounds  were  separately  crystallised  from  aqueous  methyl 
alcohol  and  from  moist  etbyl  acetate  under  similar  conditions  and 
compared  directly,  but  the  only  slight  difference  which  could  be 
observ^ed  was  that  the  snlt  of  the  /-acid  seemed  to  form  rather  smaller 
crystals  than  the  other  two.  The  melting  points  of  the  three  salts 
were  also  compared  directly  ;  employing  samples  crystalli>ed  from 
aqueous  methyl  alcohol  and  dried  at  100°,  and  heating  in  the  ordinary 
way,  that  of  the  c//-acid*  always  melted  first  at  225 — 226°,  followed 
by  that  of  the  /-acid  at  226—227°,  that  of  the  (/-acid  melting  last  at 
228 — 229".  These  values  are  rather  relative  than  absolute,  as, 
probably  owing  to  slight  decomposition,  the  melting  points  are  not  very 
sharp.  When  samples  of  the  salts  obtained  from  moist  ethyl  acetate  and 
dried  in  the  air  are  heated  in  a  similar  manneri  they  ahow  the  behaviour 

*  The  salt  of  the  cfZ-acid  was  prepared  by  imd|dtatiou  from  a  carefully  purified 
specimen  of  tlie  ammoniuin  salt,  nnd  was  only  recrystallised  once,  so  that  it  doubt' 
leM  contained  equal  quantities  ol  the  dAlB'  and  /,il/^*compoand8. 
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jnat  noorded ;  whan,  however,  sneh  samples  are  first  suddenly  heated  at 
about  160^,  they  immediately  melt  more  or  less  in  their  water  of 
erystallisatioiit  and  then  solidify  again  ;  if  the  temperatnre  is  then 
nused  gradaally,  the  salt  of  the  <il-acid  melts  at  2S8'286**,  followed 
by  that  of  the  lUeid  at  335^336%  that  of  the  ^^d  meltii^  last  at 
236—337^.  This  alteration  of  the  melting  point  according  to  the  rate 
of  heatiog  is  no  doubt  due  to  dimorphism  of  the  anhydrous  salts ;  it 
is  not  always  observed,  and  sometimes  melting  extends  over  several 
degre€s,  as  if  the  one  cry^talline  form  were  changing  into  the  other, 
80  that  the  secjueuce  given  above  for  the  modifications  of  higher  melt- 
ing point  is  not  invariable.  These  observation?,  however,  seem  to  show 
conclusively  that  there  is  a  difference,  although  a  sniall  one,  between 
the  salts  of  the  d-  and  Z-acids  which  is  not  due  to  the  presence  of  optical 
impurity,  as  one  crystalline  form  of  the  salt  of  the  ^f-acid  melts  higher, 
the  other  lower,  than  that  of  the  corresponding  form  of  the  salt  of  the 
/-acid.  That  the  raising  of  tho  melting  points  wlien  the  salts  are  suddenly 
heated  is  not  merely  due  to  a  difference  in  the  extent  of  their  decom- 
position is  easily  shown  ;  if  one  of  two  tubes  containing,  tay,  the  salt  of 
the  tZ/-acid  is  plunged  for  a  moment  into  a  bath  at  160'^,  and  then  both 
are  slowly  and  simultaneously  heated  from  tho  ordinary  temperature,  the 
sample,  which  has  not  beea  previously  heated,  melts  at  225 — 226%  the 
other  at  233—235°. 

This  variable  and  not  very  dednite  melting  point  of  the  salt  of  the 
dlsuiid  has  been  repeatedly  observed,  and  was  thought  to  be  due  to 
decomposition  or  to  the  fact  that  the  salt  was  a  mixture  of  components, 
the  relative  proportions  of  which  might  be  altered  to  some  extent  by 
repeated  crystallisation  (Marsden  and  Kipping,  loc.  cil.) ;  for  this 
reason,  the  average  value  of  the  melting  point  (about  230^)  was 
previously  given.  The  melting  point  (about  23^)  previously  assigned 
to  the  rmcnthylamine  salt  of  the  optically  impure  /-acid  (loe,  eU., 
pi  235)  is  probably  that  of  a  mixture  of  the  two  lAlB-aaliM,  melting  at 
236—227*'  and  236— 237^'  respeetiyely. 

Further  AUtnipU  to  Resolve  the  X-Menthylamine  Salt. 

It  is  conceivable  that  the  lAlS-  and  <lii{J?*menthylamine  salts  might 
differ  soffidently  in  solubility  to  allow  of  theirseparation,  and  yet,  owing 
to  the  similarity  of  the  different  fractions  in  outward  and  in  optical 
properttesi  the  faot  that  the  dl-tudd  had  been  resolved  might  easily 
remain  undisoovered.  In  the  hope  of  being  able  to  substitute 
Amenthylamine  for  the  far  less  accessible  active  methylbydrindamines, 
some  further  ezperimente  were  made  with  this  base ;  a  sample  of  the 
salt  of  the  cK-add  was  crystallised  several  times  from  warm  moist  ethyl 
aoetale^  and  then  two  or  three  times  from  hot  anhydrous  ethyl  acetate 
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eoDtainiDg  a  little  methyl  alcohol,  until  only  a  very  small  proporium 
o£  the  origiDal  sample  remained.  This  was  converted  into  sodium  ealt^ 
and  the  sohition  precipitated  with  d-me^ylhydrindamine  hydro- 
chloride; the  crude  air-dried  prodact  melted  from  175—180%  and 
therefore  consisted  of  a  mixture  of  the  dAdB'  and  Mcf^-ealts. 

^'Bwnylamine  A'Sulphohenzylethylpropylsilicyl  Owid$, 

This  salt  is  precipitated  from  a  solution  of  the  sodium  salt  of  the 
ef-acid  as  an  oil,  which  soon  solidifies  and  crystallises  well  from  aqueous 
methyl  alcohol ;  the  air-dried  compound  is  anhydrous,  and  melts  at 
210—211°;  its  speoifio  rotation  was  determined  in  methyl-alcoholic 
solution : 

0*705  gram,  made  up  to  20  o.a  in  a  2-dem.  tube,  gave  a+0'65^; 
whence  [a]]) +9*2^. 

d-Bomj^amin9  I'SulphobenzyhihylfrcpylfiUeyl  Omde, 

This  suhstance  was  prepared  in  a  similar  manner  from  the  sodium 
salt  of  the  /-acid  ;  the  air-dried  crystals  are  anhydrous,  and  melt  at 
212 — 213°.  The  specific  rotation  was  determined  in  methyl-alooholio 
solution  : 

0*614  gram,  made  up  to  20  c.c  in  a  2-dcm.  tube,  gave  a+0*5d°; 
whence  [a]i»-i-9*6''. 

The  ({-bomylamine  salts  of  the  (2-,  ^,  and  dl-hcidm  ate  very  similar, 
and  even  when  compared  directly  are  almost  indistinguishable ;  they 
all  separhte  from  aqueous  methyl  alcohol  in  lustrous  prisms,  but,  when 
deposited  under  similar  conditions,  the  salt  of  the  /-acid  seems  always 
to  give  the  smallest  and  least  well-defined  crystals.  When  heated  side 
by  side,  the  salt  of  the  <^^aeid  melts  first  at  207—208**,  then  that  of  the 
d^d  at  210—211%  and  finally  that  of  the  ^d  at  212—218*';  the 
salts  decompcee  a  Httle,  and  their  melting  points  seem  to  depend  to 
some  extent  on  the  rate  of  heating,  but  recrystallisation  failed  to  raise 
the  melting  point  of  the  salt  of  the  ^-acid  as  high  as  that  of  the  salt  of 
the  (f-add.  The  salt  of  the  dl^d  used  in  these  comparisons  was 
prepared  from  pure  ammonium  ctf-sulphohenzylethylpropyUilicyl  oxide, 
and  only  crystallised  once ;  the  slightly  higher  melting  point  (208— 
210^  previously  given  for  this  compound  may  be  <^e  result  of  a 
differeooe  in  the  rate  of  heating. 

CinchomidiiM  SaUs  of  the  d-  and  l-Acids. 

These  compounds  were  prepared  by  precipitating  solutions  of  the 
sodium  salts  of  the  active  acids  with  dnehonidine  hydrochloride, 
Clj0H||ONyHOl,2H2O  (Merok) ;  the  oUy  pieeipitates  were  washed 
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well  with  water,  dried,  and  dissolved  in  anhydrous  acetou»>  containing 
a  trace  of  methyl  alcohol;  the  compounds  separated  as  crystalline 
powders,  consisting  of  small  prisma,  when  these  solutions  were 
evaporated  over  sulphuric  acid. 

The  specific  rotations  were  determined  in  methyl-alcoholio  solution 
with  samples  dried  at  100°. 

Salt  of  (2-acid  :  0*503  gram,  made  up  to  20  c.c.  in  a  2-dcm.  tube, 
gave  a- 3-60°  i  whence  [a ]u  -71-5° 

Salt  of  ^acid  :  0*528  gram,  made  up  to  20  cc  in  a  2-dcm.  tube,  gave 
a  -  3-78°  ;  whence  [a  ]n  -  7 1  '6° 

These  values  are  practically  the  same  as  that  ([a]o  —73*1°)  obtained 
for  the  salt  of  the  ti^-acid  in  more  dilute  solutions. 

The  melting  points  of  the  salts  were  compared  directly ;  that  of  the 
^acid  melted  at  149  —  150°,  that  of  the  d-acid  at  154—156°,  whems 
that  of  the  cW-acid  melts  at  148—150°  (fcc.  cil.,  p.  232).  The  deriva- 
tive of  the  /-acid  was  recrystaUiaed  from  ethyl  acetate  containing 
methyl  alcohol,  but  its  melting  point  underwent  no  change,  so  that 
the  cinchonidine  salts  of  the  active  acids  show  a  more  considerabfo 
differenoe  than  either  the  /-menthylamine  or  the  <i-bornylamine 
d«riTativQB ;  their  melting  points,  however,  aro  not  very  easily  deter- 
mined, as  the  melting  substances  give  an  opaque  froth,  apparently 
owing  to  the  inclusion  of  air.  The  beha\'iour  of  the  salts  towards 
■oivants  is  similar  to  that  of  the  derivative  of  the  dl-Acid,  and  it  may 
be  noted  that  they  are  all  praetioally  insoluble  in  ethyl  acetate  in 
complete  abflonoe  of  moisture. 

Cinchmiidine  Hydrogen  Salu  of  Ute  d-  and  \- Acids, 

The  normal  salts  of  the  active  acids  were  separately  converted  into 
the  hydrogen  salts  as  described  in  the  case  of  the  derivative  of  the 
dl-mA  (p.  233)^  and  the  washed  precipitates  were  dried.  The  brittle, 
resinoos  nuuaw  so  obtained  were  then  dissolved  in  anhydrous 
acetone  containing  metl^l  alcohol,  and  the  aolotions  evaporate^  over 
snlphmrie  add.  The  salts  were  then  deposited  as  colourless,  micro- 
crystalline  powders.  Their  melting,  or  decomposing,  points  were  com< 
paved  directly,  and,  although  they  varied  very  considerably  with  the 
rale  of  heating,  the  salt  of  the  <l4und  always  decomposed  about  3** 
lower  than  that  of  the  ^4u»id,  and  its  melting  point  did  not  alter  on 
recrystallising. 

When  heated  in  the  ordinary  way,  the  salt  of  the  (i-aoid  darkened 
at  about  222%  and  decomposed  completely  at  about  224° ;  that  of  the 
l-add  darkened  at  about  225**,  and  decomposed  completely  at  about 
227°.  When  heated  much  more  rapidly,  the  respective  temperatures 
were  about  3°  higher  in  sU  oases.   ▲  coarse  mixture  of  the  two  salts 
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decomposed  just  before  the  derivative  of  the  d-acid;  the  decomposition 
point  of  the  ealt  of  the  cU-ftoid  wm  prenoasly  given  m  220^  {he,  oU.), 

Decompoaitum  of  dl-StUphobmzt/lethyljjropylsilicyl  Oxide. 

When,  in  isolating  the  cU-aoid  from  the  aulphonation  of  the  oxide  or  - 
of  the  tilkol,  the  erode  produet  ie  evaporated  with  excess  of  ammonia 
{loe,  cU,,  p.  226),  the  eolation  remaine  olear,  and  no  sign  of  decom* 
position  has  ever  been  oheerved ;  even  when  solutions  of  the  sodiom 
salt  of  the  add  ere  boiled  with  sodium  oarbonate  daring  some  time, 
only  traces  of  a  flooeulent  precipitate  are  formed.  When,  however, 
the  acid  is  heated  at  100^  with  excess  of  concentrated  sodium  hydroxide 
solution,  it  is  slowly  but  completely  decomposed,  and  the  solution 
becomes  turbid,  owing  to  the  separation  of  a  viscous,  insoluble  silicon 
compound,  which  has  not  yet  been  examined.  The  alkaline  solution, 
separated  from  the  silicon  compound  by  filtration,  neutralised  with 
acetic  add,  and  concentrated  if  necessary,  gives  with  ^menthylamine 
hydrochloride  an  dly  precipitate  which  soon  solidifies,  and  which 
crystallises  well  from  aqueous  methyl  alcohol  in  long,  slender  needles. 

The  air^ried  salt  (0*4285  gram  lost  0-0428  gram  at  100^)  contained 
10*0  per  cent,  of  water  of  crystallisation,  and  the  equivalent  of  the 
anhydrous  compound,  determined  by  titration,  agreed  with  that 
required  for  the  menthylamine  salt  of  toluenesulphonie  add. 

As  it  seemed  highly  probable  that  the  soluble  decomposition 
product  of  sulphobeuzylethylpropylsilicyl  oxide  would  be  /7-toluene- 
Bulphonic  acid,  some  of  the  hydrocarbon  was  sulphonated  with 
sulphuric  acid  and  the  resulting  sulphonic  acids  converted  into  their 
Z-menthylamine  salts,  but  the  fractional  crystallisation  of  this 
preparation  from  aqueous  methyl  alcohol  failed  t<>  separate  the  o-  and 
/)-isomerides.  A  sample  of  toluenesulphonie  acid,  obtained  from 
Kahlbaum,  was  converted  into  its  ^menthylamine  salt,  and  the 
preparation  dried  in  the  air  : 

0-3181  lost  0  0321  at  100°.    1130=  lO-l. 

Ci7H„03NS,2H20  requires  H^O^d-Q  per  cent. 

This  specimen  of  l-menthylamine  j9-toluenesulphonate  was  indis- 
tinguishable in  outward  properties  from  that  obtained  from  the 
product  of  the  decompodtion  sulphobensylethylpropylnlicyl  oxide; 
when  heated  ride  by  dde,  the  two  preparations  .mdted  dmultaneoudy 
at  201-^202^  (the  former  sintering  a  little  at  about  199*) ;  a  mixture 
of  the  two  also  melted  at  this  temperature^  and  gave  a  homogeneous 
depodt  when  erystallised  from  aqueous  methyl  alcohol. 
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Furllii&r  ExpetimerUa  on  the  Jiesolution  of  di-SiUphobenzylethjflpropyl' 

giiicyl  Oxide, 

In  tbe  ooiine  of  aome  of  the  earlier  experimentB  on  the  resolution 
of  tiie  dI'Midy  a  solution  of  its  sodiom  salt  was  precipitated  with  the 
hydroeUoride  of  Momenthylamine  (Tatin  and  Kipping,  I^rans.,  1904, 
86,  65),  and  the  product^  whieh  solidified  in  the  course  of  a  few 
days,  was  anhmitted  to  fractional  erystaHisation.  EVom  its  solution 
in  aqueous  methyl  alcohol  or  acetone^  it  was  deposited  as  an  oil>  even 
at  (P,  but  it  ultimately  solidified  again  when  nearly  all  the  organic 
solvent  had  evaporated.  A  solution  of  the  roughly-dried  salt  in 
anhydrous  acetone,  however,  deposited  a  fine  powder  when  evaporated 
over  sulphuric  acid,  and  the  original  preparation  was  in  this  way 
separated  into  four  fractions.  The  first  and  last  of  these  had 
practically  the  same  melting  point  (160 — 162°)  and  the  same  specific 
rotation  in  90  per  cent,  alcoholic  solution  :  * 

« 

L  0'5i66  gram,  made  up  to  26  cc  in  a  2-dcm.  tube»  gave  a  +  0*23° ; 

whence  [aJo+d'S^. 
lY.  0*4915  gram,  made  up  to  25  c.c.  in  a  2-dcm.  tube,  gave  a + 0*23° ; 

whence  [a]|>+5'8^. 

These  results  seemed  to  show  that  the  etf-add  had  not  been  resolved, 
and  this  conclusion  was  subsequently  confirmed  by  examining  the  salts 
obtained  by  combining  the  acid  from  the  fir^^t  fraction  with  d-  and  with 
/-methylhydrindamine. 

/-woMenthylamine  (i/-siilphobenzylethylpropylKilicyl  oxide  does  not 
crystallise  well  j  it  16  practically  insoluble  in  acetone  iu  absence  of 
moisture. 

It  may  be  mentioned,  in  conclusion,  that  the  active  hydrindiuuiues 
cannot  be  successfully  used  in  place  of  the  methylhydrindamiDes  for 
the  resolution  of  the  c^^acid,  as  their  salts  do  not  crystallise. 

The  author  gratefully  acknowledges  the  financial  assistance,  for 
which  he  is  indebted  to  the  Government  Grant  Committed  of  the 
Boyal  Society. 

UvmnsiTV  Couioa, 
NorrnroHAM. 
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XLV.— 2%e  MetaUic  Picrates. 

By  Oswald  8ilbbbrad,  PI1.D.,  and  Hsnrt  Abubtt  Philups. 

Ths  present  inveetigation  was  rendered  neoeeeaiy  bj  the  nuneroas 
diserepancies  between  the  statements  of  premns  workers  as  to 
the  composition  and  properties  of  the  metalUo  pierates»  In 
many  instances  the  older  data  have  had  to  be  corrected.* 

The  metallic  salts  were,  in  generali  prepared  by  bringing  together 
picric  add  and  the  carbonate  of  the  metal  in  question,  and  evaporating 
the  solution  nntil  the  oystals  appeared  on  oooUng.  The  chief  diffi- 
onltj  encountered  is  doe  to  the  rapidity  with  which  the  crystals 
alt«p  in  the  air. 

X  it/t  hi  m  Pier  ate. 

Beamer  and  Clark  obtained  the  anhydrous  salt  fioop  alcoholic 
solution.    No  hydra  ted  salts  appear  to  have  been  prepared. 

TiltiiAifdraU,  OgH^NO,)3*OLi,4H^O.~This  is  obtained  by  mixing 

*  In  oidtr  to  sfoid  repetition,  the  references  used  tluronghoat  the  pveient  paper 
are  collected  together  in  the  following  lista,  tnd  the  anthon  are  tefotnd  to  only  hy 

nnme  in  dealing  with  their  work  on  tlio  various  salts  : 

Welter,  Ann.  Chim.  Phy»,,  1795,  [i],  29,  301  ;  Scher.  Jour.,  1800,  8,  715; 
Chevi-enl,  Ann.  Chim.  Phys.,  1809,  [i],  72,  113;  Hatchett,  OchL  Ann.,  1803,  1, 
869;  Fourcroy  and  Vauquclin,  Grhl   Ann.,  1804,  2,  231;  LieMg,  ScJiurig.  Jonr.y 

1827,  49,  373  ;  Poyg.  Ann.  1828,  18,  191  ;  Anji.  Chim.  Phys.,  1827,  [li],  36,  72  ; 

1828,  37,  286;  Miller,  Pogg.  Ann.,  1885,  36,  478  ;  Rose,  Pogg.  Ann.,  1840,  49. 
186 ;  Damaa,  Ann,  dUm.  Phft.,  1888,  [iij,  68,  266 ;  1841,  2,  204 ;  /.  pr.  Ohem,, 
1841,  24,  218  ;  Annalen,  1841,  39,  353  ;  Marcl.an.l,  J.  pr.  Ch'-m.,  1841,  23,  363 ; 
1^11,  32,  35;  Annahn,  1843,  48,  336  ;  1814.  52,  345  ;  Schunck,  Annalen,  1841, 
39,  7;  Uurent,  Ann.  Chim.  Phys.,  1841,  [iiil,  3,  221;  J.  pr.  Chem.,  1842,  26, 
■m  •  Rev.  Sncnt.,  9,  26);  Annalen,  1842,  43,  219;  Kopp,  Ann.  Chim.  Phys., 
1845,  [iii],  13,  233;  Rieckher,  Arch.  Pharm.,  1845,  [ii],  44^  168;  Steuhousc, 
^ftttolMi,  1846,  67,  88 ;  J,  pr.  Ckm*,  1846,  88i  821 ;  Joum,  Chtm,  Soc,  1868, 21, 
160 ;  G^houra,  Ann,  Chim.  Phy8„  1849,  [iii],  25,  26  ;  pr,  Okem.,  1849,  46,  887; 
Schabus,  Jahresher.,  1850, 892 ;  Moretti,  compare  Omelin's  Handhiichdc  Chemie,  1852, 
Bd.  V,  68")  ;  Carey  Lea,  Silliman's  Journ.,  1858,  26,  379;  1860,  30,  402;  1861, 
81,  7s  ;  Chem.  Oaz.,  1859,  1  ;  U^p.  Chim.  pure,  1859,  1,  227;  von  Rath,  Pogg. 
Ann.,  ISGO,  110,  114;  Kuhliuanii,  Annalen,  1863,  126,  78;  Bull.  Soc.  ehivu, 
1864,  [iiJ,  1,  330 ;  Jahruber.,  1864,  254  ;  Bbttger,  JahreOtr,  i%K.  FerHnB.  JWmi^ 
Jkui,  im,  66.  66 ;  JahrtOer.t  1866, 860 ;  Miiller,  SSeUMh.  ftir  Cftem.,  1866,  189 ; 
fO^g.  Ann,,  1866, 124,  103  ;  Miiller  and  StenhoUW,  Jahresbcr.,  1  <^nn.  r>SO  ;  Quart, 
Journ.  Chem.  Soc,  1866,  4,  235  ;  Friach,  J.  pr.  Chem.,  1867, 100,  1.^29  ;  Jahresbcr., 
1867,  622;  Lossrn,  AnywUn,  186«,  Suppl.,  6,  233;  rest  and  Mehrtcns,  Ber.,  1875, 
8,  1552  ;  Boamer  and  Clarke,  JJer.,  1879,  12,  1068  ;  Reychler,  Ber.,  1884,  17,  2264; 
Tsehclzoir,  Ann.  Chim.  Phys.,  1886,  [vij,  8,  233 ;  v.  Rothenberg,  Ber.,  1894,  27, 
690 ;  Yaret,  Ann,  OMm,  Phys.,  1896,  [viij,  8,  180 ;  Hantnch  and  Avid,  Ar., 
1906,  89,  1105 ;  Cook,  J,  Amer,  Ohm,  Soc,  1906,  28i  618. 
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equivalent  quantitiee  of  lithiam  carbonate  and  pioric  add  and 
allowing  the  aeneous  eolation  to  erapotate  elowlj  at  the  ordinary 
temperature.  It  crystaUieeB  in  yellow,  priematio  needles,  which 
gradnally  pass  into  the  monohydrate  with  separation  of  water  even 
when  kept  in  atmosphere  saturated  with  moisture  : 

Found.  N  =  13-77. 

C^HjOyNsLiyiHgO  requires  N  » 13*71  per  cent. 

The  mum/okydfaUt  QfiJJSiO^'OlA^SLfi,  is  obtained  when  the 
teferahydrate  is  allowed  to  stand  (preparation  1}  or,  more  rapidly 
when  heated  to  80^  (preparation  II).  It  is  also  fonned  when  a 
hot  oonoentrated  solution  of  the  salt  in  water  is  allowed  to  oool 
rapidly  (preparation  III),  and  when  the  anhydrous  salt  is  exposed 
to  air  under  ordinary  conditions  (preparation  IV)  or  in  an  atmosphere 
75  per  cent,  saturated  with  moisture  at  26^  (preparation  Y) : 

Found,  N  =  (l)  lG-90;  (II)  lG-55  ;  (III)  16-46.  HjO  =  (I)  6-84; 
(II)  6-86. 

C^HjOyNgLi.IiiO  requires  N=  16  64;  H20  =  7-12  per  cent. 
Loss  of  weight  on  exposing  tetrahydrate  to  a  temperature  of  80°  : 

Found,  (a)  17*91 ;  (6)  18  07. 
CeH,C^NtLi,4HsO  requires  (for  a  loss  of  3^0)  17*60  per  cent. 

Increase  In  weight  on  exposing  anhydroua  aalt  to  air : 

Found,  (IV)  7-52  ;  (V)  7-57. 

CgHgO-NgLi  requires  for  IH^O  an  increase  of  7'66  per  cent. 

The  monohydrate  is  obtained  in  dark  orange-yellow,  rhombic 
crystals  by  rapidly  cooling  a  saturated  solution,  or  by  allowing  the 
tetrahydrate  to  stand.  When  prepared  by  the  other  methods,  it  is  a 
dark  yellow  powder. 

The  anhydroua  salt,  CgH.,(NOg)g*OLi,  is  obtained  by  exposing  either 
of  the  foregoing  salts  to  a  temperature  of  150^ : 

Found,  16*46. 

C^jngO-^NgLi  requires  N  a  16-64  per  cent* 

The  salt  is  a  pale  yellow  powder  which  rapidly  re-absorbs  one 
molecule  of  water.  It  explodes  with  moderate  violence  at  318 — 323°.* 

Sodium  literate* 

Fkevious  workers — Liebig,  Marchand,  Schunck,  Rieckher,  Oahours. 
This  salt  has  generally  been  thought  to  be  anhydrous ;  the  present 

*  The  ignition  j-oint^  of  thcae  salt's  were  deteruiineil  by  >lroppiug  a  small  «iuantity 
of  the  anhydrous  coui[iounil  into  a  tub  ■  luvnfe'l  in  a  metallic  bath  ;  the  iguition  point 
given  is  ihe  temporatuit;  at  which  igiiitiou  uccuia  within  two  seconds  of  the  time  ol 
iBtradndng  the  aslt  into  the  tube. 
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work  hftt  shown,  howevor,  that  it  orystalUses  with  one  moleeulo  of 
water. 

The  monohpdraiet  O^K^{SO^)^'0^sL,}I.p,  crjstaUiseB  from  a  hot 
aqueous  solat&>n  in  small,  yellow  needles  (preparation  I). 

It  is  also  prodooed  as  a  yellow  powder  when  the  anhydrous  salt  is 
exposed  to  an  atmosphere  saturated  with  mofsture  to  the  extent  of 

75  per  cent,  at  26®  (preparation  II) : 

Found,  ]S  =(I)  15-76;  (la)  16-50;  (16)  15-52.  H,0«(I)  6-10; 
(la)  6-62;  (16)6-51. 

C^H^O-NgKaJI.O  requires  N=  15-65  ;  HjO^  6-69  per  cent. 

Increase  of  weight  on  exposing  anhydrous  salt  to  a  moist  atmosphere 

(preparation  II)  =  7*38  : 

C^HjO^gNa  requires  lor  1U|0  an  increase  of  7*17  per  cent. 
The  anhf/drom  salty  0«H|(NO,)s*ONa,  is  ohtained  hy  exposing  the 
monohydrate  to  a  temperature  of  150® : 

Found,  16*80. 

CgHgOyNjNa  requires  N  — 16*77  per  cent. 

The  salt  i&  a  pale  yellow  powder,  which  explodes  feebly  at  310 — 315'^. 

J'otaanum  PioraU,  C«Us(^^s)s*^^ 

Previous  workers — Welteri  Ohemnl,  Foureroy  and  Yauquelin, 
liehig,  Mttller,  Dumas,  Marohaud,  Sohunck,  Laurent,  Kopp, 
Rieekher,  Stenhouse,  Oahours,  Schabus,  Frisoh,  Poet  and  Mehrtena 

The  analytical  data  given  by  these  anthers  agree,  in  general,  in 
showing  the  salt  to  be  anhydrous.  This  is  oonfirmed  by  the  present 
work; 

Found,  N«  15-47. 

CgHoOyNgK  requires  N  =  15*76  per  cent. 

Tlie  salt  crystallises  from  an  aqueous  solution  in  yellow,  iridescent, 
pri&matic  needles.    It  explodes  with  moderate  violence  at  311 — 316°. 

Rubidium  FioraU,  C«U,(NO^*OJElb. 

Tills  salt  has  apparently  not  previously  been  prepared.  It  crystal- 
lises  from  water  in  anhydrous  yellow  needles : 

Found,  N  =  13-67. 

CeHgO-Ngllb  require."?  N  =  13*43  per  cent. 

It  explodes  wit  h  moderate  violence  at  300 — 315"-*. 

CoMivm  PicraU,  a0U,(NO,),-OCs. 

This  salt  also  has  apparently  not  been  previoiibly  prepared.  It 
crystallises  from  water  in  anhydrous,  yellow  needles : 


SILBEUHAD  AND  i'HILLlPS :  THE  METALLiC  PiCKATEii.  477 

Fomid^N -11-89. 

CgHoOyNgCs  requiree  N— 11*67  pear  cent. 

It  explodes  with  moderate  violeoce  at  272 — 277^. 

•  Amnumium  JPierate,  C^H2(N02)s-ONH^. 

Previous  workers — Chevreul,  Hatchett,  Liebi^',  Rose*  Dumas* 
Marchand,  Schunck,  Laurent,  Kopp,  Cahours,  Reychlor. 

Ail  these  authors  agree  as  to  the  absence  of  water  of  crystal lisation. 
Liebig  and  Cahours  both  recognise  the  existence  of  a  yellow  and  red 
▼ftriety  of  the  salt.  These  observations  have  been  confirmed  in  the 
prosont  work.  The  salts  were  obtained  by  the  action  of  ammonia  or 
ammonium  carbonate  on  picric  acid,  the  latter  method  being  more 
liable  to  give  rise  to  the  red  variety  : 

Foand,  Ka(red  variety)  32*71 ;  (yellow  variety)  22*70. 

C,.H0O7N4  requires  N  »  22*81  per  cent. 

On  heating,  both  modifications  volatilise  without  detonation. 

Sydnmm  Manopioraii,  C«Hs(NO,)|*OH;tir  A* 

Previoub  worker — Rothenberg. 

This  author's  analysis  agrees  with  the  above  formula,  wliicU  liab 
been  confirmed  in  the  present  work  :  ^ 

Found,  N- 26-70;  26  80. 

O^O^N^  requires  N  «  26*87  per  cent 

The  salt  orystaUiaes  in  orange  needles,  which,  on  heatings  volatilise 
without  explosion* 

iiUver  FimUe,  CeH^NO,),*OAg. 

Previous  workers— Chevreul,  laebig,  Dumas,  Havehaod,  Sehunck, 
Laurent,  Bieokher,  Stenhoosa,  Oshoura,  Oarey  Lea,  Uiiller  and 
Stenhouse,  Post»  and  Mehrtens. 

The  analytical  data  given  points  in  most  oases  to  the  absenoe  of 
water  of  crystallisation ;  in  other  cases,  however  (Bfarofaand,  Laurent, 
Post  and  Mehrtens),  the  presence  of  one  molecule  of  water  is  indicated. 

For  the  present  work,  silver  picrato  was  obtained  by  dissolving  silver 
oxide  in  a  hot  saturated  solution  of  picric  add.  The  salt  separated  on 
cooling  in  yellow  needles,  which  contained  no  water  of  crystallisation  : 

Found,  N  =  12  45. 

O^HgO^NgAg  requires  N  =  12 "53  per  cent. 

The  compound  exploded  feebly  at  336—341''. 
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Cuprie  PioraU, 

Pjreviona  worken— Lieblg»  Marehand,  Mtillor,  Taelielaoff,  Ouey 

liBft. 

Marehand  obtained  a  Inizture  of  tho  normal  aalt  with  a  baaie  8alt» 
and  mnoyed  tho  latter  by  extraction  with  aloohol.  His  analyaia  of 
the  tumai  salt  oorreeponded  with  a  pentahydrato  wUoh  lost  four 
molecules  of  water  at  110^.  Mtiller  obtained  analytical  data  wfaieh 
oorresponded  approximately  with  [CgH2(NOj)g*O]^Cu,10^H2O. 

TsehelsofE  deseribed  an  octahydrate.  The  present  work  has  not 
confirmed  any  of  the  data. 

Undecahyd/raU,  [C^H2(N02)3-0]2Cu,  1 1  H^O.— This  salt  is  deposited,  on 
cooling,  from  a  hot  concentrated  solution  in  large,  green  prisms  : 

Found,  N=  11-85.    H20  =  27-84  ;  27-76. 

CV,H40i^N,5Cu,llH.p  requires  N  =  1 1-73  ;  llfi  =  27-60  per  cent. 
The  UtraJiydrate,  [CgUj(N03)j'0]2Cu,4H20,  is  obtained  as  a  greenish- 
yellow  powder  when  the  anhydrous  salt  is  exposed  to  an  atmosphere 
saturated  with  moisture  to  the  extent  of  75  per  oent.  at  26°. 
The  anhydrous  salt  absorbed  H^O-a  13*55 : 

Qyfifi^^fixL  requires  increase  ol  iH^O^  13*86  per  cent. 
Tho  ankydrouB  salt,  [04H,(N02),*0],Ctt,  is  obtained  by  heating  either 
of  the  foregoing  salts  to  a  temperatnre  of  80° : 

Founds  N»  16*95. 

C^jHjOi^N^Cu  requiree  N=»  16*20  per  cent. 

The  salt  is  a  greenish-yellow  powder,  which  absorbs  water  from  the 
atmosphere,    it  explodes  violently  at  282 — 287^. 

Magnuium  FioraU, 

FkoWous  workers— Liebig,  Marohand,  Tsohelsoff. 

Marchand's  data  led  him  to  regard  the  salt  as  a  pentahydraiSi  whilst 
Tschelaoff  considered  it  an  octahydrate. 

The  present  work  does  not  confirm  these  data. 

NwakjfdraU,  [CgH2(NOs)B'0]2Mg,9HjO.— This  salt  crystallises  from 
a  hot  eonoentrated  solution  in  silky,  yellow  needles : 

Found,  N  =  13-32  ;  13-39. 

OigH^Oj^MgjSHgO  requires  N  =  1311  per  cent. 

Hexahydrate,  [CgIi,(N02)3-0]2Mg,6HjO.— This  was  obtained  by 
exposing  the  anhydrous  salt  to  the  air  (preparation  I),  or  to  an 
atmosphere  76  per  oent.  saturated  with  moisture  at  25°  (preparation 
11).   The  increase  in  weight  corresponds  with  the  addition  of  6H,0. 

Increase  in  weight  on  exposing  anhydrous  salt  to  air  «  (I) 
22*39. 
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InoreftM  in  'weiglit  on  caqpoeing  anhydrous  salt  to  an  atmoephm 
75  per  cent  saturated  with  moisture  at  25^ ->  22'40 : 

GigH^Oj^NgMg  requires  increase  of  6HjO»  22*49  per  cent. 

The  dihydraU,  [CQB.^(mo\'0]^M.g,2Kfi,  is  obtained  when  the 
nonahydrate  is  heated  to  a  temperature  of  80^: 

Found,  N=  (I)  16-35  ;  (II)  16-42.    H,0=  (I)  7-09. 

Ci3H^Oi^NgMg,2H20  requires  N=  16  30  ;  H20  =  6-97  per  cent 

Loss  of  weight  ou  exposing  nonahydrate  to  a  temperature  of  80° 
19-33 : 

Ci,H40i^NeMg,9H20  requires  7H.p=  19-62  per  cent. 

The  onAytinNM  salt,  [CgH2(NOs)g*0]2Mg,i8  obtained  when  any  of  the 
above  hydrates  are  heated  to  a  temperature  of  150^ : 
Found,  N- 17-82. 

OifH^Oi^N^Mg  requires  N»  17*53  per  cent. 

This  salt  explodes  very  feebly  at  367—372°. 

Calekm  Phraie, 

Ftevious  workers. — Ohevreul,  Liebig,  Marohand,  Tsohelsoff. 

According  to  Manshand,  the  crystalline  salt  is  a  pentahydrate ; 
Tsohelioff  gives  a  formula  containing  611,0.  The  present  work  shows 
that  the  erystals  consist  of  a  decahydrate. 

DeeahifdraU,  [QqK^{^ 0^)^-0] fiaAOnfi,  crystallises  from  a  hot 
ooncentrated  solution,  on  cooling,  in  yellow  plates  : 

Found,  N  =  (I)  12-59  ;  {11)12-37.    H,0  =  (I)  26-96  ;  (11)  26  03. 
Gi2H^O,^NaCa,i0H2O  requires  N  =  12  45  ;  H20  =  2G  G;3  per  cent. 

Pentahydrate'^^  [C^,H2(NOo)3*0].2Ca,5H20,  appears  to  bo  formed  when 
the  anhydrous  salt  is  exposed  to  the  air  (preparation  I)  or  to  an 
atmosphere  75  per  cent,  saturated  with  moisture  at  25^  (preparation 

n). 

Increase  in  weight  of  anhy<lrous  salt :  (I)  17*60,  17-07  ;  (II)  17*00  : 
[C0Hj(NO,)g'O].,Ca  requires  for  SHgO  an  increase  of  18'15  percent. 
The  tmhydnut  salt  is  produced  when  the  decahydrate  is  heated  to 

Found,  N- 16*56;  16*57. 

OigH^Oi^N^Oa  requires  N  a  16*97  per  cent. 

It  is  a  yellow  powder,  which  explodes  violently  at  828 — 328^ 

tStr&ntiuia  ticrate. 

Previous  workers— Ohevreul,  Slarehand,  Rieckher,  Oahours,  von 
Rath,  Tschelzoff. 

Marehand  and  von  Rath  found  the  salt  to  contain  SHgO;  the 
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fomier  showed  that  one  moleoale  of  water  remamed  on  heating  to  160^. 
Taohelioff  found  6H,0,  and  Rieckher  gives  data  which  would  oom- 
spend  with  6H,0  If  the  salt  be  assumed  to  lose  all  its  water  at  130^. 
The  present  work  confirms  Harehand's  resnlts. 

FmUah^fdnae,  [C^lI.^(if0^yO]fir,5Kfi,  crystallises  in  yellow  needles 
from  a  hot  concentrated  solotion  (preparstion  I) ;  it  is  also  formed 
when  the  monohydrate  is  exposed  to  the  air  (preparation  II),  or  to  an 
atmosphere  75  per  cent,  saturated  with  moisture  at  36^  (preparation 
m): 

Found,  N  -  (1)  13-29;  13-48. 

CisH^Oi^NgSr^dHjiO  requires  N  » 13  29  per  cent. 

Increase  in  weight  on  exposing  monohydrate  to  air  "(11)  1^*00; 
(in)  1318 : 

Cj.^U^Oi^NgSr,  HgO  requires  for  an  addition  of  iH^O  an  increase  of 

12*82  per  cent. 

The  monohydrate,  [Q^  Ji^^O^\'0]fiTiRjd,  is  obtained  when  the 
pen tahyd rate  is  exposed  to  a  temperature  of  80° : 

Found,  N  =  14-70;  14-70. 

OiA(\4N^,H,0 requires  N- 14*99  percent. 

Loss  of  weight  on  heating  pentahydrate*- 11*79 ;  11*76. 

Ci2H^O,^NgSr,5H30  requires  (for  a  lots  of  iHjO)  11-37  per  cent. 

The  salt  is  a  yellow  powder,  which  explodes  fairly  violently  at 
340—345°. 

The  anhydrous  salt,  [CgU2(NO2)3*0JoSr,  is  obtained  when  either  of 
the  foregoing  salts  is  heated  to  200*^,  but  even  at  this  temperature 
the  water  is  expelled  with  di&culty  : 

Found,  K- 15*40;  16*40. 

O^flfii^fit  requires  Nm  16*49  per  cent^ 

Barium  Piorate, 

Frevious  workers — Chevreul,  Liebigr,  Dumas,  Marchand,  Schunck, 
Laurent,  Kieckher,  Oahours,  Oarey  Lea,  Post  and  Mehrtens, 
TschelsoJS,  Cook. 

The  analytical  data  show  considerable  discrepancies ;  those  of 
Liebig  correspoiul  with  -IJH.^O.  Post  aud  Mehrtens  found 
4H2O  ;  Marchand  and  Rieckher,  5irX)  ;  Laurent  and  Tschelzoff,  dHgO  ; 
Cook,  3HoO  and  5HnO,  and  Marchand  and  Tachelsoff  also  obtained 
evidence  of  the  formation  of  a  monohydrate  on  lieating.  The  present 
work  confirms  the  existence  of  only  one  definite  hydrate. 

The  pmtakydr<Ui6,  [0«Hs(K02)g*0],6a,6H^O,  crystallises  from  a  con- 
centrated aqueous  solution  in  yellow,  prismatic  needles : 


81LBERRAD  AND  PHILUPS:  TUB  METALLIC  PlCRATES.  481 

Found,  N- 12  14.   HjO=  13-23. 

CuH^Oi^NgBajSHjO  requires  N=  12-29;  H30-13'17  percent. 

The  an  hdrmu  salt,  [0|H|(NOy)g-0]sBa,  is  obtained  when  the 
pentehydrate  is  ezpoeed  to  a  temperature  of  80^ : 

Found,  N- 14*09. 

CigH^Oi^NgBa  requires       14*19  percent. 

The  salt  is  a  yellow  powder,  which  explodes  with  moderate 
violence  at  333 — 337^.  On  boing  exposed  to  the  air  or  to  an 
atmosphere  75  per  cent,  saturated  with  moisture  at  25°,  an  inter- 
mediate hydrate  appears  to  be  formed  i  thus  the  increase  of  weight 
corresponded  with  the  addition  of  : 

In  the  air  of  the  laboratory,  (I)  4*5H,0 ;  (11)  4'65H,0. 

In  moist  atmosphere  (75  per  cent,  saturated  at  25*^, 

£iHO  Pioraie. 

Ftavious  workers^Marchand,  Oaiey  Lea,  MtUler,  TMshelioff. 

Marehand  believed  he  obtained  salts  containing  8H3O,  6H,0,  ^Bfi, 
and  H|0,  bat  the  analytical  data  show  great  diacrepanoiee. 

TecheiboflTB  sine  determination  points  to  the  presence  of  9HgO,  but 
the  loss  of  weight  cOTresponds  more  nearly  with  SH^^O.  Miiller 
investigated  the  double  picrate  of  sine  and  sodium.  The  present  work 
has  shown  the  ezistenoe  of  salts  containing  9Sfi,  6H|0,  and  2Rfi. 

Nwnakjfdraie,  {G^ll^i^O^^'0]^xi,mfi.—'TkAB  sepsmtes  from  the 
concentrated  eolation  in  yellow,  prismatic  needles : 

Found,  N  =  12-41  ;  12-40. 

Ci2H^0^^N5Zn,9H.,O  requires  N  =  12  32  per  cent. 

UeoBokydraiB,  [CoH,(NO,),*0]^n,6H20.— This  was  formed  by 
eiposing  the  anhydride  to  an  atmosphere  75  per  cent,  saturated  with 
mdstare. 

Increase  in  weight  of  anhydrous  salts 20*50 : 

Ci2^4^H^  62n  requires  the  addition  of  6H2O«20*72  per  cent. 

In  the  air  of  the  laboi-atory,  the  amount  of  moisture  absorbed  was 
rather  less  (5-4  and  5 '6  molecules). 

The  dViydratti,  [C;;H.,(N0j),'0]jZn,2H,0,  is  formed  when  the  uoua- 
hydrate  is  heated  to  80°  : 

Found,  N-(I)  1511;  (II)  15  04. 
0|^40i4N«Zd>2H,0  requires  N  - 16*1. 

Loss  of  weight  on  exposing  nonahydrate  to  a  temperature  of  80°" 
18-54 : 

Cj,H^0i4NjZn,UH,U  reijuireb  (fur  a  iosi>  of  16'44  per  cent. 
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The  amhydnniM  aalt,  [O0H2(NO2)g*O]^ii,  is  prodnoad  when  any  of 
the  hydrates  are  heated  to  150** : 

Fottnd,  15*93. 

Cj2H^O,4NgZn  requires  N«16'16  per  cent. 

It  in  a  brownish-jellow  powder,  which  explodes  violently  at 
350—366°. 

Cadnwitm  Fierale, 

Previous  workers — Miiller,  Carey  Lea. 

The  analysis  given  by  Miiller  corresponds  with  a  hept&hydrate. 
This  has  b^en  confirmed  in  the  present  work. 

Heptahydrate,  [C,H.,(NO.,)3-0]2Cd,7H,0.— This  j-alt  was  obtained 
from  hot  concentrated  solution  in  the  form  of  yellow,  hexagonal 

plates  : 

Found,  N  =  (I)  12-13;  (II)  11  97.    H.p  =  (I)  18-29;  (II)  17-93. 
C'ljH^Oj^NgCdJHjO  requires  N  =  1212  ;  HjO=  1815  per  cent. 

The  j)entahydraU,  [C6H2(N02),-0],Cd,5H,0,  is  formed  when  the 
anhydrous  salt  is  exposed  to  aa  atmosphere  75  per  oent.  saturated 
with  moisture  at  26°. 

Increase  in  weight  =  16-14  : 

[G|5H2(NO|)9'0]|Od  requires  for  5Hfi  an  increase  « 15*84  per  oent. 

The  seme  result  was  not  obtained  when  the  anhydrous  salt  was 
exposed  to  the  air  of  the  laboratory,  approximately  4  molecules  only 
of  water  being  absorbed. 

The  anhydrouM  salt,  [O0Hj(NOJs*O],Od,  is  formed  when  the  hepta- 
hydrate  is  exposed  to  80^ : 

Found,  N»  14*61. 

CjgH^Oj^NijCd  requires  N=  14-81  per  cent. 

It  is  a  yellow  powder,  which  explodes  violently  at  336 — 341°. 

Mercuric  Picrale. 

Liebig  and  Moretti  described  a  mercurous  picrate  ;  Chevreul,  Varety 
Carey  Lea,  and  Hantzsch  and  Auld  have  described  mercuric  salts. 
Varet  and  Hantssch  and  Auld  give  directions  for  the  preparation  of  a 
tetrahydrated  normal  mercuric  salt  by  digesting  freshly- precipitated 
mercuric  oxide  with  an  aqneous  solution  ol  picric  acid  at  80°. 

In  the  present  investigation,  all  attempts  to  prepare  this  substance 
by  repeating  this  work  gave  rise  to  the  basic  compound  described 
below. 

ff^xahydraie,  [CeH,(NO^,*0]sHg,flg(OH)2,6H30.— This  compound 
was  obtained  by  three  slightly  different  methods : 

(1)  By  keeping  a  well-stirTed  mixture  of  picric  acid,  in  excess  (46 
grams  in  two  Utres  of  water),  and  freshly-precipitated  metcuric  oxide 
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(21  grams)  at  a  temperature  of  80**  for  forty-eight  hours.  On  cooling, 
the  salt  separated  as  beautiful  orange-yellow  needles. 

(2)  By  warming  a  similar  mixture  for  a  few  hours  only.  In  this 
case,  the  salt,  which  was  precisely  similar  in  appearance,  was  much  con- 
tamiri  ited  with  free  picric  acid,  which  was,  however,  readily  removed  by 
c^yfitalll^ation  from  hot  water. 

(3)  By  boiling  a  similar  mixture  for  seven  hours  after  maintaining 
it  at  80^  for  forty-eight  hours.    On  analysis  : 

Found,  N  -  (I)  8-46  ;  (U)  8*44  ;  (III)  8-50,    H^O  =  (I)  10-26. 
0„H|g0^e^g,  requires  N  »  8*44 ;  H^O  » 10*82  per  cent. 

The  compound  forms  beautiful  orange  needles,  which  change  to  a  pale 
yellow  colour  on  losing  the  water  of  ciystalUsation.  On  warming  with 
water,  a  residue  of  mercuric  oxide  is  obtained,  and  on  concentrating  the 
solution  the  hydrated  basic  salt  again  separates,  picric  add  being  left 
in  solution. 

The  tmkydrmu  salt,  '[C^H2(NOj)3-0]2Hg,Hg(OU)2,  is  obtoined  by 
exposing  the  finely-powdered  hexahydrate  over  sulphuric  acid  in  a 
▼aenum : 

Found,  N  =  9-46.    H,,0  =  44  82. 

CjgHcOuN^jHgjj  requires  N  =  9  46  ;  Ufi  =  44  93  per  cent. 

The  salt  is  a  pale  yellow  powder,  which  volatilises  without  explosion 
onlieatmg. 

AhmMum  Piaraie, 

Previous  workers — Carey  Lea,  Miiller,  Morctti.  ^ 
MiiUer  gives  analyses  which  correspond  witli  a  basic  salt, 

[C,H,,(NO,.)3.0]^10H.711,O, 
whilst  Lfa  gives  no  analytical  data. 

ffg.rcuiecaJii/drale,  [CflHj(N02)g'0]3Al,16H20. — This  was  prepared  by 
digesting  freshly-precipitated  aluminium  hydroxide  with  an  aqueous 
solution  of  picric  acid  for  several  days,  and  concentrating  the  filtrate ; 
on  cooling,  the  salt  was  deposited  in  pale  yellow  needles  (preparation  I). 
It  may  also  be  obtained  by  exposing  the  tetrahydrate  to  an  atmosphere 
75  per  cent,  saturated  with  moisture  at  25°  (preparation  II)  : 

Found,  (I)  K- 12*81. 

OigH0O2,NgA.1,16H,O  requires  N- 12*64  per  cent. 

Increase  of  weight  on  exposing  the  tetrahydrate  to  moist  air 
=  (II)  27-84: 

CjgHgO,iNgAl,4H20  requires  increase  of  12H20  =  27*59  per  cent. 

A  similar  result  is  not  obtained  on  exposing  the  tetrahydrate  to  the 
air  of  the  laboratory,  only  approximately  10*7  moleculeeof  water  being 
absorbed. 
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The  Utrak^drate,  [0«H,(NO,VO]tAl,iH^,  ie  obtained  Iron  the 
bezftdeoabjrdrate  by  heating  to  80^ : 

Found,  K -16*01;  16-07. 

C,8Ha02iN9Al,4H.O  reqaires  N- 16*18  per  oent. 

Loss  of  weight  ou  exposing  the  bexadecabydrate  to  a  temperature  of 
80°=  22-33;  22  56: 

C,8H/)2iN9Al,16H20  requires  loss  (of  12H,0)  =21-92  per  cent. 

The  tetrabydrate  tlius  obtained  is  a  yellow  powder,  which  on  heating 
deeompoees  without  explosion. 

Tkaamm  PionOe,  Cfi^^O^)^'(yn 

Previous  workers — Kuhlmann,  Bottger. 

No  analytical  data  are  given  by  these  authors.  In  the  present  work, 
thallium  wirbonate  was  dissolved  in  aqueous  picric  acid,  and  the  filtrato 
concentrated.  The  anliydrous  salt  crystallised  in  silky,  yellow  needles. 
No  loss  of  weight  occurred  on  heating  : 

Found,  N«  9-68. 

C^HaO^NjTl  requires  N  =  9*76  per  cent. 

The  ealt  ezplodee  feebly  at  273— 275^'. 

£iremium  PietaU,  [CfiH2(N02)s*0]^Zr. 

This  salt  has  apparently  not  Ijeen  previously  prepared.  It  was 
obtained  from  zirconium  carbonate  and  picric  acid,  and  crystallises  in 
anhydrous,  silky,  yellow  needles  : 

Found,  N=  16  67. 

OifHgOjgNjiZr  requires  N-16'80  per  cent 

The  salt  suffered  practically  no  loss  in  weight  on  heating ;  it 
exploded  freely  at  317 — 322*^. 

C«mm  Pimiie, 

This  salt  has  apparently  not  been  previously  prepared.  In  the 
present  work,  it  was  obtained  from  cerium  carbonate  and  picric  acid. 

UmUcahydrale,  [C^Uj(N0._,)3'C>J,,Ce,ll H^O,  crystallises  from  a  con- 
centrated aqueous  solution  (preparation  7),  and  can  also  be  obtained  by 
exposing  the  anhydrous  salt  to  air  (prej)aration  J  I)  or  to  an  atmos- 
phere 75  per  cent,  saturated  with  moisture  at  25^  (preparation  (III) : 

Found,  N  =  12  32. 

0„U«0,|N90e,llUsO  requires  N»  12*36  per  oent. 

Increase  in  weight  on  expoeing  aabydroue  ealt  to  air  •  (11)  24*32  ; 
(UI)  24-60 : 

OigHgOnN^Ce  requiree  for  11H,0  anjnereaee  of^24*03^per  oent. 
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ThB  salt  MpanAes  from  a  oonoenfcrated  aqveons  aolation  in  amber* 
ooUwredt  flat,  primiatio  crystals.  By  either  of  the  other  methods,  it  is 
obtained  as  a  brown  powder. 

The  ink^iraie,  [C^H^(SO^)^'0]fie,SHp,  is  obtained  by  heating  the 
nndeoahydrate  to  80^ : 

Found,  N  =  (I)  14-30  ;  (II)  14-23.    HjO^CI)  6-69  ;  (II)  6-92. 
C^^Ufi^i^fie^SHfi  requires  N  =  14  38  ;  H20  =  6  22  per  cent. 

Loas  of  weight  on  heating  undecahydrate  to  80°—  11  01  ;  14  11: 
CjjH^OjiNjjCcsllHjO requires  lobs  (of  SH^O)  =  14  09  per  cent. 
It  is  a  brown  powder,  which  absorbs  moisture  from  the  air. 
The  anhydrous  salt,  [C^H2(N02)3'0]3Ce,  is  obtained  when  either  the 
undecahydrate  or  trihydrate  is  heated  to  150°  : 
Pound,  N- 15-22. 

O^fifi^lSfie  requires  K  « 15-29  per  oent. 
The  salt  is  a  brown  powder,  which  explodes  violently  at  306 — 31 3^ 

Lead  Pierai$. 

Previous  workers — Chevreul,  Lieln'c',  Marchaod,  Laurent,  Kopp, 
Rieckher,  Post  and  Mehrtens,  Tsclielzoff. 

The  analytical  data  vary  very  considerably ;  they  correspond  with 
1  to  5  molecules  of  water  of  crystallisation.  Various  basic  salts  are  also 
described. 

T§trahydraU,  [CgH2(NO,)3-0],Pb,4HoO.— Picric  acid  was  treated 
with  lead  carbonate,  and  the  §»Xtt  obtained  in  the  form  of  silky,  yellow 
needles: 

Found,  N- 11*46. 

C,^40|4NePb,4H,0  requires  N«- 11*46  per  cent. 

The  flMme^ydrals,  [Qf;B.j^m2)^'0\Vh,YLfi,  results  when  the  tetra- 
hydrate  is  retained  at  W  for  some  time  (preparation  I),  and  also  when 
the  anhydrous  salt  is  exposed  to  air  (preparation  11) : 

Found,  N  =  (I)  12-56.    H30-.2-77  ;  2-71. 

CjoH^Oi^NgPbjHp  requires  N  =  12-37;  H20  =  2  65  per  cent. 

Increase  in  weight  on  exposing  anhydrous  salt  to  air  (II)  =  2  73 ; 
2-71: 

Cj2ll^0i^N,.Pb  requires  for  IH^O  an  increase  of  2  72  per  cent. 

In  an  atmosphere  75  per  oent.  saturated  with  moisture,  1*3  molecules 
of  water  were  absorbed. 

The  anhydrou9  salt,  [O0H2(NOo)3*O],Pb,  is  obtained  when  the  tetra- 
hydrate  or  monohydrate  is  heated  to  150°. 

It  is  a  yellow  powder,  which  explodes  violently  at  270 — 275°,  and 
differs  from  all  other  pioratee  in  being  extremely  sensitive  to  shock  or 
fnekion. 
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Chromium  PioraU, 

Carey  Left  describes  a  chromiimi-aDimoniuai  oompoiind,  butolmnikiiiiii 

picrate  has  apparently  not  been  prepared. 

A  basic  chromium  salt,  corresponding  approximately  with  the  com- 
position [CeH2(NOVO]aCr,2C6H2{NOj)8-0-CrO,27H20,  is  obtained  by 
miziiig  equivalent  quantities  of  barinm  piorate  and  chromium  salphate 
and  evaporating  the  filtmte  in  a  vacuum  over  salpburio  acid. 

The  salt  separates  in  green  crystals : 

Found,  Or  » (I)  8*30  i  (II)  8*61.   N  -  (I)  1 1*38. 
<^3oIIio^3c^i50r,2TH,0  requires  Gr-8'ei ;  K«  11*60  per  cent. 

A  salt  of  the  composition 

[0eH2(NO2)8-O]3Cr,2CeH3(NO2),-O-CrO,9H2O 
is  produced  when  the  salt  just  described  is  heated  to  80°. 

Loss  of  weight  on  heating  to  80°  =  (I)  18-21  ;  (II)  18-11  : 

C8oHio03^Ni^Cr,27H20  requires  for  loss  (of  18H2U)=  17  86  per  cent. 

The  anhydrous  salt,  [CoH,(N02)8-0]3Cr,2C3H,(NO,),'0*CrO,  is  pro- 
duced when  the  fore^oin^  salt  is  heated  to  150°. 

Loss  of  weight  on  heating  to  150^  =  (I)  10-16  ;  (II)  =  10-49. 

Cg)HioOMN,50r,9H,0  requires  loss  (of  9H,0)  » 10*88  per  cent. 

Maikga/nese  FicrcUe. 

Previous  workers — Marohand,  Miiller,*Carey  Lea. 

Marcband  obtained  an  octahydrate  which  readil}'  lost  three  mole- 
cules of  water ;  Mttller  found  only  a  pentahydiate.  The  present  work 
shows  the  existence  of  the  octahydrate  and  a  trihydrate^  bat  renden 
the  formation  of  a  pentahydrate  highly  improbable. 

The  odoAyfllrate,  [OeH^NOs),*0]|MD,8H,0,  separates  in  yellow  prisms 
from  a  hot  concentrated  solution  (preparation  I). 

It  is  also  obtained  when  the  anhydrous  salt  is  exposed  to  the  air 
(preparation  II)  or  to  an  atmosphere  76  per  cent,  saturated  at  86®  (pre- 
paration III): 

Found,  N-(I)  12*90;  13  02. 

C,2H/),^NfiMn,8HjO  requires  N- 12*86  per  cent. 

lucreai^e  in  weight  on  exposing  anhydrous  salt  iu  air  =  (II)  27-96; 
(III)  27  52  : 

CijH^Oi^NflAIn  requires  for  8H2O  an  increase  of  2818  percent. 

The  tri/ajdraie,  [CgH2(NO,),*0J^n,3H,O»  is  produced  when  the 
octahydrate  is  heated  to  80° : 
Found,  N=  15  11.  HjO-Q  U. 

Oy^Ufii^N^mfi  requires  N  « 14*90   H,0-9*66  per  cent. 
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LcM8  of  weight  on  heating  octahydrate  to  80** « 13*77;  13*80; 
14  *02 : 

CjjH^Oi^NgMn.SIIjO  requires  loss  (of  5H,fi)^\Z  7i  per  cent. 

The  anJiydrous  salt,  [CqH2(N02)3*0]jMd,  is  produced  when  either  the 
octa-  or  tri-hydrate  is  heated  to  150°. 

It  is  a  yellow  powder,  which  explodes  with  violence  at  325 — 330°. 

Ferrout  Pioraie, 
Pfevions  workers — ^Miiller,  Carey  Lea. 

The  analysis  given  by  MUller  corresponds  approximately  with  a 
pentahydrate.  The  present  work  has  not  eonfirmed  this,  but  an 
octahydrate  has  been  obtained. 

OekAydtaU,  [0«H3(NO9)3'0]^Fe,8H|O.— Hot  concentrated  solutions 
of  ferrous  sulphate  and  barium  picrate  are  mixed  and  filtered.  The 
ferrous  picrate  separates  from  the  filtrate,  on  cooling,  in  yellow, 
hexagonal  prisms : 

Found,  N=  12-81.    \\.p  =  2\  ll  -  1>164;  21-91. 
Cj,  H^Oj^NoFe,8HjO  re  iuires  N  =  12  81 ;  11,0  =  21-96  per  cent. 

The  crystallised  »a)t  is  bright  yellow,  but  becomes  dark  green  directly 
it  begins  to  lose  water. 

The  anhjdrous  salt,  [Cj.H.,(NO^)3'0].,b'o,  is  obtained  wlion  the  octa- 
hydrate is  exposed  in  a  vacuum  desiccator  over  concentrated  sulphuric 
acid  : 

Found,  N»16  18. 

C^HfOi^NeFe  requires       16*45  per  cent. 

The  €Mkyd0iiiuB9tX%  is  a  dark  green  powder,  which  explodes  feebly  at 
3 1 5 — 320°.  On  exposure  to  the  air,  it  absorbs  from  3  to  4  molecules  of 
water. 

Attempts  to  prepare  f eerie  picrate  were  without  result;  no 
precipitate  was  found  under  the  conditions  described  by  Moretti. 

Cobidl  VicraU. 

Previous  workers — Marchand,  MUller,  Oarey  Lea. 

Marchand  obtained  analytical  data  corresponding  with  a  penta- 
hydrate. This  iK  not  confirmed  by  the  present  work.  The  hydratee 
obtained  contain  9^,  6,  and  2  molecules  of  water,  and  are  strictly 
analogous  to  the  nickel  salts. 

Hydrate,  [aeH^NO,)j|*0],Oo,9iH,0.— This  is  deposited  on  allowing 
a  hot  solution  containing  10  grams  of  the  anhydrous  salt  in  20  c.c.  of 
water  to  cool : 

Found,  K- 12*53. 

GijH^Oj^N^COfOiHsO  requires  N  » 12*27  per  cent, 

VOL.  XCllI.  K  K 
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The  salt  aystalUses  in  brown  needles. 

BexahydraU,  [0^ll^VlO^)^'0]flo,6Ufi,^l!hiB  crystiiUises  on  cooling 
from  ft  hot  eolation  containing  10  grams  of  the  anhydrous  salt  in 
16  C.C.  of  water  (preparation  I). 

It  is  also  prodooed  when  the  anhydrous  salt  is  exposed  to  air 
(preparation  II)  or  to  an  atmosphere  75  per  oent^  satorated  at  35^ 
(preparation  III). 

Increase  in  weight  on  eaqsosing  anhydrous  salt  to  air  «  (II)  21*07 ; 
(in)  21-08. 

CjoH^Oj^NqCo  requires  for  BH^O  an  increase »  20*98  per  cent. 

When  obtained  as  in  preparation  (I),  the  salt  crystallises  in  brown 
laminae ;  by  either  of  the  other  methods,  it  is  a  brown  powder. 

The  dihydrate,  [Q^YiJ^^O,^^'0]po,2lif>,  is  formed  when  either  of 
the  above  hvdrates  are  heated  to  80". 

Dihydrate  from  i)^  hydrate  :  Found,  N  =  15-32.    H_,O  =  610. 

Dihydrato  from  hexahydratc  :  Found,  N  =  15-20.    H,0  -  6-00. 
C„H^Oi4NaCo,2H20  requires  N  =  15-28  ;  H.O  =  6-54  per  cent. 

Loss  in  weight  on  heating  9^  hydmto  to  80°  »  19*43 ;  19*39 ; 
19-38: 

^t^fii^fi^t^V^  requires  a  loss  (of  7|H20)«  19*68  per  cent. 
Loss  of  weight  on  heating  hexahydrate  to  80<'<b  11*84  ;  11*62  : 

CjoH^O,^NgCo,C)H.,0  requires  a  loss  (of  iH^O)  =  11'59  per  cent. 

Obtained  by  either  method  the  salt  is  a  brown  powder. 

The  anhydrous  salt,  [C^H  ,(NO.,)j*0]2Uo,  is  obtained  when  any  of  the 
above  hydrates  are  heated  to  150°. 

It  is  a  brown  powder,  which  explodes  with  moderate  violence  at 
320—325° 

Niekd  Fierate, 

Previous  workers — Marchand,  Miiller,  Carey  Lea. 

Marchand  describes  an  octahydrate,  a  pentahydrate,  and  a  mono- 
hydrate.  The  present  work  has  not  couiirmed  the  existence  of  any  of 
these  salts. 

HydraU,  [Q^Yij^^O.^^'0\'i^'\,n\l.p.—i:hm  crysUllises  in  green 
needles  when  a  hot  solution  containing  10  gramis  of  the  anhydrous 
salt  in  20  c.c.  of  water  is  allowed  to  cool : 

Found,  N  =  12  47. 

C,2H^Oi<Nj,Ni,9JH,,0  requires  N=  12-28  per  cent. 

ffmhydraU,  [C^H2(N0.3V03,Ni,61l20.— This  crystallises  in  graen 
laminaB  when  a  hot  solution  containing  10  grams  of  anhydrous  salt 
in  15  c.c.  of  water  is  allowed  to  cool  (preparation  I). 

It  is  also  produced  when  ths  anhydrous  si^lt  is  exposed  to  air  (prf> 
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pamtion  II)  or  to  an  atmosphere  76  per  centw  saturated  at  35^ 
(preparation  III). 

Increase  in  weight  on  exposing  anhydrous  salt  to  air  <■  (I)  20*24 ; 
20-90;  (II)  20-24. 

CjgH^OjjNg  requires  for  BH^O  an  increase  of  20*99  per  cent. 

Obtained  by  preparation  I,  the  salt  crystallises  in  the  form  of  green 
laminae ;  by  either  of  the  other  methods,  it  is  a  green  powder. 

The  dihydraU,  [C,;lT.,(NO,)3-0]2Ni,2HjO,  is  obtained  from  either  of 
the  above  hydrates  on  heating  to  80°. 

Dihydrate  from  9^  hydrate:  Found,  N  =  15-26. 

Dihydrate  from  hexahydrate  :  Found,  N  =  15*21.   H  ,0  =  6  70  : 
C„H^O,^NgNi,2H20  requires  N  =  15-29;  H,.0  =  6-54  percent. 

Ix)ss  in  weight  on  heating  9  J  hydrate  to  80^=  19  00  ;  20*09 : 

G„H«Oi4NfNi,9iHsO  requires  a  loss  (of  7^  H^O)- 19-69  per  cent. 

Obtained  by  either  method,  the  salt  is  a  green  powder. 

The  anhydrouM  salt,  [QgH2(^02)s'^1s^^>  ^  obtained  when  any  of  the 
above  hydrates  are  heated  to  160^.  It  is.  a  green  powder,  which 
explodes  with  moderate  violence  at  335 — 340**. 

Our  thanks  are  due  to  the  Director  of  Artillery,  the  Ordnance 
Research  Board,  and  the  Explosives  Committee  for  permission  to 
publish  these  results,  and  also  to  Messrs.  C.  S.  Roy,  H.  J.  Meraiman, 
and  F.  W.  ^Myers  for  assistance  in  the  work. 

Chemical  Rksearch  Labokatouies, 
Royal  Ausenai^  Woolwich. 


XLVI. — Brazilin   and   Haematoxylin,    Part  VIIL* 

Synthesis  of  Brazilinic  Acid,  the  Lactones  of  Di- 
hydrohrazilinic  and  DihydroJK c inatoxyliaic  AcidSf 
Anhydrobrazilio  Acid^  dc,  Tlie  Constitution  of 
Brazilin,  Ha>ematoxylin,  and  their  Derivatives, 

By  William  IIenby  Pkb&in,  jun.,  and  Rob£bt  Robinson. 

Ih  investigating  the  alkaloids  and  other  highly  complex  natural 
products,  experience  has  shown  that  the  method  most  likely  to  yield 
information  directly  bearing  on  the  question  of  constitution  is  that 

♦  Part  I  (Tiaiis.,  1901,  79,  1396),  Vaits  II  and  III  (Trans.,  1902,  81,  221,  235), 
Ptota  IV,  V,  VI  (Trans.,  1902,  81,  1008,  1040,  1057),  Part  VII  (Thuit.,  1907,  (H, 
1078). 

K  K  2  ^ 
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of  exliftttstively  studying  the  degradation  products  which  such  suh- 
stanoes  yield  when  they  are  suhmitlied  to  oxidation  under  a  variety 
of  conditions.  Ihuring  the  course  of  the  long  and  difficolt 
investigation  of  hraiilin  and  luBmatozylin,  it  has  been  clearly 
demonstrated  that  this  method  of  degradation,  applied  und«r  suit- 
able ocmditioiis,  yields,  in  this  case  also,  results  of  the  first 
importance,  and,  indeed,  our  present  knowledge  of  the  oonstitntion 
of  these  substances  is  entirely  based  on  the  results  which  were 
obtained  in  this  way.  Since  braiilin  contains  three  and  haemato^lin 
four  phenolic  hydroxy!  groups,  it  was  necessary  to  protect  these 
before  investigating  the  action  of  oxidising  agents,  and  this  was 
done  in  the  usual  way  by  methylation,  either  with  methyl  iodide 
or,  better,  with  methyl  sulphate  and  potassium  hydroxide.  The 
trimethylbrazilin,  CioH]]02(OMe)3,  and  tetramethylhaematoxylin, 
C]eHiu02(OMc)4,  thus  obtained,  were  then  subjected  to  oxidation 
by  permanganate  or  chromic  acid,  and,  as  a  detailed  account  of  the 
degradation  products  formed  is  to  be  found  in  the  earlier  parts 
of  this  research,  only  those  which  have  a  direct  bearing  on  the 
subsequent  development  of  the  subjeet  will  be  mentioned  on  the 
present  occasion. 

When  trimethylbrasilin  is  oxidised  by  pcrmauganate,  two  acids 
of  great  importance  are  produced,  namely : 

.O'CHo-COoH 


MeOr^/  00  NOMe 

00!h'  JoMe 


2>CBrboxy«5*inetho]iyplMUunyaoeUc  add.  m>Hemipinie  add. 

and  it  was  at  once  recognised  (Trans.,  1901,  79,  1401)  that  the 
formation  of  these  acids  supplied  valuable  information  as  to  the 
constitution  of  trimethylbrasilin,  since  it  was  now  clear  that  this 
substance  must  be  derived  not  only  from  a  resorcinol,  but  also  from 
a  catechol  nucleus,  and,  further,  that  the  formula  of  trimethyl- 
brasilin must  contain  the  groupings 


OMe* 


These  two  residues  contain,  however,  Co^,  and,  as  the  formula  of 
trimethylbrazilin  is  CigHaoO^,  it  follows  that  these  residuee  must 
be  /used  together  in  such  a  way  that  one  carbon  atom  is  common 
to  both.  Perhaps  the  most  important  evidence  as  to  the  manner 
in  which  this  fusion  takes  place  is  afforded  by  the  study  of  another 
acid  formed  by  the  oxidation  of  trimethylbrazilin  by  permanganate, 
namely,  of  braxilic  acid.   This  interesting  acid  has  been  most 
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carefully  investigated,  and  it  has  been  conclusively  proved  by 
analytical  as  well  as  by  synthetical  experiments  (see  p.  502)  that 
its  constitution  must  be  represented  by  the  formula: 

O 

PH)*CH,«00,H. 
BiaiOicadd, 

The  iaoUtion  of  this  derivatiTe  of  reaoreinol  as  well  as  of 
m^hflmipmie  add  from  among  ihe  degradation  products  of 
trimetiiylbrasilui  clearly  proves  that  the  latter  contains  the 
groupings 

O  ^ 

and,  since  these  residues  must  be  fused  together  so  that  the  carbon 
atoms  marked  with  asterisks  are  common  to  both,  the  skeleton 
formula  for  trimethylbrasilin  becomes 

O 


MeO/'^/N?  /NoMe 
VVfrO-lJoMe- 


O 

Many  other  considerations,  which  are  clearly  indicated  in  the 
earlier  papers,  led  us  to  develop  this  skeleton  formula  further  and 
to  select  the  expression 

O 

OH  OH^ 
OH 

as  most  probably  representing  the  constitution  of  trimethylbrasilin 
(Trans.,  1901,  79,  liOl*).  This  formula  appeared  to  account,  in 
a .  satbfactory  manner,  for  all  the  then  known  reactions  and 
decompositions  of  this  substance,  but  the  evidence  on  which  it  was 
based  was,  on  the  other  hand,  not  quite  sufficient  to  allow  of  its 
being  definitely  and  unreservedly  accepted.  During'  the  last  few 
years,  facts  have  gradually  accumulated  which  seemed  to  suggest 
that  the  above  formula,  ^though  obviously  very  near  the  touth, 
required  slight  modification.  It  will  not  be  necessary  to  enumerate 
all  these  facts,  as  the  following  example  will  be  sufBdent  to  indicate 
*  The  formula  actually  given  in  this  raferesoe  it  that  of  bnudlin  itaelt 
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the  kind  of  difficulty  which  we  met  with  when  wo  attempted  to 
bring  some  of  these  facts  into  harmony  with  the  above  formula. 

When  trimethylbrazilin  is  oxidised  hy  permanganate,  the  two 
acids 


0*U%00,H 


IJCO^  00,H-CH,lJ0Me 

2-Carboxy-5-methoiy«  i-C&rboxy-4 :  S-dimethoj^- 

phenoxjracetic  acid.  phenjlacctic  acid. 

are  formed  in  considerable  quantities.    Each  of  these  acids  contains 

a  >CH2  group  (marked  with  an  asterisk),  and  it  will  be  noticed 

that  braiilic  add  (p.  491)  also  contains  tko  same  >CHt  group 

which  is  pmeni  in  carboxjmethoa^henoxyacetie  aeid. 

The  examination  of  a  large  number  of  cases  shows  that  it  is 
unnsaal  for  a  >>CH2  group  to  be  produced  during  oxidation  with 
permanganate,  and  this  fact  led  us  to  suspect  that»  in  all 
probability,  these  two  >CH2  groups  are  contained  as  sudi  in  the 
correct  formula  for  trimethylbrazilin  and  occupy,  of  course,  the 
positions  fixed  by  the  formulae  of  the  degradation  products.  This 
condition  is  not  fulfilled  in  the  formula  for  trimethylbrazilin  pro- 
visionally adopted  (see  above),  because,  although  it  contains  the 
>GH|i  group  of  caxixnydimethoj^henylacetic  addt  it  doee  not 
contain  the  >CHs  group  of  carboxymethoxyphenozjaoetic  add. 
In  order  to  demise  a  formula  which  should  satisfy  these  conditions, 
we  have  developed  more  particularly  the  following  line  of  argument 

It  is  dear  that  the  correct  formula  for  trimethylbrasilin  must 
account  for  the  formation  of 

O 

Me0/\/\CH.,  ■     •  CX),H/N0Me 

^^C(OH)-CH,'00,H  CO,H^OMe 

CO 

Brazilic  acid.  *A-Hemipiiiic  acid. 

as  degradation  products.  If  we  confine  our  attention  to  the  portion 
of  the  molecule  ntuated  betwem  the  two  bensene  rings,  it  is  evident 
that  there  are  only  three  groupings  whidi  will  account  for  the 
formation  of  the  above  adds  on  oxidation: 

O  O 


XX 


/ 


0       G  CO 


X 


I.  li.  IIL 
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No.  I.  ii  the  grouping  oontained  in  the  formula  for  trimethyl- 
biaiilin  which  haa  been  repeatedly  referred  to  (eee  p.  491),  and 
which  does  not  allow  of  the  presence  of  a  XXH^  group  in  the 
poiiiion  indicated  by  brajdlic  acid  and  carbozymethozyphenosy- 
acetic  acid. 

It  isy  however,  clear  that  four  atoms  of  hydrogen  may  be  added 
to  the  expreseions  II.  and  III.,  thus : 


0       CH,  C  CH, 


X 


II.  III. 

and  these  expressions  then  contain  tho  two  >>CH2  groups  of  brazilic 
acid  and  carboxymetlioxyphenoxyacetic  acid,  on  the  one  hand, 
and  of  carboxydimethoxyphenylacetic  acid  on  the  other,  and  are 
for  this  reason  to  bo  preferred  to  I.  But  grouping  III.  is, 
obviously,  a  very  unlikely  one,  and  we  therefore  decided  to  test 
the  validity  of  II.,  the  acceptance  of  which  would  lead  to  the 
formula 

O 

Meo/^/NpH, 

OH  CH. 


< 


MeO  OMe 

as  representing  the  constitution  for  trimethylbraiilin.* 

In  attacking  this  difficult  problem,  we  have  employed  the  method 
of  qn^thesis,  and  have  now  succeeded  in  synthestsbig  all  the  more 
important  degradation  products  of  trimethylbrai^in  with  the 
CKoeption  of  braailic  add,  so  that  there  can  no  longer  be  any 
doubt  as  to  their  constitutions.  Of  these  syntheses,  the  most 
important  are  those  of  bfmUinie  aeid  and  of  the  ktetonei  of 
dihjfdrobra»ilmie  and  dihfdrohaematoxjfUnie  aeid$,  since  these,  in 
our  opinion,  definitely  prove  the  constitutions  of  both  brasilin  and 
haematoxylin.  Brasiiuiic  acid,  (MeO)sC]4H702(CO|H)2,  is  a  dibasic 
acid  which  is  formed  in  considerable  quantities  when  trimethyl- 

*  Daring  the  oovtm  of  an  -intenstiog  diseawioii  of  the  degradation  products  of 
trimetlqrlbnnhii  (described  in  the  pnaent  series  of  papers),  Werner  and  Plbiflhr 
{CJum.  StUBch.,  1904,  8,  421)  first  suggested  this  foimiUa  as  possibly  Teprssenting 
tho  constitution  of  trimetbylbnsilio. 
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brazilin  is  oxidised  with  permanganate  (Trans.,  1902,  81,  1014  and 
1030). 

It  melts  at  208^,  and  one  of  its  most  characteristic  properties  is 
the  iact  that,  when  reduced  with  sodium  amalgam,  it  is  converted 
by  the  addition  of  two  atoms  of  hydrogen  and  elimination  of  water 
into  the  lactone  of  dihydrobrasilinic  add  (m.  p.  227^). 

The  formula  first  suggested  for  trimethylbrasilin,  namely: 

O 


MeO/V^^CH  {  ^  ,OMo 


OH  CH, 
OH 

leads  to  the  following  expressions  for  brazilinic  acid  and  the  lactone 
of  dihydrobrasilinic  acid: 

O  O 

Meo/^/  "^CH  /^  ^OMe      .  MeOf^'^.^^CU  f^\oMe 

CO^  00,H  cd,H  \/ 

whereas,  if  the  formula 

O 

Meo/^^CH, 

OH  GH, 

\  / 

MeO  OMe 

correctly  represents  trimethylbrazilin,  then  the  corresponding 
formuUe  for  brazilinic  acid  and  the  lactone  of  dihydrobrazilinic 
acid  will  be: 

/V    >0-UH--C02H  /V  .0-CH,-CO,U 

MeOr^  Y  ^^^^  • 

\/\x).      ^         and  \/'\/^\ 

^\  CO^  CH  CO. 

\  / 

<:> 

MeO  OMe 

In  order  to  decide  this  matter  definitely,  we  undertook  a  series 
of  experiments  with  the  object  of  synthesising  substances  having 
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the  formulae  last  mentioned,  and  in  this  ve  wero  ultimately 

successful. 

When  a  mixture  of  fn-hemipiuic  anhydride  and  ethyl  methoxy* 
phenoxyacetate  is  treated  with  aluminium  chloride,  a  small  quantity 
of  an  acid  of  melting  point  208^  is  formed,  which  was  found  by 
careful  comparison  to  be  identical  with  brazilinic  acid  (p.  515): 

hOIL  OOJtt  XV  yO'CH-'COJEl 

CO,H  . 


Subsequently  the  lactone  of  dihydrobiazilinic  acid  was  syntheaised 
by  the  following  series  of  reactions  (p.  514). 

In  the  first  place,  7/i-heinipinic  anhydride  was  condensed  witli 
resurcinol  dimethyl  ether  in  the  presence  of  aluminium  chloride, 
when  2'-hydroxyA:b  ■A  -lrimethoxy'2-htnzoylbenzoic  acid*  was 
produced :  , 


MeO 


This  ketonic  acid  was  then  converted,  bv  reduction  with  sodium 
amalgam,  into  2-mrmeconyl-b-niethoxyyhenol  (X.) : 


MeOf'^^H 


0*C%00,H 

o 


MeUOMe 


I. 


MeOOMe 


When  ihia  Uctona  is  treated  with  chloroacetic  acid  and  potash 
ium  hydroxide,  the  group  'CB^'OOsH  is  introduced  in  the  place  of 
hydrogen  of  the  hydroxyl  group,  and  the  substance  so  produced 
melte  at  2%!^  and  is  the  lactone  of  dihpdrohriunUme  aeid,  which 
consequently  must  have  the  constitution  n. 

These  syntheses  not  only  establish  the  formulae  of  brasilinic 
acid  and  the  lactone  of  dihydrobrasilinic  acid,  but  they  also,  at 

•  The  conditions  employed  were  such  that  bydrolyais  of  one  uiethoxyl  group  takes 
i>lac«  during  the  condeu^uttion. 
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the  same  time,  appear  to  us  to  prove  oondnatvely  that  braaUin 
must  have  the  conatitution  represented  by  the  fommla: 

0 


HO  OH 

since  no  other  constitutional  formula,  except  that  coutaining  tha 
hydroxyl  group  in  the  place  of  hydrogen  of  the  ^CH  group,*  is 
capable  of  yielding  brazilinic  acid  on  methylation  and  oxidation. 

It  has  long^  been  assumed  that  haematoxylin  is  analogously  con- 
stituted to  braziiin,  and  that  it  contains  a  pyrogalloi  residue  in  the 
place  of  the  resorcinol  residue  in  braziiin.  This  view  is  entirely 
borne  out  by  the  examination  of  the  acids  produced  during  the 
oxidation  of  tetrametliylhaematoxylin  with  permanganate  and  with 
chromic  acid  (Trans.,  1902,  81,  236  and  1057).  It  follows  there- 
fore that  the  formula  for  hxmatoxyim  ia  in  all  probability 

OH  O 

oh/V^Nch, 

/ 

 /■ 

1  > 

HO  OH 

In  ordoTi  however,  to  obtain  further  evidence  in  support  of  this 
formula,  we  decided  to  attempt  the  synthesis  of  the  lactone  of 
dihydrohaeviaioxylinic  acid,  a  Substance  which  is  obtained  from 
tetcamethylhsematoxyliu  in  the  same  way  as  the  lactone  of  dihydro- 
brazilinic  acid  from  trimethylbrazilin  (Trans.,  1902,  81,  244),  and 
this  was  ultimately  accomplished  in  the  following  manner. 

When  aluminium  chloride  reacts  with  a  mixture  of  pyrogalloi  tzi- 
methyl  ether  and  m  hemipinic  anhydride,  under  the  conditions 
given  on  p.  515,  a  similar  condensation  takes  place  to  that  already 
described  in  the  ease  of  the  synthesis  of  the  lactone  of  dihydro- 
brasilinic  acid. 

The  i'-hpdrowy-Zf  :A'A:  ^tetramethoxyben§offlben$mc  aeid, 

MeO 

MeO^^^H  CO,H|^OJ^, 
*  That  Uusalteniative  is  impoaaible  will  be  proved  in  a  fatnta  paper  on  brosileia. 
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yielded,  ou  reduction  and  subsequent  treutmeut  with  chloroacetic 
acid    aud   potassium   hydroxide,    a   substance    which   molted  at 
192 — 193°,  aud  proved  to  be  the  lactone  of  dihydrohaematoxylinic 
acid,  which  therefore  must  have  the  constitutional  formula : 

MeO 

OH  00. 


MeO  OMe 

This  syntbens  alao  proves  that   haematoxyliMe  acid  and 
haenuUoxylin  must  be  represented  by  the  f ormule : 
MeO  OH  0 

Meo/\o-OH,-COjH  OHj^^l^NjlH, 

00  :iiid  CH  CIl,. 


OO^H 


< 


MeO  OMe  HO  OH 


It  can  readily  be  shown  that  the  formula  adopted  above  for 
braziliu  accounts  in  a  simple  manner  for  all  the  decomposition  pro- 
ducts of  this  substance,  and.,  in  a  subsequent  paper,  dealing  with 
brazilcin  and  its  derivatives,  which  we  hope  to  publish  sliortly,  it 
will  be  clearly  demonstrated  that  the  constitution  of  this  important 
oxidation  product  is  readily  derived  from  the  formula  of  braziliu 
and  is  to  be  represented  thus : 

\/\/<!'(0")\ 

O  CH,. 

HO  y 

One  of  the  most  piusUng  decompositioiui  whicli  trimethylbrasilin 
undergoes  Is  its  conTersion  into  trimeUiylbrasilone  by  oxidation 
with  chromic  acid  (Trans.,  1902,  81,  1040),  a  change  which  takes 
place  according  to  the  equation : 

(MeO)sC,6Hii02  +  20  =  (MeO)8CieHe03  +  HgO. 

Trimethylbrazilone  possesses  very  remarkable  properties.    It  is  a 
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ketone  which,  when  treated  with  potassium  hydroxide  or  de- 
hydrating agents,  is  converted,  with  loss  of  one  molecule  of  water, 
into  a-anhydrotrimeihylhraziloney  a  substance  which  obviously 
contains  a  hydroxyl  group,  since  it  readily  yields  an  acetyl  com- 
pound and  a  methyl  ether.  These  properties  dearly  prove  that 
trimethylbrazilone  cannot  possess  the  constitution 

O 

MeO/'V^CH 

HO-C       CH-OH , 

MeO  OMo 

which  Werner  and  Pfeiffer  {Chem.  Zeitsc/i.,  1904,  3,  421)  have 
suggested,  and  which  tliey  derived  directly  from  the  formula  of 
trimethylbrazilin  by  oxidation  and  elimination  of  water.  A  very 
careful  consideration  of  the  properties  of  trimethylbrazilone  has 
led  us  to  the  conclusion  that  this  substance  caunut  be  directly 
derived  from  trimethylbrazilin,  and  a  number  of  further  experi- 
ments which  wc  have  made  with  this  substance  and  its  derivatives 
seem  to  us  to  indicate  clearly  that  it  is  formed  according  to  the 
following  scheme. 

The  oxidation  of  trimethylbrazilin  with  chromic  acid  leads  to  tho 
disruption  of  the  central  linking,  and  the  unstable  diketoiic  which 
is  thus  formed  undergoes  aidol  coudeusation  and  yields  trimethyl- 
brazilone : 


0  O 


MeO  OMe 
Trimethylbnunlone. 
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This  formulA  represents  trimetbylbrasilone  as  a  derivative  both 
of  coumaran  and  of  tetrahydronaphtbalene,  and  affords  a  ready 
explanation  of  all  the  decompositions  of  this  substance. 

That  trimethylbrazilone  is  a  ketone  is  proved  by  the  preparation 
of  an  oxime  (Herzig  and  Pollak,  Ber.,  1903,  36,  398),  and  by  the 
fact  that  it  reacts  readily  with  phenylhydrazine,  but  in  the  latter 
case  the  process  leads,  uuder  different  conditions,  to  widely  different 
products. 

Herzig  and  Pollak  (/?fr.,  1905,  38,  21G6)  heated  trimethyl- 
brazilone with  acetic  acid  and  phenylhydrazine  on  the  water-bath, 
and  obtaiiunl  a  substance,  C'.>2Hi30N2(OMe)3,  which  crystallised  in 
yellow  needles  and  melted  at  239 — 242°.  This  phenylhydrazine 
derivative  is  produced  according  to  the  equation: 

C,6H903(MeO)3  +  CcH5-NH-NH4= CjBH,30N2(OMe)3  +  2H«0, 

and  it  is  obviously  a  pyrazoline  derivative.  The  formation  of  such 
a  substance  is  readily  understood  with  the  aid  of  the  above  formula 
for  trimethylbrazilone,  and  its  constitution  is  doubtless 

O 

\/\/  X 

C-KPh-N  (Jllj. 


< 


MeO  OMo 

When  trimethylbrazilone  is  boiled  in  glacial  acetic  acid  solution 
with  phenylhydrazine,  an  entirely  different  reaction  takes  place, 
and  leads  to  the  formation  of  a  substance,  GiJELtfiJJAxO)^,  which 
is  described  in  an  earlier  paper  (Trans.,  1902,  81, 1040)  under  the 
name  deoxytrimethylbrazilone.  This  substance  is  probably  a 
dihydronaphthalene  derivative  of  the  formula 

O 

MeO, 


HeU  OMe 

but  the  position  of  the  additive  hydrogen  atoms  is  uncertain. 

The  most  important  evidence  in  favour  of  the  correctness  of  the 
above  view  of  the  constitution  of  trimethylbrasilime  is  obtained  from 
the  study  of  the  properties  of  Oranhydrotrimethylbrazilone,  This 
substance  is  produced  by  the  action  of  alkalis,  acetic  anhydride,  or 


500 


PERKIN  AND  ROBINSON: 


some  other  dehydrating  agents  on  trimethylbrazilone,  and  there 
can  be  little  doubt  that  its  formation  is  due  simply  to  the 
elimination  of  water  from  the  aldol  grouping  in  .trimethylbranloney 
and  that  it  therefore  has  the  constitution : 


CH. 


MeOOKe 

This  formula  represents  a-anhydrotriiiicthylbrazilone  as  a 
derivative  of  )3-iiaphthol,  and,  in  accordance  with  this  view,  we  find 
that  it  shows  many  of  the  properties  of  i3-naphthol.  It  dissolves 
in  cold  dilute  potash,  and  the  alkaline  solution  combines  readily 
with  diazobenzeno  chloride  to  yield  an  intense  red  azo  dve,  which 
is  almost  exactly  similar  to  the  dye  which  is  produced  from 
^-naphthol  under  the  same  conditions.  In  particular,  it  shows  the 
characteristic  property  of  dissolving  in  concentrated  sulphuric  acid 
with  an  intense  red  colour.  Again,  when  a-anhydrotrimethyl- 
brazilone  is  combined  with  a-diazonaphthalcne  chloride,  the  azo-dyc 
produced  dissolves  in  concentrated  sulphuric  acid  with  a  blue  colour 
exactly  as  in  the  case  of  tlie  dye  produced  from  jS-iiaplithol. 

The  most  striking  reaction  of  trimef liylbrazilone  is  its  l)ehaviour 
with  cold  concentrated  nitric  acid,  when  it  yields  nitrohydrozydi- 
hydrotrimethylbrazilone  (Trans.,  1902,  81,  1019): 

CMH,0,(MeO)a + HNO3 = C„HioOeN(MeO)8. 
This  remarkable  substance  dissolves  in  alkalis  with  an  intense 
purple    colour,  but,  on  standing,  the  colour  rapidly  •  fades, 
o-nitrohomocateehol  separates,  and  the  solution  contains  ]^methozy• 
salicylic  acid. 

When  oxidised  with  permanganate,  nitrohydrozydihydretri- 
methylbraxilone  yields  2-carboxy-5>methozyphenozyacetic  aci9. 


MeOj^^ 


O-OH^-COjH 


and  these  decompositions  point  clearly  to  the  formula 

O 


Me0/\^C11,     NO,,  ,OMe 


co«6 
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as  the  constitution  of  tiie  nitro-oompound  (compare  Trans.,  1902, 
'81,  1059).   This  expression  is  derived  from  the  constitutional 
formula  for  trimethylbrasilone  in  the  following  manner: 

0 

Y  CH-CO 

C(OH)  ^Hj  +  HNO, 

\  

MeO  OMe 
O 

O 


MeO,'    Y      ^CH,  NC^OMo 
!^  ;(JO,U  CO— CHjk^OMe ' 

Tlic  substance  last  represented  undergoes  a  simple  mlraniolecular 
change,  and  the  lactone,  nitrohydroxydihydrotrixnethylbrazilone,  is 
produced. 

Herzig  (Bcr,,  1904,  37,  031)  lias  sliown  thai  trinK'thylbrazilonc 
undergoes  isonieiic  change  when  it  is  dissolvcfl  in  sul})h\n  ic  acid, 
and  yields  ^-triniethylbrazilone.  This  substance  is  a  monobasic 
acid,  and,  in  the  course  of  its  investigation,  we  found  that,  on 
oxidation  with  permanganate,  it  yields  large  quantities  of  2-carboxy- 
4  :  5-dimethoxyphenylacetic  acid,  (MeO)2C6n2(C02H)'CH./CO._jH 
(compare  p.  516).  There  can  be  little  doubt  therefore  that  its 
constitution  is  represented  by  one  of  the  formute: 

o 

MeOf-'  Y  \xr    COjH-CHo/^  OMe 


MeOr   Y    nil   CO.H,  lOMe 
(J  CH/ 

and-  its  formation  from  trimethylbrasilone  may  be  readily  followed 
with  tiie  ikid  of  the  formula  suggested  above. 
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When  tetramethyllueiiiatozyliii  is  (uddised  with  chromic  add, 
it  beliaves  in  an  exactly  similar  manner  to  trimethylbraxiliny  and* 
yields  tetrametiiyllismatoxylone  (Tn,uB»,  1902,  81,  1060),  and  the 
latter  substance  is  converted  by  alkalis  or  dehydrating  agents  into 
anhydrotetramethylhaematosylone.  The  constitutions  of  these  sub- 
stances may  therefore  be  represented  thus : 

MeO    O  MeO  0 


CH-CO    I  C-C-Oli 

C(OH)    CH,     and  C       OH . 


> 


MeU    OMe  MeO  OMe 

In  support  of  these  formula,  the  fact  may  be  specially  mentioned 
that  anbydrotetramethylhaematoxylone,  like  anhydrotrimethyl- 
brazilone,  exhibits  all  the  properties  of  a  derivative  of  iS-naphthoL 

We  are  at  present  engaged  on  a  series  of  experiments  with  the 
object  of  synthesasing  trimethylbrasilone,  tetramethyUuematoxylone, 
and  their  derivatives,  and,  in  this  way,  of  definitely  establishing 
their  constitutions. 


Constitution  of  BrazUie  Add  and  SynthtsU  of  AnhydrohratUic 

Aeid, 

It  has  already  been  pointed  out  in  this  introduction  (p.  491) 
that  the  determination  of  the  constitution  of  brazilic  acid  is  of  the 
greatest  importance,  not  only  on  account  of  the  interest  attaching 
to  the  acid  itself,  but  more  particularly  because  the  constitution 

brazilic  acid  has  such  a  direct  bearing  on  that  of  brasilin. 

This  matter  has  been  fully  discussed  in  an  earlier  paper  (Trans., 
1902,  81,  221),  and  it  is  there  shown  that  all  the  available  evidence 
pointed  to  the  formula 

0 


MeOr^V^CH. 


2 


/C(OH)-CHj-CO,H 
CO 

as  correctly  representing  brazilic  acid.  The  most  important  decom- 
position  of  this  acid  is  its  conversion  into  anhydrobrazilic  acid  by 
concentrated  sulphuric  acid,  a  change  which  is  simply  due  to 
elimination  of  water.  Evidence  of  the  constitution  of  the  anhydro- 
acid  is  afforded  by  its  decompoeition  by  baryta  into  formic  add 
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and  2-hydroxy-4-niethoxyb6iizoylpropioxiie  acid,  a  change  which  may 
be  repreeeDted  thiu : 

O 

Meo/V^CH  ^  Meo/YH 

\  A  /C-CH.-CO.H  '  X  A  T  t**« 

^}<0  \/  \00-CH3*CH,-00,H 

111  order  to  control  this  view  of  the  decomposition,  the  hydroxy- 
inotlioxybcnzoylpropionic  acid  ^vas  methylated  and  the  diniethoxy- 
denvative  prepared  syntliotically  from  rcsorcinol  dimethyl  ether, 
the  ester  of  the  semi-chloride  of  succinic  acid  and  aluminium 
chloride: 

^^^0^^*  +  Cl-CO-CH,-CH,-CO,Et  - 

\cO-CH,-OH,'(X),Et 
A  still  more  oenvenient  synthesis  of  this  acid  has  since  been 
devised,  and  is  described  on  p.  506. 

Although  all  this  evidence  is  very  strongly  in  favour  of  the 
above  constitution  of  anhydrobrasilic  acid,  wo  wished  to  be  quite 
certain  on  this  point,  and  therefore  decided  to  attempt  the 
synthesis  of  this  acid,  a  problem  which  proved  to  be  much 
more  difficult  than  we,  at  first,  anticipated.  Such  of  the  unsuccess- 
ful attempts  as  have  led  to  the  pr^wiation  of  new  compounds  of 
interest  are  described  in  the  experimental  part  of  this  pi^er 
(pp.  505,  507),  and  the  synthesis  of  anhydrobrasilic  acid  was  ulti- 
mately accomplished  in  the  following  manner.  The  starting  point  is 
2-hydrozy-4-m6thozybensoylpropionic  acid,  which  is  produced  when 
a  mixture  of  resorcinol  dimethyl  ether  and  succinic  anhydride  is 
treated  with  aluminium  chloride  without  employing  a  solvent.  Under 
these  conditions,  a  vigorous  reaction  sets  in,  and  condensation  and 
eUnunation  of  a  methyl  group  take  place  at  the  same  time, 

MeO/NoMe^CO-O-CO    ^  MeO/^^H 

\y  iH,-6H,  \/\cO.CH,-CH,.CO,H  ' 

and  it  is  interesting  that  the  substance  thus  produced  is  identical 
with  the  acid  which  is  obtained  when  anhydrobrazilic  acid  \h 
digested  with  baryta  water  (see  above).  When  the  methyl  ester 
of  hydroxymethoxybenzoylpropionic  acid  is  dissolved  in  ethyl 
formate  and  treated  with  finely  divided  sodium,  a  vigorous  reaction 
sets  in,  and  the  product  contains  the  methyl  ester  of  anhydro- 
brazilic acid,  since  it  yields  this  acid  on  hydrolysis.  This  interesting 
VOL.  XCIII.  L  L 
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synthesis  of  anhydrobrazilic  acid   may  be  represented  in  the 
following  way: 

MoOj/^OH  Meo/NoH  OH-CH 

^  ^0O-CH,-CH,-0O,Me  ^00 — C-CHj-  CO,M« 

O 

\/\  /C-CU,-CO,Me 

UO  i 

I 

and  conclusively  proves  not  only  the  constitution  of  anhydro- 
brazilic acid,  but  also  indirectly  that  of  brasilic  acid  itself. 

I 

EXPSBIMBNTAL.  | 

8yntht$U  of  Aeid, 
It  has  already  been  pointed  out  (pp.  490, 492)  that  the  two  acids : 

MeOf  V    ■  and  00,Hf^  ^OMe 

^CO.^H  CO.H-CH,^^^OMe 

2-Carboxy-rj-mctlioxyphcnoxy-  2-Caiboxy-4  :  S-diniethoxy- 

acetic  acid.  phcnylacetic  acid. 

are  amongst  the  most  important  degradation  products  of  trimethyi- 
brazilin.  The  synthesis  of  the  last  mentioned  of  these  acids  from 
5 : 6-dimethozy-l-hydrindone  by  the  following  steps : 

00  00 


Me0i^l^^'**«~^  MeOi^^  ^^•'^•^      Meol^CliVcO.H ' 

has  been  described  in  an  earlier  paper  (Trans.,  1907,  91,  1082). 
We  have  now  succeeded  in  synthesising  2'Carboxy-d-methoxy- 
phenozyacetic  acid,  and  there  can  therefore  be  no  doubt  as  to  the 
constitution  of  either  of  these  acids.  The  first  step  in  the  synthesis 
was  the  preparation  of  ald^ydomethozyphenozyacetio  add, 
MeO*C6H3(0*CH2*C02H)»OHO,  and  this  was  accomplished  in  the 
following  way. 

p-Methozysalicylaldehyde  (3  grams)  was  mixed  with  chloroadt^£u^^ 
acid  (5  grams),  and  sufficient  hot  40  per  cent,  potassium  hydroxide 
slowly  added  to  keep  the  clear  yellow  liquid  distinctly  alkaline ;  the 
product  was  then  boiled  for  half  an  hour.  The  solution  of  the 
potassium  salt  of  aldehydo-p-methoxyphenozyacetic  acid  thus 
obtained  was  diluted  with  water,  cooled,  and  potassium  perman- 
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ganate  added  until  the  pink  colour  remained  permanent.  The 
whole  was  then  heated  to  boiling,  filtered,  and  the  filtrate  and 
washings  of  the  manganese  precipitate  concentrated  and,  while  still 
hot,  acidified  with  hydrochloric  acid,  when  colourless  needles 
separated,  which,  after  recrystallisation  from  water,  gave  the 
following  results  on  analysis: 

0-U66  gave  0-2846  CO.  and  0-0584  H.O.    0  =  52  9 ;  H  =  4-4. 
CjoHjoOg  requires  C=53'l;  B[=4-4  per  cent. 

2-Carhoxy-b-methoxyphenoxy acetic  acid  melte  at  176P,  and  is  iden- 
tical with  the  acid  obtained  by  the  oxidafcioB  of  trimethylbrazilin 
(Trans.,  1901,  79,  1407),  and  which  was  assumed  to  have  this 
constitution. 

The  identity  was  proved  not  only  by  the  comparison  of  the 
general  properties  of  the  two  specimens,  but  also  by  the  fact  that, 
when  mixed,  the  mixture  melted  at  the  same  point  (175^)  as  the 
constituents. 

Ethyl  2  lArDimeihoxyhemoylfffruvate^ 

MeO/^|OMe 

I    JC0-CHj-C0-C0,Et  • 

This  substance  was  prepared  because  it  was  thought  that  it  might 
prove  valuable  in  our  exporiments  on  the  synthesis  of  anhydro- 
brszilic  acid,  and  the  process  employed  was  similar  to  that  described 
by  Kostanecki,  Paul,  and  Tamlior  {Ber.,  1901,  34,  1^477)  in  their 
experiments  with  the  rr^rresponding  diethoxy-derivative.  A 
mixture  of  rcsacetophenone  dimethyl  ether  (3  grams)  and  ethyl 
oxalate  (7  grams)  was  added  to  finely-divided  sodium*  (0  7  gram), 
when  a  vigorous  action  soon  set  in,  and  the  sodium  rapidly  and 
completely  disappeared.  Owing  to  the  separation  of  a  yellow 
sodium  salt,  the  product  of  the  reaction  was  nearly  solid.  After 
decomposing  with  dilute  acetic  acid,  the  yellow,  crystalline  pre- 
cipitate was  collected,  well  washed,  and  crystallised  from  alcohol: 

0-1209  gave  0  2652  COg  and  0  0627  H.,0.    C  =  59-8;  H  =  6-8. 
Ci4Hie06  requires  0  =  600;  H=5*7  per  cent. 

Ethyl  2 'A-dimethoxybenzoplpyruvate  crystallises  in  beautiful 
golden-yeUow  flakes,  melts  at  86 — 87°,  and  its  solution  in  alcohol 
gives,  on  the  addition  of  ferric  chloride,  a  hrownish-green  coloration. 
When  the  dry  substance  is  heated  in  a  test-tube,  it  decomposes 
with  evolution  of  carbon  monoxide  and  formation  of  an  oil  which 
jrields  a  violet  coloration  when  ferric  chloride  is  added  to  its 

*  Hie  fiiiely*divided  •odinm  used  in  all  out  experiments  was  prepared  by  meltiDg 
eodiiim  under  toluene  and  igitetiDg  liffunnAj* 

L  L  2  ^ 
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alcoholic  solution.  This  oil  is  soluble  in  alkaline  carbonates, 
and  obviously  consists  of  ethyl  2 : 4-dimethoxybenzoylacetate, 
(McO)2Crn^-CO-CH..-CO.Et.  Ethyl  dimethoxybenzoylpyruvate  is 
readily  hydrolysed  by  alkalis  with  formation  of  dimethoxybenzoyl- 

pyruvir  acid. 

This  acid  is  not  readily  decomposed  by  the  further  action  of 
alkalis,  but,  when  boiled  with  strong  potash,  the  yellow  colour  of 
the  solution  gradually  becomes  fainter,  and  dimethoxyaceto- 
pbenone  may  then  be  extracted  with  ether.  Many  attempts  were 
made  to  cause  the  sodium  derivative  of  ethyl  dimethoxybenzoyl- 
pyruvaie  to  react  with  chloro-  or  bromo-acetic  ester,  but  without 
success,  and  this  is  perhaps  hardly  surprising  in  view  of  the  fact 
that  oxalacetic  est^  jiekU  alkyl  derivatives  only  with  great 
difficulty. 

2:i-Dimethoxybenzoyipropumie  Aeid, 

MeO/^OMe 

I    JcO-CH,-CH,-GOjH  • 

Tlie  synthesis  of  this  acid  from  rcsorcinol  dimethyl  ether  and 
the  ester  of  the  semi-chloride  of  succinic  acid  and  subsequent 
hydrolysis  has  been  described  in  an  earlier  })aper  (Trans.,  1902,  81, 
234),  but  the  yield  obtained  was  very  unsatisfactory.  We  have 
now  found  that  this  acid  may  be  readily  prepared  from  resorcinol 
dimethyl  ether  by  condensation  with  succinic  anhydride  in  the 
presence  of  aluminium  chloride.  Resorcinol  dimethyl  ether  (30 
grams)  is  dissolved  in  carbon  disulphJde  (200  grams),  and  succinic 
anhydride  (20  grams)  and  aluminium  chloride  (25  grams)  added 
alternately  in  small  quantities  at  a  time,  when  a  vigorous  action 
sets  in,  but  subsides  in  about  fifteen  minutes. 

The  whole  is  heated  in  a  reflux  apparatus  on  the  water-bath  for 
three  hours,  the  dark  red,  syrupy  aluminium  compound  is  decom- 
posed by  ice,  and  the  product  distilled  in  steam  to  remove  carbon 
disulphide.  The  residue  in  the  distillation  flask  solidifies  on 
cooling,  and,  after  several  crystallisations  from  benzene,  melts  at 
146 — 148°,  and  consists  of  pure  dimethoxyhenzoyl'pro'pionic  acid: 

0-1607  gave  0  3560  COj  and  0  0873  HgO.    0  =  604;  H=6-0. 
C12H14O5  requires  C=60'6;  H=5*9  per  cent. 

The  add  thus  obtained  became  a  deep  violet  a  few  degrees 
above  its  meltitig  point,  a  reaction  which  is  characteristic  of 
dimethoxybenzoylpropionic  acid.  That  the  sjmthetical  acid  is 
identical  with  the  acid  obtained  from  anhjdrobrazilie  aoid  {loe,  eU,, 
p.  233)  was  proved  by  the  fact  that^  when  the  two  specimeiis  were 
mixed,  there  was  no  alteration  in  the  melting  point. 
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Methyl  2  :  A-DlmttJioryhenzoylpropionatef 
(MeO)jCjH4-CO-CH4-CH2-C08Me. 

This  substance  is  readily  obtained  by  boiling  the  aoid  (5  grams) 
with  methyl  alcohol  (50  c.c.)  and  solphuric  acid  (5  c.c.)  in  a  xefltix* 
apparatus  for  two  hours.  The  product  is  poured  into  water, 
extracted  with  ether,  the  ethereal  solution  washed  with  dilute 
Bodiam  carbonate,  dried  over  calcium  chloride,  and  the  ether 
evaporated,  when  an  oil  is  obtained  which  soon  solidifies,  especially 
if  a  crystal  is  introduced.  After  leaving  in  contact  with  porous 
porcelain  until  the  oily  impurities  had  been  completely  absorbed, 
the  residue  was  recrystallised  from  light  petroleum : 

0-1734  gave  0'3921  CO2  and  0  0965  HgO.    0  =  617;  H  =  6-2. 
Cj3Hjc05  requires  C  =  61-9;  H  =  6*3  per  cent. 

Methyl  (limethoxyhtnzoyl propionate  separates  from  light  petrol* 

eum  in  small,  colourless  prisms,  and  melts  at  58^. 


Condensation  of  Methyl  2  A-Dimethoxybentoylpropionate  with 

Ethyl  Oxalate, 

In  studying  this  condensation,  the  methyl  ester  (5  grams)  was 
dissolved  in  ethyl  oxalate  (15  grams),  and  then  finely-divided  sodium 
(l  o  grams)  added  gradually.  The  addition  of  each  quantity  of 
sodium  produced  a  vigorous  reaction,  which  was  regulated  by 
cooling  under  the  tap. 

When  the  whole  of  the  sodiuni  had  been  added,  the  browuish- 
yellow  mass  was  heated  for  ten  mi  antes  on  the  water-bath,  and 
decomposed  by  dilute  acetic  acid.  The  yellow  precipitate  was  col- 
lected at  the  pump  and  recrystallised  from  alcohol,  in  which  it  is 
sparingly  soluble,  and  from  which  it  separates  in  brownish-yellow 
needles  or  prisms,  which  melt  at  170°.  Two  different  preparations 
gave  the  following  results  on  analysis : 

0*1916  gave  0*4203  CO,  and  0*0828  HgO.   0^=59*8;  H»4*8* 
0  1820    „  0*2897  CX)2  „   0*0600  H,0.   C=59*9j  H«6  0. 
€^qH,q07  requires  0^60*0;  H=5*0  per  cent. 

The  product  which  should  result  from  methyl  dimethoxybensoyl- 
propionate  by  condensation  with  ethyl  oxalate  should  have  the 
constitution: 

MeO/^|OMe  CO'COjEt 

N/Nx)'iH*CH,'OOpie ' 
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and,  M  the  substance  actually  obtained  contained  methyl  alcohol 
less  than  this,  it  is  evidently  a  lactone  of  the  probable  constitution : 


This  lactone  gives,  in  alcoholic  solution,  a  brown  coloration  with 
ferric  chloride,  when  heated  it  decomposes  with  evolution  of  carbon 
monoxide,  and,  when  digested  with  alkalis,  it  is  hydrolysed  with 
formation  of  dimethozybensoylpropionic  acid.  It  seemed  probable 
that  this  lactone  would  be  of  vidue  in  our  experiments  on  the 
synthesis  of  anhydrobrasilic  acid,  but,  as  this  did  not  prove  to  be 
the  case,  it  was  not  further  investigated. 


It  has  already  been  pointed  out  that  aluminium  chloride  reacte 
with  a  mixture  of  succinic  anhydride  and  resorcinol  dimethyl  ether 
in  the  presence  of  carbon  disulphide  with  the  formation  of  di- 
methoxybenzoylpropionic  acid,  (MeO).C\;H3'CO*CH2*CH2*C02H. 
When,  however,  the  condensation  is  carried  out  in  the  absence  of  the 
solvent,  hydrolysis  of  the  methoxy-group  adjacent  to  the  carbonyl 
group  takes  place  at  the  same  time,  and  hydroxymethozybenzoyl- 
propionic  acid  is  formed.  Resorcinol  dimethyl  ether  (15  grams) 
and  succinic  anhydride  (10  grams)  are  melted  together,  and 
aluminium  chloride  (10  grams)  added,  when  a  vigorous  action  sets 
in,  and,  after  this  has  slackened,  a  further  quantity  of  aluminium 
chloride  (10  grains)  is  added  and  the  mixture  heated  on  the 
waterbath  for  three  hours.  The  bright  red,  rather  stable 
aluminium  compound  is  decomposed  by  warm  dilute  hydrochloric 
add,  the  brown  oil  which  separates  extracted  with  ether,  the 
ethereal  solution  filtered  and  extracted  with  sodium  carbonate. 
The  alkaline  extract  is  boiled  witii  purified  animal  charcoal,  filtered, 
and  acidified  while  still  hot,  when  brown  needles  separate,  which, 
after  several  crystallisations  from  water,  are  obtained  quite  colour- 
less: 

01310  gave  0*2815  COo  and  0  0630  HoO.    C  =  58-6;  H  =  5-3. 
CjiIIjoO^  requires  C  — 58  9;  II  — 5  3  per  cent. 

The  2-hj/droxyA-methoii/benzoi/ljfropi(mic  acid,  obtained  in  this 
way,  melted  at  156*^,  and  was  identical  witli  the  acid  of  this  com- 
position which  had  previously  been  obtained  (Trans.,  1^2,  81, 


2-]IydrujyA-mt  thoj:yhcnzoyl2)ro']jionic  A  cid, 
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231)  from  anhydrobrazilio  acid  by  treatment  with  baryta,  since  no 
alteration  in  molting  point  could  be  detected  when  the  two 
specimens  were  mixed. 

Methyl  Hydroiymethoxyhenzoylprap'wtmtt, 
(MeO)(OH)CeHa-CO-CH8-CH2-C02Me. 

This  ester  is  readily  obtained  when  the  acid  ia  boiled  for  two 
hours  with  twenty  times  its  weight  of  methyl  alcohol,  containing  20 
per  cent,  of  solphnrio  add.  The  product  is  poured  into  water, 
rendered  alkaline  by  sodium  carbonate,  and  the  solid  ester  collected 
at  the  pump,  washed,  and  recrystallised  from  dilute  methyl  alcohol : 

0*1264  gave  0*2787  COg  and  0  0684  "Kfi,   C = 601 ;  H  »  6  0. 

C12H14O5  requires  C«60*5;  H«5*9  per  cent. 

Methyl  hydroxymethoxybemoylpropionaU  separates  from  dilute 
methyl  alcohol  in  colourless  needles,  melts  at  87°,  and  gives  an 
intense  violet  coloration  when  ferric  chloride  is  added  to  its 
alcoholic  solution. 

SynthesU  of  AnhydrobrazUic  Acid, 
O 

CX) 

This  synthesis,  which  has  been  discussed  in  the  introduction 
(p.  504),  was  carried  out  in  the  following  way.  Methyl  hydroxy- 
methoxybenzoylpropionate  (3  grams)  was  dissolved  in  hot  ethyl 
formate  (10  grams),  and  then  findy-divided  aodium  (1  gram)  added, 
when  a  reaction  set  in  which  was  allowed  to  proceed  vigorously 
and  yet  kept  under  control  by  cooling  from  time  to  time  somewhat 
with  water.  The  yellow  product  was  freed  ttom  traces  of  sodium 
by  mixing  with  a  little  alcohol,  and  then  warmed  on  the  water-bath 
with  concentrated  hydrochloric  add  for  fifteen  minutes.  After 
extracting  with  ether,  the  ethereal  solution  was  evaporated,  and 
the  residual  oil  hydrolysed  by  boiling  with  excess  of  methyl  alcoholic 
potash  j  the  solution  was  then  diluted,  evaporated  on  the  water-bath 
until  free  from  methyl  alcohol,  addified  with  hydrochloric  add, 
digested  with  animri  charcoal,  and  filtered  hot.  The  filtrate 
deposited  on  standing  a  yellow,  crystalline  powder,  which  was  re- 
crystallised  several  times  from  water,  and  until  it  no  longer  gave  a 
violet  coloration  with  ferric  chloride: 

01298  gave  0  2914  CO2  and  0  0505  H2O.    C  =  61-2;  H  =  4-3. 
CjoHjoOj  requires  C  =  6r5;  H  =  4"3  per  cent. 

That  this  substance  is  anhydrobrazUic  acid  (Trans.,  1902,  81,  230) 
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was  proved  by  the  fact  that  it  showed  the  following  characteristic 
properties  of  that  acid.  It  melted  at  197^,  gave  no  coloration  with 
ferric  chloride,  and,  when  dissolved  in  concentrated  sulphuric  acid, 
it  yielded  a  colourless  solution,  which  iluoresced  faintly  blue  in 
diffused  light,  and  very  brilliantly  so  in  the  light  of  burning 
magnesium.  Moreover,  a  mixture  of  the  synthetical  acid  and  the 
acid  obtained  from  trimethylbraziliu  melted  at  exactly  the  same 
temperature  as  the  components. 

2' :  i!-Dim€ihoxyhtnzoylbtnzoic  A  cui, 

MeO/NoMe 

I     IC0-CeH,-CUH  • 

Our  experiments  on  the  synthesis  of  brazilinic  acid  and  the 
lactones  of  dihydrobraailinic  and  dihydrohaematozylinie  acids,  necea- 
sitated  the  condensation  of  various  substances  with  m-liemipinie 
anhydride,  and,  as  this  substance  is  very  difficult  to  prepare  in 
quantity,  we,  in  all  cases,  first  worked  out  the  conditions  of  con- 
densation with  phthalic  anhydride  in  the  place  of  m-hemipinic 
anhydride. 

These  experiments  are  described  in  the  following  sections. 

2':  4'-Dimethoxybenzoylbenzoic  acid  was  prepared  under  the  fol- 
lowing conditions.  Phthalic  anhydride  (15  grams)  and  resorcinol 
dimethyl  ether  (20  grams)  were  mixed  with  carbon  disulphide  (100 
grams)  and  aluminium  chloride  (20  grams),  and  boiled  on  the  water- 
bath  for  four  hours,  when  a  dark  red  aluminium  compound 
separated.  After  this  had  been  carefully  decomposed  by  ice,  tbe 
whole  was  distilled  in  steam  to  ronove  tiie  carbon  disulphide  and 
unchanged  resorcinol  dimethyl  ether,  and  then  cooled,  when  the  oily 
product  soon  solidified,  and  the  solution  also  became  filled  with 
crystals  of  the  new  add. 

The  solid  was  collected  and  crystallised  from  dilute  acetic  acid : 

0-1274  gave  0  3129  GO^  and  0*0587  H^O.   C»67'0;  H»6'l. 
C16H14O5  requires  C=671;  H=4-9  per  cent. 

2'  :  AJ-DLmetlnjjyh fuzoi/lhenznic  acul  separates  from  dilute  acetic 
acid  in  colourless  prisms,  and  melU  at  164°.  When  heated  in  small 
quantities  with  fuming  hydriodic  acid,  it  yields  2'-hydroxy-4'- 
methoxybenzoylbenzoic  acid, 

MeOf^OH 

I  ^0O-0e«<-0O,H' 

the  methoxy-group  adjacent  to  the  carbonyl  group  suffering  hydro- 
lysis. The  acid  thus  obtained  gave  a  purple  coloration  when  ferric 
chloride  was  added  to  its  alcoholic  solutiou. 
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It  bad  already  been  prepared  by  Quenda  (Gazseita,  1890,  20, 
128}  from  pbtbalic  anbydride*  and  reiorcinol  dimethyl  etber  by 
beating  on  tbe  water-batb  witb  aluminium  cbloride  witbout  using 
a  diluent. 

2-//  ydro.ryA-melh  ojcyph  tnyJph  thai  i(/e, 
MeOj^^|OH 


^"2  • 


This  subftance  is  readily  obtained  by  tbe  reduction  of  2'-bydrozy- 
4'-methoxybeDzoylben«>io  acid  witb  aodinm  amalgam.  Tbe  acid  ia 
diaaolved  in  dilute  sodium  carbonate  and  treated,  in  a  porcelain 
beaker  fitted  witb  a  mecbanical  stirrer,  witb  an  excess  of  2*5  per 
cent,  sodium  amalgam  prepared  from  fresbly-distiUed  mercury. 

Aftnr  remaining  overnight,  tbe  solution  is  diluted,  and  sufficient 
dilute  bydrocUoric  acid  added  to  precipitate  tbe  impurities. 

Tbe  liquid  is  then  decanted  from  the  tarry  matter  and  acidified 
with  excess  of  hydrocbloric  acid,  when  the  lactone  separates  in. 
almost  colourless  crystals,  and  may  be  recrystallised  by  dissolving 
in  hot  ethyl  acetate  and  adding  a  few  drops  of  light  petroleum 
(b.  p.  35—50°): 

0-1513  gave  0  3886  CO.  and  0  0630  H.O.    C  =  70'l ;  H  =  4-6. 
Ci5H]204  requires  C^  70  3;  H=:4"7  per  cent. 

^Hydroxy-i^meihoxy'phenyl'phthalide  crystallises  in  colourless 
prisms,  and  melts  at  175°.  It  dissolves  in  concentrated  sulphuric 
acid  with  a  yellow  colour,  which  does  not  fade  even  after  several 
hours. 

2-Ph  thalideS-methoxyphenoxyaceiie  A  cid, 


\     This  interesting  substance  is  closely  related  to  the  lactones  of 
i  dihydrobrazilinic  and  dihydrohsemaioxylinic  acids,  and  is  obtained 
Rfrom  2-hydroxy-4-methoxyplienylphthalide  by  the  action  of  chloro- 
acetic  acid  and  potassium  hydroxide  under  the  following  conditions. 
^  Tbe  phthalidc  (2  grams)  is  mixed  with  chloroacetic  acid  (10 
^ams)  and  water  (10  cc),  heated  to  boiling,  and  then  potassium 
■  liydroxide  (40  per  cent.)  added  from  time  to  time,  so  that  the 
f  Jpolution  is  always  distinctly  alkaline.   A  vigorous  action  takes  place, 
and  fs  complete  in  about  a  quarter  of  an  hour.    The  product  is 
|liluted  with  water,  acidified,  and  the  colourless  precipitate  collected 
nnd  crystallised  from  acetic  ester  and  a  little  light  petroleum : 
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0  0771  gave  01840  CO^  and  0  0306  H^O.   C  =  65*1 ;  H = 4*4. 
CifHifOe  requires  C~65*0;  Hb4'4  per  cent. 

2'Phihalide-h'methoxyyht:uoxyaeetic  add  melts  at  188^^,  dissolves 
readily  in  sodium  carbonate,  and  the  solution  does  not  decolorise 
permanganate.  It  dissolves  in  concentrated  sulphuric  acid,  yielding 
a  yellow  solution  which,  on  standing,  rapidly  fades  and  soon 
becomes  almost  colourless,  and  in  this  it  closely  resembles  the 
behaviour  of  the  lactones  of  dihydrobrazilinic  and  dihydro- 
hflsmatozylinic  acids  under  the  same  conditions. 


ArPhthalQyl'^metkoxyfhenoxyaeetie  A  eid. 


COjH-CHo-o/'^iOMo 


In  preparing  this  substance,  S-methoxyphencnyacetic  ester  (50 
grams)  and  phthalic  anhydride  (40  grams)  are  mixed  with 
carbon  disulphide  (100  grams)  and  aluminium  chloride  (50 
grams),  and  boiled  on  the  water-bath  for  four  hours.  The 
red  aluminium  compound  is  decomposed  by  ice  and  dilute  hydro- 
'chloric  add,  and  the  carbon  disulphide  removed  by  distillation  in 
steam;  the  brown  oil  remaining  in  the  flask  is  dissolved  in  strong 
potash,  and  boiled  in  order  to  hydrolyse  any  ester  which  might  be 
present.    The  liot  liquid  is  acidillcd,  decanted  from  the  dark  oil, 
and  cooled,  when  a  yellow  oil  is  obtained,  which  is  boiled  witii  tliree 
litres  of  water,  and  tlie  clear  liquid  filtered  and  allowed  to  cool. 
The  nearly  colourless  oil  wlneh  is  deposited  is  dissolved  in  acetic 
acitl  and  carefully  precipitated  with  water,  when,  on  long  standing, 
colourless  crystals  sej^arate  in  small  quantity.    These  are  collected, 
drained  on  porous  porcelain,  and  recrystallised  from^^yiute  acetic 
acid :  ^^'^^^••ttii^ 

01061  gave  0  2386  CO.  and  0  0418  ILO.    C-GI  S;  n=4-4. 
CJ7H14O7  requires  C  =  61-8;  H  =  4-2  per  cent. 

^-riUhaloyl-Z-mtthoxyphenoxyacetic  acid  crystallises  in  small, 
colourless  prisms,  melts  at  144 — 146°,  and  dissolves  in  sulphuric  acid, 
yielding  an  intense  orange  solution  which  does  not  fade  on  standing.i 

The  above  condensation  product  of  methoxyphenoxyacetic  estei 
and  phthalic  anhydride  might  conceivably  have  had  the  con*] 
stitution : 


MeO.-"  \0-CH.,-CO,H 
I  J(X)'Ce"H^-CO,H 


■ 

and  have  yielded  2-phthalide-5-methozyphenoxyacetic  acid  (m.  p{  . 
188^,  p.  511)  on  reduction.   Since,  however,  the  product  actuallvf  * 
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obtained  by  reduction  with  sodium  anialg.iui  was  found  to  mflt  at 
loG*^,  there  can  be  little  doubt  that  the  phthaloyl  coujpound  has 
the  coustitutiou  assigned  to  it  at  the  head  of  this  section. 

:  4 :  b-trimethoxy'^-h ensoylbenzoie  A  eid, 

MeO/^OH     CO.h/  NoMe 
L    J  CO  JOMe  • 

A  satisfactory  yield  of  this  condensation  product  is  obtained 
under  the  following  conditions.  m-Hemipinic  anhydride  (3  grams) 
is  mixed  with  resorcinol  dimethyl  ether  (4  grams)  in  a  large  test- 
tube,  the  mixture  is  then  heated  to  150^,  and  aluminium  chloride 
(G  grams)  added  all  at  omoe.  A  vigorous  action  sets  in,  and  a  violet 
aluminium  compound  separates,  and,  after  remaining  until  cold, 
the  compound  is  decomposed  by  heating  with  water  on  the  water* 
bath. 

The  product  is  extracted  seveifal  times  with  ether,  the  ethereal 
solution  well  agitated  with  sodium  carbonate,  the  aqueous  layer 
is  then  separated,  boiled  until  free  from  ether,  cooled,  and 
acidified. 

After  collecting  at  the  pump,  the  chalky  yellow  precipitate  is 
purified  by  boiling  with  much  water,  filtering,  and  allowing  to  cool, 
and  the  pale  yellow  powder  is  then  dried  over  sulphuric  acid  in  an 
evacuated  desiccator: 

01180  gave  0  2641  CO^  and  0  0513  HgO.    C  =  61-0;  H  =  4-8. 
Cj7Hj,;0;  requires  C  —  6l'ij  H  =  4'8  per  cent. 

This  substance  could  not  be  obtained  in  a  definite  crystalline 
condition,  and  it  has  no  definite  melting  point.  It  yields  an  intense 
red  solution  with  sulphuric  acid,  and  tlie  shade  of  colour  is  ])re- 
cisely  the  same  as  that  produced  by  brazilinic  acid  under  the  same 
conditions;  in  both  the  colour  disappears  on  the  addition  of 

water. 

2'm'Meeanyl^'nuthojpyphenol, 

Me0/\0H  O-C0/\0Me 

This  substance  is  obtained  when  hydroxytrimethozybenzoyl- 
benzoic  acid  (see  the  last  section)  is  treated  with  excess  of  freshly- 
prepared  sodium  amalgam  for  twelve  hours,  care  being  taken,  by  the 
frequent  addition  of  small  quantities  of  dilute  hydrochloric  add, 
that  the  liquid  is  always  only  slightly  alkaline.  The  product  is 
acidified,  and  the  crystalline  precipitate  collected,  washed  well,  and 
erystallifled  firam  ethyl  acetate: 
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0*1352  gave  0*3186  COg  and  0*0622  H^O.   C»64-3;  H«6'l. 
CifMifi^  requires  Cs64'6;  H«5'0  per  cent. 

2'm'Meconyl-d-methojii/ phenol  melts  at  206 — 207^,  and  disaoWeB 
in  flulphuric  acid,  yielding  an  orange-red  solution,  the  colour  of 
which  doee  not  diminish  in  intensity  on  standing.  But  for  this 
latter  fact,  the  reaction  is  identical  with  that  shown  hy  the  lactone 
of  dihydrobrazilinic  acid  (Trans.,  1902,  81,  1039). 

Synihe$ii  of  the  Lactone  of  Dihydrohrazilinic  Acid, 

/0-CH,«CO,H 

CH     CO . 

OMe  UMe 

In  carrying  out  this  synthesis,  2-m-meoonyl-5-methozyphenoI  was 
mixed  with  a  little  water  and  an  excess  of  chloroacetic  acid,  and 
enough  concentrated  aqueous  potassium  hydroxide  was  added  to 
make  a  clear  solution. 

The  whole  was  then  boiled  for  half  an  hour,  small  quantities  of 
concentrated  aqueous  potassium  hydroxide  being  added  from  time 
to  time,  so  that  the  liquid  was  always  distinctly  alkaline.  When 
the  product  was  cooled  and  acidified,  a  chalky  powder  separated, 
which  was  collected,  washed  wcAl,  and  crystallised  several  times 
from  dflute  acetic  acid: 

0-1219  gave  0  2724  GO,  and  0  0640  ^O.   C»60-9 ;  H»4-9. 
CiaH^j^Og  requires  C«61'0;  H«4-8  per  cent. 

That  this  substance  is  identical  with  the  lactone  of  dihydro' 
brazilinic  acid,  which  is  produced  when  brazilinic  acid  is  reduced 
with  sodium  amalgam  (Trans.,  1902,  81,  1038),  is  proved  by  the 
abovo  analysis  and  tlie  following  properties  of  the  synthetical 
substance. 

It  melts  at  227°,  crystallises  in  minute  balls  of  needles,  and  dis- 
solves in  sulphuric  acid  with  a  deep  red  colour,  which  rapidly  fades 
and  becomes  pale  yellow.  Moreover,  a  mixture  of  equal  quantities 
of  the  synthetical  lactone  and  the  lactone  from  brazilinic  acid  melts 
at  the  same  temperature  as  the  components. 
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Synthetis  of  BrazUinic  Acid, 


\  CO,H  • 


o 

\  / 


MeU  UMe 


When  a  mixture  of  m^hemipinic  anhydride  (3  grama)  and  ethyl 
3-methozyphenozyac6tate  is  diluted  with  carbon  disulphide  and 
digested  on  the  waterbath  with  aluminium  ofaloride  (10  grams)  for 
half  an  hour,  a  red  aluminium  compound  is  produced.  The  carbon 
disulphide  is  decanted,  the  compoxmd  is  decomposed  by  water  (60  cc), 
and  concentrated  aqueous  potassium  hydroxide  added  until  solution 
is  complete.  After  wanning  on  the  water-bath  for  a  few  minutes, 
boiling  water  (500  cc.)  is  added,  the  alkaline  solution  acidified,  and 
allowed  to  remain  in  a  cool  place  for  some  days.  The  small  quantity 
of  precipitate  which  will  have  separated  is  collected  and  crystallised 
several  times  from  dilute  acetic  acid,  when  a  colourless,  crystalline 
•  substance  is  obtained,  which  mdta  at  208 — ^209^  and  consists  of 
hranUnic  add,  since  when  mixed  with  brasilinic  acid  obtained  by 
the  oxidation  of  trimetbylbrasilin  (Trans.,  1902,  81,  1030)  no 
alteration  in  melting  point  could  be  detected.  The  qni^thetical  acid 
abo  dissolved  in  sulphuric  acid  with  the  red  colour  so  characteristic 
of  bnudlinie  add. 

Synthesis  of  the  Lactone  of  Dihydrohaematoxylinic  Acid, 


This  interesting  synthesis  was  accomplished  under  the  following 
conditions.  m-Hemipinic  anhydride  (3  grams)  and  pyrogallol 
trimethyl  ether  (4  grams)  were  melted  together  and  allowed  to  cool 
until  the  temperature  was  150°.  AlumiDium  chloride  (8  grams) 
was  then  added,  when  a  vigorous  reaction  ensued^  and,  as  soon  as 
this  had  moderated,  the  deep  red  aluminium  compound  which  had 


MeO 


O-CH^-COjH 


CH 


CO 


MeOOfife 
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separated  was  decomposed  by  water  and  the  product  extracted 

several  times  with  ether. 

The  ethereal  solution  was  extracted  with  sodium  carbonate,  and 
the  alkaline  extract  left  in  contact  with  an  excess  of  freshly- 
prepared  sodium  amalgam  for  four  hours  and  then  acidified.  The 
brown  precipitate  wa^  collected,  dissolved  in  potash  solution,  and 
boiled  with  an  excess  of  chloroacetic  acid  for  ten  minutes,  care 
being  taken  that  the  liquid  always  remained  alkaline.  After 
acidifying,  the  gelatinous  precipitate  was  collected,  washed 
well,  and  crystallised  from  dilute  acetic  acid  with  the  aid  of 
animal  charcoal,  when  the  pure  substance  separated  as  a  voluminous 
mass  of  slender  needles.  Careful  comparison  showed  that  this  sub- 
stance was  the  lactone  of  dihydrohnematoxi/J inic  arid.  It  melted 
at  192°,  and  the  same  melting  point  was  observed  when  it  was 
mixed  with  a  specimen  of  the  lactone  which  had  been  prepared 
from  hnsmatoxylin  (Trans.,  1902,  81,  244).  Furthermore,  the  syn- 
thetical lactone  dissolved  in  sulphuric  acid  with  a  red  colour,  which 
became  salmon-pink  on  standing,  and,  on  warming,  the  colour 
changed  to  red,  then  to  violet,  and  finally  to  brown. 

This  reaction  is  characteristic  of  the  lactone  of  dihydrohsematoxy- 
linic  add. 

Oxidation  of  tf-Trimtihylhrazilone  to  2-CarbogBiif'^ib-dim€ihox^ 

phenylaeeUe  Acid, 

It  has  been  pointed  out  tliat  ^-trimethylbrazilone  ia  produced 
when  trimethylbrasilone  is  dissolved  in  concentrated  sulphurio  acid 
(Herzig,  Ber,,  1904,  37, 631),  and,  in  order  to  obtain  some  evidence 
of  its  constitution,  its  behaviour  on  oxidation  with  permanganate 
was  investigated.  Pure  ^-trimethylbrasilone  (as  obtained  after 
repeated  recrystallisation  from  ethyl  acetate)  was  dissolved  in  dilute 
sodium  carbonate,  mixed  with  much  powdered  ice,  and  then  a  1  per 
cent,  solution  of  permanganate  slowly  run  in,  the  whole  being 
vigorously  stirred  by  a  turbine.  The  colour  of  the  permanganate 
disappeared  instantly  at  firsts  and,  when  no  further  reduction  took 
place  and  the  pink  colour  remained,  the  excess  was  removed  by. 
adding  a  little  sodium  sulphite  and  the  whole  heated  to  boiling. 

The  filtrate  and  washings  of  the  manganese  precipitate  were 
evaporated  to  a  small  bulk,  acidified,  saturated  with  ammonium 
sulphate,  and  allowed  to  remain  for  two  days,  when  a  crystalline 
acid  separated  in  quantity.  This  waa  collected,  recrystallised  from 
water,  and  the  stout  needles  thus  obtained  iinalysed,  with  the 
following  result: 

01341  gave  0-2714  CO,,  and  0  0617  H.O.    C-55-2;  H=51. 
C^HjjO^  requires  C  =  56  0;  H  =  5'0  per  cent. 
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This  acid  melted  at  214 — 215^.  and  was  found  to  be  2  rarhn  ri/- 
i  :b-<iimethojcyph€nylaceUc  acid  (Trans.,  1902,  81,  1028;  1907,  91, 
1082). 

The  authoi.s  wish  to  state  that  much  of  the  very  heavy  exjienso 
entailed  in  carrying  out  these  ex])criments  has  been  met  by  repeated 
grants  from  the  Government  Grant  Committee  of  the  Royal  Society 
and  from  the  Chemical  Society. 

The  UNivsnsirr, 

Makcueotbb. 


XL VI  I. — The  Crystal  Form  of  Halogen  Derivatives  of 
Ofx'ii -chain  II}/drucarbons  with  Reference  to  the 
Barlotu-Fope  Theat^y  of  Structure, 

By  Fbans  Maurits  Jaeger,  Ph.D. 

The  residts  of  a  series  of  crystallographic  investigations  detailed  below 
furnish  a  striking  demonstration  of  the  power  which  the  Barlow-Pope 
theory  gives  us  of  foreseeing  those  geometrical  analogies  which,  accord- 
ing to  the  theory  (Tians.,  1906,  89,  1676;  1907,  91,  1150),  should 
exist  between  the  crystalline  forms  of  constitutionally>related  sub- 
stances.  A  direct  indication  is  thus  obtained  of  the  correctness  of 
Barlow  and  Pope's  fundamental  hypothesis  which  can  be  denied  only 
by  those  who  attribute  to  the  theory  too  wide  a  scope  or  who  make  for 
it  claims  which  do  not  result  from  its  premises.  The  theory  is  not  to  be 
regarded  as  affording  an  explanation  of  valency,  as  a  substitute  for  the 
theory  of  structure  of  organic  chemistry}  nor  as  furnishing  an  indica- 
tion of  the  occurrence  or  non-occurrence  of  miscibility  among  solid 
phases.  In  my  opinion,  its  value  lies  in  the  fact  that  it  enables  us,  by 
means  of  a  simple  hypothesis,  to  foresee  the  geometrical  forms  and 
parameters  of  crystalline  substances,  and  to  point  out  beforehand  the 
geometrical  relationships  existing  between  certain  substitution  deriva- 
tives of  homologous  series. 

If  applied  within  the  limits  just  defined,  the  theory  is,  I  think, 
capable  of  rendering  very  valuable  service  in  connexion  with  chemioo- 
crystallographic  investigation.  That  the  possibility  of  unlimited 
miscibility  in  the  solid  state  does  not  necessarily  follow  from  the 
geometrioU  relationships  resulting  from  the  application  of  the  theory, 
appears  from  the  established  fact  that  the  halogen  derivatives  of 
hydrocarbons  discussed  in  the  present  paper  exhibit  extremely  slight 
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or  DO  misdbility,  alihoiigli  their  crystalline  forma  are  very  closely 
related. 

Similarly,  the  new  theory  does  not  explain  the  difference  in  velocity 
of  growth  in  correBponding  direotioDS  eidiibited  by  all  these  suhetanees. 
The  single  fact,  however,  that  the  geometrical  analogies  which  the 
theory  indicates  as  existing  between  the  substances  dealt  with  have 
been  experimentally  discovered,  is  a  striking  proof  of  the  correctness 
of  the  principles  on  which  it  is  based. 

As  instances  of  the  occurrence  of  crystal lographic  analogy  between 
related  substances  which  differ  in  valency  vohune  by  an  even  number 
of  units,  Uarlow  and  Pope  have  quoted,  amongst  ctliers,  the  known 
similarity  in  crystalline  form  between  c.ileite  and  sodium  nitrate  and 
between  aragoniteand  potassium  nitrate  (Trans.,  1906,  89,  1732).  To 
these  instances,  I  would  add  the  following.  The  hexagonal  iodoform, 
cm.,,  with  a  :  c  =  1  :  M084  (Pope,  Trans.,  1899,  75,4i3),and  phosphorus 
tri  iodide,  with  a  :  c  =^  \  :  I'lOOO  (N"ordenskiold,  BViavg  K.  Svenshi  Vet.- 
Akad.  J/(t/uU.,  1874,  2,  2),  show  a  close  crystallographic  resemblance, 
as  Bruni  has  alrea«iy  reiuarked  ( Ahrens'  Vortrdge,  1901,  6,  44), and  arc 
related  through  liie  second  geometrical  property  stated  by  Barlow  and 
Pope  ;  T  have  found,  further,  that  tlie  t  wo  substances  are  miscible  to  a 
considerai)le  extent  one  with  the  other  in  the  solid  state.  The  same 
kind  of  morphotropic  relationship  indicated  by  the  theory  exists 
between  benzylideneaniiine  and  stilbene  and  between  dibenzyl  and 
benzylaniline  (Jaeger,  iVoe.  K.  Akad,  WeUnacfi.  Aimterdam,  1905,  8, 
466). 

A  further  case  of  the  same  kind  may  be  briefly  described.  From 
the  theory,  it  is  to  be  foreseen  that  analogy  of  form  should  exist 
between : 

Saocliarin.  rhtlialituiilc.  Aiithranilio  acid. 

Between  the  first  two,  in  wliich  the  groups  -SO.,*  and  'CO*,  both  (»f 
valency  volume  r>,  are  intercliatiged,  the  relationship  should  be  very 
distinct,  whilst  antliranilic  acid  should  be  less  closely  related  to  tliem  ; 
the  latter  substance  should,  indeed,  be  related  to  the  former  niucli  as 
o-sulphobenzoic  acid  is  related  to  its  two  chlorides  (Barlow  and  Pope, 
Trans.,  1906,  89,  1734). 

After  many  fruitless  attempts,  I  succeeded  in  obtaining  phtbalimide 
in  very  lustrous,  colourless  needles  belonging  to  the  monosymmetric 
prismatic  system  {Z^Uadu  Krytt,  Min,,  1907,  44,  61).  The  axial 
ratios  are: 

a:6:o-l  i913: 1 :  0  4967,  i8-91''ld'40 
and  there  is  a  very  perfect  cleavage  on  {100}. 
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The  corresponding  values  for  saccharin  are  : 

a :  6 : 6  - 1  -3565  : 1 : 0'4298,    -  94°d\ 

and  there  is  also  a  perfecst  oleavage  on  {100}.  These  two  snbstanceB  thus 
exhibit  a  remarkablj  eloee  morphotropic  relationship. 

Anfchranflic  add  crystallises  in  the  orthorhombic  bipyramidal 
system  with  a: 6 :e» 0*5959: 1 :  1*2901  (Haushofer,  Z^iUch,  Eryai, 
Mm.,  1879»  1, 505),  and  my  own  measaremente  confirm  these  axial 
ratios.  For  the  calcolation  of  the  equivalence  parameters,  3e/2  is 
taken,  just  as  was  done  in  the  case  of  saccharin  by  Bsrlow  and  Pope. 
The  table  of  equivalence  parameters  of  substances  related  to  saccharin 
given  by  these  authors  {loe,  cU*,  p.  1734)  can  now  be  completed  by  the 
following  additions : 


:  •// 

Saccharin    2-5183  :  3-6857 

Phthalimide   2  4^23  :  3  3022 


4-7521 
4-9197 


AnthnniUc  add    S-261S  :  87946  :  4*8952 

A  complcto  verification  of  the  facts  foreseen  by  the  aid  of  the  new 
theory  is  thus  obtained  by  the  experimental  study  of  this  series  of 
substances. 

The  cry.Mtillographic  results  detailed  below,  obtained  by  the 
examination  of  a  number  of  haloijen  lU  iivatives  of  aliphatic  hydro- 
carbons, speak  even  more  strnnLrly  than  the  above  in  favour  of  the 
theory.  In  accordance  with  Barlow  and  Pope's  metliod  of  formulation, 
the  assemblage  representing  methane  should,  by  operations  carried  out 
with  the  aid  of  the  first  and  second  geometric  al  properties,  be  con- 
vertible into  the  assemblage  representing  any  halogen  derivative  of 
any  open-chain  hydrocarbon.  These  operations,  further,  should  be 
comparatively  simple  ones,  so  that,  without  discussing  the  precise  form 
of  the  assemblage  in  each  individual  case,  it  would  be  antieipitod 
that  close  morphotropic  relationships  should  exist  between  the  sub' 
stances  in  question. 

Prof,  van  Romburgh  has  been  kind  enough  to  supply  me  with  the 
three  bromine  additive  products  of  the  triply  unsaturated  l:3:5-heza- 
iriene,  CH2:CH-CH:CH-CH:CH2  ;  of  these,  I  have  measured  the 
crystals  of  the  di-  and  tetrar-bromide,  but  have  not  yet  suoceeded  in 
obtaining  the  hezabromide  in  measurable  form.  I  have  also  measured 
crystids  of  tetraiodoethylene,  C2I4,  and  the  symmetrical  tetrabromo- 
jS/S-dimethylpropane,  G(GH26r)4.  All  these  substances,  as  the  theory 
indicates,  exhibit  very  close  morphotropic  relationships,  although  con- 
siderable differences  in  external  habit  are  to  be  noted. 

In  accordance  with  the  symmetrical  character  of  the  methane 
molecule,  the  assemblage  representing  this  hydrocarbon  must  possess 
cubic  marshalling;  consequently,  it  is  found  that  carbon  tetiaiodide 
crystallises  in  the  cubic  system.  The  cubic  marshalling  of  the  cubic 
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assembUige  ahonld  be  retained  if  sndi  a  sulMrfitiitioii  is  perfonned  on  it 
as  converts  it  into  the  Msemblage  repveaenting  /S^imethylpropane ; 
it  is  therefore  to  be  expected  that  tetrabromo-^S/^-dimethylpropene 
would  crystalUae  in  a  enbic  or  a  peeudo-cnbus  form,  in  addition  to 
presenting  morpbotropic  relationships  to  other  fatty  halogen  deriva- 
tives which  wonld  themselves  not  be  expeeted  to  exhibit  cainc 
marshalling. 

Tctrabromo-^^-dimethylpropane,  melting  at  163^,  cryptallisos  from 
light  j)ptroloum  in  small,  colourlcBs  needles  possos^ing  a  penetrating, 
unpleasant  odour.  The  cryf^tals  do  not  yield  very  good  measnrcmoTit?, 
and  are  frequently  twinned  on  {100},  just  as  the  crystals  of  tetr.aio  lo- 
ethylene  arc  often  twinned  on  {001).  The  form  {100}  is  predominant 
and  very  lustrous,  c{001j  and  r{102}  are  about  equally  developed  and 
give  good  reflections,  whilst  ^{01 2}  is  small. 

Crystal  system:  mono^ymmetnV  prismatic  : 

a  t  b  :  c- 2-2766  : 1 : 3  6486,  fi^6r7W : 

AngU.      Meuored.  (k  lo.  Angle.  'Meamred.  Calc 

a  :c  =  100  :  001  =  Cu'  7'30"  —  a  :r  »  100  :  i02  =  65W   66°  8'0" 

c  :  7  =  001  :  012  =  50  15  0      —  a  :  g  s  100  :  012  =  78  U    78  830 

€  :  r  =  001  :  102  =  46  44  30  — 

The  extinction  in  the  orthodiagonal  sone  is  normally  orientated,  bat 
the  optic  axial  plane  could  not  be  determined.  The  density  of  the 
crystals  was  determined  as  2*596  at  15°;  the  molecular  volume  is  thus 
149*39  and  the  topic  parameters : 

X :  ^ : »-  6-1297 :  2*6925 :  9*8239. 
If  in  the  above  description  the  observed  forms  are  so  altered  in 
indioss  that  {100},  {001},  {l02}.and  {012}  become  {ICQ},  {102},  {I02}, 
and  {112}  respectively,  the  axial  ratios  become: 

a  :  6  :  c  =  1-0484  : 1  :  0  9472,  )9=  90°44W, 

and  at  the  same  time  the  disfribntion  of  forms  becomes  somewhat 
more  symmetrical.  From  this  mode  of  regarding  the  crystal  form,  it 
is  distinctly  seen  to  bo  pseudo-cubic,  as  was  anticipated  from  the  mode 
ill  \\  }ii(  h  the  corresponding  assemblage  must  be  derived  from  that  of 

met  h.tne. 

On  crystallising  the  substance  from  benzene,  beautiful  crystals  of 
glassy  lustre  separate,  which  have  the  composition  C(CH2Br)^,CgH^, ; 
these  belong  to  the  anorthic  pinaooid»il  system,  but  could  not  be 
completely  measured^  owing  to  the  rapidity  with  which  efflorescence 
occurs.  It  was,  however,  established  that  the  zone  parallel  to  the 
longer  direction  of  the  crystals  contains  almost  the  same  angles  as  the 
plane  of  symmetry  7one  in  the  crystals  of  the  pure  substance.  This 
suggests  that  the  bensene  becomes  introduced  into  the  molecular 
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stracttire  as  a  layer  lying  parallel  to  the  form  {010}  in  the  mono- 
symmetric  crystals  (compare  Barlow  and  Pope,  Trans.,  1906,  89, 
1685);  it  is  noteworthy  that  the  two  constituents  of  the  anorthic 
crystals  have  approximately  the  same  valency  volume,  namely,  32 
and  30. 

Fedoroff  has  shown  (J.  pr.  Cliem.,  1890,  [ii],  42,  145)  that  the 
pymuatiical  tetrabromobutane,  CHg'Ciir^-CUh-.'CH^,  melting  at  230^, 
crystallises  in  a  stable  tetragonal  form,  with  ff  :  c  =  1  :  1 -28,  and  a 
labile  orthorhombic  form  ;  the  axial  ratios  of  the  latter  are  a  :  6  :c  = 
1*8671  : 1  :3  478  if  the  forms  observed  by  Fedoroff  are  taken  as  {110} 
and  {012).  The  labile  form  is  stable  at  -10°,  and  its  morphotropic 
relationship  to  tetrabromo-^/^-dimethylpropane  is  at  once  obvious. 

1:3:  b  llescairiene  Dibrmiide. 

This  substance  was  first,  but  orroneouBly,  described  by  Qriner  (Ann, 
Chim.  Phys.,  1892,  [vi],  26,  381)  as  anoHhic.  The  compound  pre- 
pared bj  van  Romburgh  and  van  Dorssen  (Proe,  K,  Ahad.  WeUnseh, 
AwktUrdam,  1906,  9,  111)  by  two  different  methods  gave  identical 
results;  it  melts  at  86'5— 87°,  and  apparently  has  the  eonstitation 
OH,:QH*CHfo*OHBr*OH:0^  The  crystals  deposited  Izom  a 
mixture  of  ether  and  light  petrolenm  consist  of  large,  slightly 
jreUoir  prisms  or  thin  needles;  they  are  very  lustrous,  but  soon 
become  blackened  as  the  result  6S  polymerisation  on  exposure  to  light. 
The  erystals  possess  a  penetrating,  but  not  unpleasant,  lemon-like 
odour;  they  often  yield  anomalous  angular  measurements,  but  some 
are  geometrically  quite  simple.  The  forms  c{001}  and  a{100}  are 
about  equally  developed,  and,  in  general,  the  crystals  are  flattened  on 
{001};  o{lll}  is  large  and  lustrous,  «{101}  is  small,  and  r{T01}  is 
larger  and  gives  better  reflexions.  The  crystal  habit  is  elongated  in 
the  direction  of  the  axis  b,  and  the  orthodiagonal  xone  frequently 
exhibits  yicinal  faces  of  which  the  indices  could  not  be  determined. 
-No  definite  deayage  was  observed. 

Crystal  system :  mono.symmetric  prismatic  : 

a:6:e»2d021 : 1 :  33330,  ^»64W30": 


Angle.  Hflssnred.  Oolc 

a  :  cslOO  :  001  =  64''10';]0"  — 

tf:r=100  :  101  =  61  28  30  — 

o  :  c«lll  :  001=64  54  80  — 

«:  D=100  :  111=63  27  0  68'22' 0" 

e  :  #s 001 : 101=34  34  30  84  8980 


Angle.     Measured.  Calc. 

a  :  «  =  100  :  101=34"  6'  0"  33"61'  O'' 

0  :  r=:  111  :  101-94  48  0  94  2830 

0  :  oslll  :  Ill=62  18  0  62  18  0 

c  :ra!001  :  101  =  63  56  30  63  51  0 

«:  oslOl  :  111=58  50  30  58  53  30 


Very  strong  conical  refraction  is  observed  through  {100}  and  {001} ; 
the  optic  axial  plane  is  (010),  and  one  optic  axis  emerges  almost 
perpendicularly  through  (00 1 ).  The  crystals  show  yery  strong  inclined 
dispersion  with  p<v ;  the  double  refraction  is  positive  in  sign.  The 
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dinsity  of  theeryatals  is  approzimatelj  2*181  at  18^,  but  the  potasaiam 
menmric  iodide  eolation  need  appears  elightly  to  attack  the 
materiaL  The  molecalar  volume  is  thiu  112*7,  and  the  topic  para- 
netenare : 

X :  ^ 6*8040 :  2*3446 :  7*8148. 

For  comparison  with  tlio  latter  values,  the<lata  for/>-dibromoben7,ene 
may  be  quoted  ;  Boeris  describes  this  substance  as  moncsymmotric 
wiih  a:6:c-2-6660:l  :2-8358,  /3  =  67°22'  (Atli  It.  Accad.  Lincei, 
1899,  8,  ii,  184).  The  density  is  2*220,  so  that  the  molecular  volume 
is  106*3  and  the  topic  parameters  : 

X :  ^ :      6-6090 :  2*4790  : 7  0299. 

1:3:  b-Hexatriene  Tetrabromide. 

This  snhstance  was  prepared  by  van  Romburgh  and  van  Boritsen 
{toe,  sti)  by  the  action  of  bromine  on  the  hydrocArbon  in  chlorofomp 
Bolntion  under  the  inflaence  of  snnlight;  it  melts  at  114 — 115^, 
and  probably  possesses  the  constitution 

OH,BrOHBrOHBrOHBr*GH:CH;. 
Ihe  orystak  deposited  from  a  mixture  of  ethyl  acetate  and  methyl 
alcohol  oonsiftt  of  small,  colourless  needles.  The  forms  mplOj  and 
a{100}  are  about  equally  developed,  c{001}  is  small,  but  easily 
measurable,  and  r{T02}  is  very  small  and  often  absent.  The  crystals 
are  striated  in  the  direction  of  the  o-azin,  and  are  frequently  flattened 
upon  two  parallel  faces  of  m(llO}.  The  ratio  hie  could  be  only 
approximately  determined.   No  distinct  cleavage  was  observed. 

Crystal  system  :  monosymmetrio  prismatic : 

«:6:c-31917:l:  3-635,  ^3  =  69°1'  : 

Angle.     Measured.  Oslc  Angle.  Measurod.  Calc. 

C  :»n  =  001  :  110  =  8:r27'30"  —  a  :  e  =100  :  001  =  6S  -,0'  6<^^  1' 

«;to=:100  :  100  =  71  27  0  —  «i  :  tn  =  110  :  110  =  :i7   4  37  4 

0  :  r  sOOl  :  I02s8S  44  0  —  a  :  r  =100  :  lOS  s  77  14  77  IS 

The  extinction  upon  {100}  is  strHi;,'h<^,  and  npin  {11"}  inclined  at 
about  52^*^  to  the  direcrion  of  thec-axis.  The  optic  axial  plane  is  (010), 
and  the  dispersion  is  inclined.  0«ie  optic  axis  is  visible  through  {100} 
at  the  edge  of  the  microscope  field.  The  density  of  the  crystals  is 
2*362  at  15°;  the  molecalar  volume  is  thus  169'35,  and  the  topic  para- 
meters : 

X  :  i/^ :  to  =  7-9807  :  2  5005  : 9  0892. 

The  crystals  show  in  their  axial  ratios  a  close  morphotropio  relation* 
ship  with  the  c<nT8Sponding  dibromide,  and  the  topic  parameters 
indicate  that  the  molecular  distances  change  considerably  in  the 
directions  a  and  s,  and  but  slightly  in  the  direction  of  the  ^zis. 
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If,  in  the  above  description,  the  indices  of  the  forms  jlOO},  {001  [, 
{T02},  and  {110|  are  changed  to  the  more  symmetrical  forma  {100}, 
{IOi}i  {101},  and  {110}  respectively,  the  axial  ratios  beoome: 

a:6:e-3*0445  :1 :0'9668,  j9-86<»16W. 

The  morphotropic  relation  of  the  substance  to  normal  hezane  is  seen  if, 
in  Negri's  description  of  the  orthorhombic  tetrabromohexaoo, 

CHjBr-CHBr-CII./CH,,-CHBr-0H2Br, 
in  which  aibie  »  0*36408:1  : 0  37882  {Bar.,  1889,  22,  2498),  an 
interchange  of  axes  is  made  which  throws  thoni  into  the  form  of 
bicnk   The  ax  al  ratios  are  then  obtained  in  the  form : 

a:6:e-2*6398:l  :0'9611,  i3»90° 

yalnes  which  are  very  similar  to  the  transposed  form  of  those  for  the 
hezatriene  totrabromide. 

♦ 

This  substance,  irielting  at  188°,  crystallises  from  a  mixture  of 
benzene,  li^'ht  petroleum,  and  a  little  alcohol  in  pale  yellow,  flat, 
lustrous  needles.  Most,  altlunigh  nf)t  all,  of  the  crystals  are  twinned 
on  c{u01},  and  this  plane  is  also  a  direction  of  perfect  cleavage.  The 
form  c{001}  is  the  largest,  and  gives  perfect  reflexions;  r{101}  and 
r'{2  11}  are  small  and  a»iout  ecjually  developed,  and  al>o  give  good 
reflexions.  The  form  o{  1 1 1 1  is  large  and  lustrous,  and  occasionally 
indications  of  the  form  {225}  are  observed.  The  crystals  are  elongated 
in  the  direction  of  the  6-axis,  and  are  flattened  upon  {001}.  The  etch- 
figures  produced  by  a-monobromonaphthalene  are  in  aooordanoe  with 
the  symmetry  adopted. 

Crystal  system  :  monosymmetric  prismatic  : 

a : 6 :  e- 2-9442  : 1 : 2-4387,  ^8- 70''44'30" : 


Angle.     Measured.  Calc. 

«  :  c  slOO  :  001b70*44'80"  — 

c  :  0  =001  :  Til  =79  50  30  — 

c  ;  ^  =  001  :  201=84  3  30  — 

0  :  o  sill :  lll»42  27  0  iS^^SO" 


Angle,     Measured.  Calc. 

6  :  r  =001  :  TOl  =60°52'30"  80'62W 

r  :  r'  =  10l  :  -201  ='23  11   0  23  11  0 

o  :  r  =111  :  101        46  30  68  45  30 

0ia=iiT I  m^ieu  0  76  4  0 


The  extinction  in  the  orthodiagonal  zone  is  normally  orientated, 
but  the  optic  aadal  plane  oonld  not  be  determined.  The  density  of  the 
erystals  is  2*983  at  20^ ;  the  molecular  volume  is  thus  169*66,  and  the 
topic  parameters  are  x :  ^ 7*6803 :  2*6087  :  8*9701. 

In  the  case  of  this  substance,  also^  a  close  morphotropic  relatioiiship 
ia  observable  with  the  preceding  halogen  derivatives. 
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As  a  result  of  the  forcgoinrj  investigation,  it  is  to  bo  roncluded  that 
the  analogies  ot  crystalUno  form  amongst  the  substances  concerned, 
wliich  are  indioated  by  the  theory  of  Barlow  and  Pope,  have  actually 
beea  observed. 

Zaakdaii^ 


XLVIII. — The  Residual  A jffinity  of  the  Coumarins  and 
Thiocaumarins  as  shown  by  their  Additive  Compounds, 

By  AuTiiuu  Clayton,  B.Sc. 

ObmiABiN,  the  lactone  of  o-coumaric  add,  posMMeB  in  a  marked 
degree  the  property  of  yielding  additive  eomponnda  with  reagents 
of  very  diverse  types,  and  in  this  respect  is  distingnished  from  the 
lactones  in  geneni,  which  do  not  as  a  dass  exhibit  this  feature  to  any 
great  extent.  ^ 

The  earliest  known  additive  compoond  of  conmarin  was  the  di- 
bromide  discovered  by  Sir  W.  H.  Perkin  {Annahn,  1871,  167»  116), 
and  afterwards  again  examined  by  Ebert  {Aniudm,  1884^  226,  848). 
The  results  obtained  by  these  investigators  render  it  certain  that  the 
bromine  is  attached,  not  to  the  carbon  atoms  united  by  unsatnrated 
linking,  but  either  to  the  oxidic  or  the  ketonic  oxygen.  This  is 
shown  by  the  ease  with  which  the  halogen  is  entirely  eliminated.  If 
the  ordhuffy  lactonic  eonltitution  tm  eoumarin  be  accepted,  this 
dibromide  might  be  represented  by  formula  I,  whilst  the  alternative 
configuration  suggested  by  Morgan  and  Micklethwait  (Trans.,  1906, 
87,  868)  would  lead  to  formula  II : 


L  II. 


Conmarin  combines  additivdy  with  the  metallic  oxides  and  hydr- 
oxides, as  was  shown  long  ago  by  R.  Williamson  (Jakmhm',,  1875, 
587),  these  compounds  generally  conforming  to  the  types  OgH0Oy2BOli 
and  CgR^02tR2^*  where  B  is  an  alkali  metal.  The  next  observation 
of  the  combining  proclivities  of  eoumarin  is  due  to  Ebert,  who  found 
(200.  cie.)  that  the  lactone  dissolved  easily  in  concentrated  hydro- 
bromic  add,  the  solution  furnishing  a  hydrobromide,  which,  however, 
was  so  unstable  that  it  could  only  be  preserved  at  low  temperatures, 
and  was  therefore  not  analysed. 

By  employing  concentrated  hydrochloric  acid  as  the  solvent  and 
then  adding  a  strong  solution  of  chloroplatiuic  acid,  Morgan  and 
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Micklethwait  (ibid.^  p.  863)  obtained  a  crystalline  platinichloride, 
4CgUgUj,ii2ptUig,4JLljO,  to  which  they  gavu  lLc  graphic  formula 


where  OJEfi  is  the  ooumarin  reddue^  ezdading  the  oxygen  atom, 
which  becomes  quadrivalent  in  the  foraation  of  the  doable  salt. 
These  authors  {he*  eiL)  also  obtained  a  oobalticyanide  of  a  more 
normal  type,  which  has  a  composition  corresponding  with  the  formula 
3CgH,0„H,Co(CN)„3H20. 

In  the  experiments  described  in  this  paper,  the  investigation  has 
been  extended  to  the  homologoes  and  the  sulphur  analogues  of 
ooumarin,  and  in  most  cases  it  has  been  found  possible  to  demonstrate 
the  existence  of  additive  compounds,  either  of  the  oxonium  types 
or  produced  by  the  union  of  the  lactone  itself  with  a  metalUo  salt. 


Coumarin  M0r€uri4Ahridt.^^)oumAnn  and  mercuric  chloride  in 
eqoimolecular  proportion  were  dissolved  in  the  smallest  possible 
quanti^  of  ether  and  mixed  together.  On  leaving  the  mixture  for 
one  or  two  days^  the  mereurichloride  separated  in  long,  colourless 
needles  which  melted  at  164^165^ : 

0-8590  gave  0*5782  AgCa.  01-16*65. 
0  6381    „    0-3712  HgS.  Hg»46*84. 

CgHgOjCl^Hg  requires  01  =  17  03  ;  Hg  =  47-96  per  cent. 

Recrystallisation  was  not  found  to  be  advisable,  as  the  affinity 
botweon  tho  generators  is  so  slight  that  dissociation  readily  occurs. 
As  an  instance  of  the  feebleness  of  tho  union,  it  was  found  that 
aniline  mereurichloride  slowly  separated  on  mixing  ethereal  solutions 
of  aniline  and  ooumarin  mereurichloride. 

Thioooumarin,  prepared  by  Tiemaun's  method  (^er.,  1886,  19,  1661), 
is  generally  obtained  in  dark  brown  needles,  rather  difficult  to  purify 
by  recryBtallisation.  The  substance  can,  however,  readily  be  purified 
by  boiling  its  bsnsene  solution  for  several  hours  with  copper  powder 
-and  subsequently  crystallising  from  alcohol,  when  it  possesses  a 
brilliant,  gulden-yellow  colour.  This  method  of  purification  increases 
the  yield  of  pure  thioooumarin  from  50  to  80  per  cent,  (compare 
Tiemann,  loc,  mL), 

Tkkwimmrin  m«rcutiehl4>nde  was  prepared  by  mixing  an  equimole- 
eular  pfoportion  of  thioooumarin  and  mercuric  chloride  in  ethereal 


HOrCgH^O.li.O 

:ci-6:o^o,H,o 


ii:ci-o:Cc,H,,o,H.p* 


Coumarin  and  Thiocoimarin, 
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lolutioii,  A  yellow  powder  immediately  eeparated,  and  the  liquid 
beeame  quite  ooloarless.  The  meronriohloride  is  very  inaolable  in 
ordinary  solvents,  boiling  nitrobeniene  being  the  only  liquid  which 
appeara  to  exert  any  solvent  action.  The  substance  is  decomposed 
when  suspended  in  water  and  treated  with  hydrogen  sulphide,  thio- 
ooumarin  being  liberated.  On  analysis,  the  mercurichtoride  gave 
numbers  approximating  to  those  required  by  the  formula 

C,H,OS,HgCI,. 

I'dieihybownarin  and  7'MeihyUhioeownann,* 

T-Methylcouniarin  Mercw'ichloride. — The  combination  of  the  genera- 
tors of  this  substance  resulted  from  their  admixture  in  ethereal 
i^olution.  As  in  the  case  of  coumarin  mercurichloride  some  time 
elapses  before  crystallisation  sets  in,  attempts  at  rapid  crystallisa- 
tion always  resulting  in  the  separation  of  ati  impure  product. 
When  once  the  compouiul  has  been  prepared,  however,  crystallisation 
may  be  effected  much  more  rapidly.  It  forms  long,  colourless  needles 
solnblo  in  ether,  benzene,  chloroform,  and  to  some  extent  in  water,  and 
from  each  of  these  solvents  the  substance  may  be  recovered  unchangedi 
but,  being  even  more  unstable  than  coumarin  mercuriohloridey 
recrystallisation  was  not  found  useful  as  a  means  of  purification.  The 
erystals  first  formed  melted  very  definitely  at  170° : 

0*4099  gave  0*2575  AgOl.   01  - 15*54. 

0,^HgO,01,Hg  requires  d- 16*47  per  cent. 

7'M^lfli!0uma9in  Cobalticyanide. — One  gram  of  7-methyicoumarin 
was  dissolved  in  concentrated  hydrochloric  add;  the  solution  was 
cooled  as  rapidly  as  possible  to  prevent  crystallisation,  and  then  added 
to  an  excess  of  cobaltieyanic  acid  prepared  according  to  von  Baeyer 
and  Yilliger's  directions  {B0t.,  1 90 1 ,  34,  2687).  The  compound  separ^ 
ated  as  a  white,  crystalline  powder,  and  alter  several  days  the  mother 
liquor  yielded  colourless  cubes  of  the  same  substance.  After  filtration, 
the  powder  was  wiisht  d  with  dilute  hydrochloric  acid,  and  dried  at  the 
ordinary  temperature  as  water  of  crystallisation  was  evolved  at  100°: 

0-6456  gave  0  1058  ll^O.    U.p  =  16-39. 
0-8030         0  1118  Co.    Co  =  13-92. 
C^oHgOj,H,Co(CN)fl,4H20  requires  H20  =  16  00  i  Co  -  1311  per  cent. 
I'MtthifleomMinn  pkuinichhride  was  not  prepared  in  the  pure  state, 
*  In  this  paper  the  notation  is  in  aecordaiice  with  th«  nnmbeiing  iadioited  in 
s  6 

the  formula  |  I  ' 
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bub  on  mixing  concentrated  solutions  of  7-methylcoumarin  and  chloro- 
platinic  acid  in  concentrated  hydrochloric  acid,  yellow  crystals  con- 
taining platinum  8eparated.  These  were  instantly  decomposed  by 
moisture. 

I-Methyltkiocowiiarin. — The  preparation  of  this  compound  was 
effected  by  heating  an  intimate  mixture  of  equal  weights  of  7-methyl- 
coumariu  and  phosphorus  pentasulphide  to  120^  in  a  paraffin-bath 
until  the  mixture  had  been  molten  for  seven  minutes.  The  powdered 
mass,  after  extraction  with  benzene  and  subsequent  crystallisation 
from  alcohol,  was  treated  with  copper  powder,  and  then  appeared  as 
glistening,  golden-yellow  leaflets  melting  at  125 — 126°: 

0-1664  gave  0  2243  BaSO,.    S-  18-51. 

Ci^HgOS  requires  S=«  18*18  per  cent. 

On  shaking  a  solution  of  the  thiooonmarin  in  benzene  with  yellow 
mereuric  oxide,  7-methylcouiDarin  was  regenerated,  thus  proying  the 
constitution  of  the  substance. 

l'M§ikyleownarinoxime. — This  substance  was  obtained  by  heating 
equal  molecules  of  sodium  hydroxide,  7-methylthioooainartn,  and 
bydroxylamine  hydrochloride  in  alcoholic  solution  for  two  days.  The 
product,  when  poured  ioto  water,  yielded  an  emulsion  which  soon 
furnished  the  solid  oziine.  This  was  collected  and  crystallised  from 
boiling  water,  from  which  it  separated  in  white  needles  melting  at 
178^: 

0*2664  gave  17*85  c.c.  nitrogen  at  20**  and  773  mm.  7*77. 

Cj^HyOoN  requires  N  —  8*00  per  cent. 

The  substance  is  less  soluble  in  water  than  coumarinozime. 

T-Meihylcoumarinphenylhydrcizone. — An  alcoholic  solution  equal 
molecules  of  7-methylthiocoumarin  and  phenylhydraztne  was  boiled 
until  no  more  hydrogen  sulphide  was  evolved,  the  operation  requiring 
about  four  days.  On  cooling  the  solution,  yellowish-brown  needles 
were  obtained,  which,  after  three  crystallisations  from  alcohol,  melted 
at  139° : 

0-2635  gave  25  8  c.c.  nitrogen  at  20°  and  773  mm.    N«  11'36, 
OjgHj^ONj  requires  N  =  11*20  per  cent. 

I'Mtik^^eomnarin  mereuriofdoridB^  prepared  in  the  same  way  as 
ooumarin  mercurichloride,  was  obtained  as  a  yellow  powder  ▼ery 

similar  to  the  latter  substance  : 

0-5207  gave  0*3439  AgCl.    01 «  16*34. 

O^oHaOSOl^Hg  requires  CI  - 15-88  per  cent. 
The  eompoand  decomposes  without  melting,  and  regenerates 
7-methylthioooumarin  when  treated  with  hydrogen  sulphide. 
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4 : 7-lHm$thykoumarm  and  4 : 7-/>»m«<Ay{(Atbooumann. 

i  :7- Dini^Uiylcoumarin  Mercurichloride. — Tho  combination  of  mer- 
curic chloride  and  \  :  7-diinythylcouinarin  was  effected  by  a  method 
similar  to  that  used  for  tiie  preparation  of  7-methylcoumarin 
mcrcurichloride.  The  substance,  which  was  produced  more  readily  and 
more  plentifully  than  the  latter  compound,  forms  beautiful,  white 
needles,  crystals  two  inches  and  more  in  length  being  easily  obtained. 
Its  behaviour  towards  solvents  is  very  similar  to  that  of  7-methyl- 
coomarin  mMcnrichloride,  and  although  mOT6  stable  than  this  com- 
pound it  appears  in  its  purest  form  before  crystallisation,  when  it 
melts  very  definitely  at  175°.  Two  or  three  erystaUisations  did  not 
notioeably  change  Uie  melting  point : 

.  0*7226  gave  0-4414  AgCl.   OU 15-12. 
0-48S6   „   0*2456  HgS.  Hg«43*6I. 

Cj^H^^ij/  1  JJg  requires  01-16-95  ;  Hg«44'94  per  cent. 

4l  •.I'Diinethylcoumariu  cohalticyanid^  wj\s  obtained  by  adding  a 
solution  of  4  :  7-dimethylcoumarin  in  concentrated  hydrochloric  acid 
to  :in  excess  of  cobalticyanic  acid  in  tlie  same  solvent.  The  white, 
microcrystalline  product  was  much  more  easily  and  plentitully  obtained 
than  the  corresponding  compound  of  7-methylcoumarin.  As  it  could 
not  be  recrystallised  witliout  decomposition,  the  substance  was  washed 
with  dilute  iiydrochlonc  acid  ;ind  dried.  It  was  found  to  lose  weight 
at  100^  and  in  onlor  to  prove  that  this  lo<s  was  duo  to  the  elimination 
of  water  and  not  to  the  evolution  of  gases  containing  nitrogen,  the 
cobalt  was  estimated  in  the  substance  before  heating  and  the  nitrogen 
after  three  hours'  heating  in  a  steam-oven : 

0-8784  gave  0*0908  H,0.   H,0  - 15*72. 
0-6331    „  0*0815  Oa   Oo- 12-87. 
0|iHioO,,H,Oo(OK)^4H,0  requires  H,0- 15*52 ;  Co -12-72  per  cent. 

0*2103  of  the  anhydrous  substance  gave  40  U  c.c.  nitrogen  at  21^ 
and  757  mm.  N  =  21*64. 

CnH,^)0„HjCo(0]S)^  requires  N  =  21-43  per  cent. 

4  :  7-I)imethylcounuurm  pUuimehloride  was  not  obtained  in  the  pure 
state,  but  yellow  crystals  were  formed  which  melted  indefinitely 
between  160^  and  170°,  and  on  analysis  were  foond  to  contain  22*5 
per  cent,  of  platinum.  The  oxontum  salt  was  immediately  decom- 
posed by  water,  and  even  by  concentrated  hydrochloric  acid,  with  the 
liberatimi  of  4 : 7-dimethylcoumarini  but  was  recrystallised  from  a 
concentrated  solution  of  platinic  chloride  in  the  latter  solvent.  Since 
it  was  not  loand  possible  to  wash  the  crystals  without  decomposing 
them,  data  for  the  establishment  of  a  formula  could  not  be  obtained. 
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4  : 1  -  JJiniethylthiocouiiiarin  resulted  when  \  :  7-dimethylthiocoumariQ 
was  subjected  to  tlie  same  troiitineut  as  that  employed  for  the  con- 
version of  7-mothylcoumarin  into  its  sulphur  analogue  ;  it  crystallised 
from  alcohol  iii  dark  needles  which,  after  eleven  crystallisations,  were 
obtained  with  a  greenish-yellow  colour,  which  was  not  notice:\bly 
changed  by  treatment  with  copper  powder.  Like  its  homologues,  it 
yields  the  corresponding  couuiarin  when  treated  with  yellow  mercuric 
oxide.    The  pure  substance  melts  at  ]  18 — 119^  : 

0-3046  gave  0-3789  BaSO^.    S  =  1 7  09. 

C|jH^oOS  requires  S=>  16*80  per  cent. 

It  was  noticed  throughout  that  there  was  a  strong  tendency  for  the 
thiocoumarins  to  give  on  analysis  a  high  percentage  for  sulphur,  and 
that  this  extra  sulphur  was  retained  with  considerable  persistency 
throogh  several  successive  crystallisations.  This  property  was  especially 
marked  in  the  case  of  4 : 7-diniethylthioooumarin,  iHiioh  after  three 
oxystaUisations  from  alcohol  yielded  21  per  cent,  of  sulphur,  thus 
making  it  appear  likely  that  the  sulphur  is  united  to  the  thtoeoumarin 
by  some  weak  affinity.  These  loosely  combined  sulphur  compounds 
can  generally  be  removed  by  the  treatment  with  copper  powder 
mentioned  on  page  525. 

4 :  l'Dm$thylwwawHnoxim&  was  obtained  by  the  same  method  as 
that  used  for  the  preparation  of  7-methylcoumarinozime ;  it  is  less 
soluble  an  water  than  the  latter  compound,  but  separates  from  a 
mixture  of  alcohol  and  water  in  fine^  white  needles  melting  at  179^ : 

0*3377  gave  21-4  c.e.  nitrogen  at  19^  and  748  mm.   N  »  7*17. 
CjjHjjOjN  requires  H-7'41  per  cent. 

4 :  7>Z)ti?ial&^ooiifn<iKn/ii^yMy(ifYH8on0,  prepared  in  the  same 
manner  as  7-methylcoumarinpheaylhydrazone,  forms  golden-brown 
needles  melting  at  99—100^  : 

0*1947  gave  18  8  c.c.  nitrogen  at  22°  and  762  mm.    N-  10-97. 

CjylljgONg  requires  N  =  10-61  per  cent. 

4  :  l-Dimethylthiocoumarin  Jlercuric/Uoride. — The  addition  of  the 
generators  of  this  substance  is  effected  by  their  admixture  in  ethereal 
solution.  The  product  forms  a  yellow,  amorphous  powder  with  great 
readiness,  and  behaves  towards  solvents  like  thiocoumaria  mercuri- 
ohloride.   Hydrogen  sulphide  regenerates  4  :  7-dimethylthiocoumarin : 

0  1466  gave  0-0934  AgCL   CI  - 15*78. 

0,|H|oOS01s£^  requires  01  *- 15*40  per  cent. 

3:4:  l-TrimAtitylcouTnarin  and  3:4-  l-Trimetl^ylUhiocoumarin, 

3:4: 7*2VMM<4y{0o«marm  meratfrioUbrtilf^  obtained  by  the  general 
method  of  preparation,  separated  from  ether  in  a  rather  ill-defined. 
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f6lt-lik«  masBy  totally  different  in  appearance  from  the  other  mereori- 
chlorides.  Analysis  gave  numbers  which  approximated  to  those 
required  by  the  formula  C^2^ifi'2-^^^h' 

3:4: 1'lHmeihyleoufnarin  cobaltieyanide  was  obtained  with  some 
diflionlty  by  the  method  already  employed,  and  presented  the  same 
features  as  the  other  cobaltioyanides,  being  difficult  to  obtain  in  a 
state  approaching  purity.  Data  were  obtained  which  indicated  the 
formula  C,2Hj202,HsCo(CN)g  for  the  anhydrous  substance. 

B  :  ^  :  7-2Vim^th)/lcoumarin  platinichloride  was  not  prepared  iu  the 
pure  Ptate,  but  indications  of  its  existence  were  obtained. 

Z  \  i  :  1 -TriimLhylthiocoumarin. — The  [)i  epiiratiun  of  this  substance 
proceeded  smoothly  by  the  general  method,  the  compound  being 
finally  obtained  in  very  brilliant  reddish-yellow  needles  melting 
at  124—125": 

0-3114  gave  0  3731  BaSO^.    S=  16-46. 

OiiHi,OS  requires  8—15*69  per  cent. 

The  product  has  the  genoral  properties  and  solubilities  of  the 
thiocoumarins. 

3  :  i  :  7 -Triniethylconmarinoxiine  results  from  the  interaction  of 
equimolecular  proportions  of  3:4: 7-triinetliyltliiocouuiarin,  sodium 
bydroxitle,  and  hythoxyl  uiiine  hydrocliloride.  It  is  much  less  soluble 
than  4 : 7-diineLh)'lc()uiuarinoxime,  but  crystallises  from  alcohol  in 
needles  melting  at  198°: 

0-2099  gave  11*4  cc.  nitrogen  at  9"*  and  770  mm.  N»6*6L 
0,2H,,0|N  requires  N «-  6*89  per  centi 

3:4;  l-lViinethf/lconi/iariup/temjlhi/drazone  was  obtained  in  beautiful 
yellow  needles  by  the  general  method  of  preparation,  it  may  be 
crystallised  from  alcohol,  and  melts  at  135^  : 

0*2020  gave  18  3  cc.  nitrogen  at  19°  and  733  mm.   N- 10*02. 
CigHigON,  requires  N  =  10*07  per  cent. 

Gensral  dmekuunu, 

(1)  The  homologues  of  coumarin  may  be  converted  into  the  corre- 
sponding thiocoumarins  by  treatment  with  phosphorus  pentasulphide 
and  the.^e  thiocoumarins^  when  purified  from  adherent  sulphur  com- 
pounds, exhibit  a  distinct  yellow  colour,  in  this  respect  differing  frmn^ 
the  coumarins  which  are  colourless. 

(2)  Coumarin  and  its  homologues  and  its  sulphur  analogues  give 
rise  to  additive  compounds  with  mercuric  chloride  in  which  the 
reagents  combine  in  molecular  proportion.   In  the  case  of  the  ozy- 
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oompounda,  one  of  the  following  formube  (UX  and  IT)  may  be 
adopted. 

g«H,  >o<HgCl  •  9,H  — O  HgCl 

ch:ch-co      CI    '        ch:ch-c^  ^ci 

9«H,  >o<Hgci 

ch:oh-c8     01  • 

(3)  In  the  case  of  the  thiooonmariDe,  it  is  probable  that  a  formula 
of  the  former  type  is  more  appropriate.  Thiocoamarin  mereiiriohloride 
woald  thus  bare  the  oonstitntion  indicated  by  formula  Y.  This  view 
is  confirmed  by  the  fact  that  the  thiooonmarins  differ  from  the 
coumarina  in  their  bebayioor  towards  hydroxylamine  and  pbenylbydr* 
azine.  These  compounds,  although  regarded  as  agents  for  the 
detection  of  the  carbonyl  group,  do  not  react  with  the  coumarins 
(Tietuann,  Ber.,  1886,  19,  1663),  whereas  condensation  does  occur 
with  the  thiocouniariiis,  leadin<^  to  the  j  nod  action  of  the  coumarin 
oximes  and  the  coumariaphenylhydrazones  (VI  and  Vil) : 

(VI.)  (VII.) 

(4)  The  negative  results  with  the  coumarins  themselves  support 
the  view  that  in  these  lactones  the  ketonic  group  no  longer  exists 
as  such,  being  modified  in  the  sense  indicated  by  formula  VIII.  On 
the  other  hand,  tho  oxime  and  phenylhydrazone  condensation  which 
occurs  with  the  tbiocoumarins  justifies  tlip  belief  that  the  thio- 
conipounds  contain  the  thiocarbouyl  group  as  represented  by 
formula  IX : 

(VIII.)  (IX.) 
The  marked  colour  difference  between  the  coumarins  and  thio* 
coumarins  may  alno  be  regarded  as  subsidiary  evidence  that  they  are 
differently  constituted,  for  the  coumarins  are  all  colourle-s  substauceSi 
whilbt  the  tbiocoumarins  without  exception  have  a  distinctly  yellow 
or  orange  colour. 

The  constitutional  formulae  assigned  to  the  additive  compounds 
of  the  coumarins  and  tbiocoumarins  are  based  on  one  assumption, 
namely,  that  oxygen  exhibits  quadrivalency,  more  particularly  towards 
the  halogens  or  towards  compounds  contaioing  the  halogens.  This 
supposition  is  in  accordance  with  the  general  behaviour  of  oxygen  and 
the  halogens  in  both  their  inorganic  and  organic  compounds. 
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XLIX. — Colour  and  Constitution  of  Azometkine 

Compounds.    Fart  I. 

By  Fbakk  Obobqb  Popb. 

In  a  paper  recently  Gommunioaied  io  the  Society  by  Hewitt  and 
Mitchell  (Trans.,  1907,  91,  1251),  it  was  shown  that  the  nitroazo- 
phenols  and  naphthols  on  treatment  with  alkalis  gave  salts,  which  ia 
the  case  of  the  para-nitrated  compounds  exhibit  absorptions  of  a  type 
radically  different  from  that  shown  by  the  phenol  or  naphthol  it^elf, 
except  where  a  group  has  been  introduced  into  the  molecule  which,  by 
virtue  of  its  character  and  position,  prevents  the  formation  of  a  di- 
quinonoid  structure.  The  authors,  considering  that  a  cliange  in  the 
absorption  fipectrum  of  a  compound  when  it  undergoes  transformation 
into  a  salt  penorally  j)oiuts  to  a  radical  alteration  of  constitution, 
formulate  the  free  azophenols  and  their  alkali  salts  as  follows: 

no^^n:n<^        and  ko,n:/^:N'N:<^|^^:o. 

Since  the  aaomethine  ('NIOH*)  grouping  shows  a  considerahle 
likeness  to  the  azo-  ('NIN*)  grouping  in  many  respects,  it  seemed 
probable  that  a  similar  change  might  be  observed  in  the  compounds 
where  such  a  grouiong  existed,  and  this  investigation  was  undertaken 
to  ascertain  if  such  were  the  case.  Yeiy  little  appears  in  the  current 
chemical  literature  concerning  the  difference  between  the  aaomethine 
compounds  and  their  salts.  Mdhlau  (^«r.,  1898,  31,  2260)  has 
prepared  such  compounds  by  the  condensation  of  6-aminosalicylie  acid 
and  the  three  nitrobensaldehydes,  and  has  noted  that  the  substanoss 
are  yellow,  and,  in  the  case  of  the  ortho-  and  para-nitro-oompounds, 
give  orange-yellow  solutions  with  sodium  hydroxide.  Sadis  (^^r., 
1907,  40,  3230)  has  also  prepared  similar  compounds  by  condensing 
2 : 4-dinitrobeoBaldehyde  with  various  aminonaphthols,  and  has  noted 
that  in  the  eases  of  the  4  : 1-,  5  : 1-,  and  8 : 2-aminooaphthol8,  on  the 
addition  of  a  caustic  alkali,  the  solutions  become  deep  blue  or  violet, 
the  free  anhydro-substances  giving  reddish-brown  or  orange-red 
solutions  in  alcohol. 

IL  was  found  during  the  course  of  tlio  prcscnl  investigation  that  the 
absorption  spectra  of  the  free  azoniethino  compounds  and  of  their 
alkali  salts  were  very  differen*  in  character,  and  consequently  the 
same  a  sinnpiiou  is  made  in  tlie  case  of  the  nitrated  azomethine 
compounds  as  in  that  of  the  similarly  constituted  nitroazophenols, 
namely,  that  the  tr.insforniation  of  the  nitroazomethine  structure  to 
the  tsonitro/d'oazomethino  form  is  accompanieil  by  n  oltanr^c  in  the 
oscillation-frequency  of  the  molecule ;  absorption  bauds  appear  in  the 
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▼iolet  or  blue  end  ol  the  speetram  with  the  miilt  that  the  aolotiims 
appear  red  or  reddish-brown  hy  transmttted  light.  This  ie  rendered 
dear  by  oomparing  the  abeorptione  of  bensylidene^MLmiDophenol  and 
4-ni(robens7lidene^aniinophenol.  In  alcoholic  eolation  (iT/lOO),  the 
violet  and  blue  are  absorbed  as  far  as  wave-lengths  466  and  482  fifi 
respectively,  bat^  on  the  addition  of  potassinm  hydroxide,  the  eolation 
of  the  former  shows  absorption  extending  as  far  as  473  fifi  and  the 
latter  as  far  as  622  /ifx,  being  continuous  from  the  ultra-violet  into  the 
visible  spectrum;  moreover,  the  solution  changes  from  pale  orange- 
yellow  to  a  deep  reddish-brown.  The  potassium  salts  of  these 
compounds  may  thus  be  represented  as : 

Ko(^  ^n:ch<^~\  and  o:<^"^:n-oh:/"~\:no^. 

It  is  to  be  noted  that  Sachs'  2'  :  4'  (linitrobenzvlidene-4-amino-a- 
naphtljol,  like  /Miitrobenzenea/.o  a  na[)hthol  (IMoldohi,  Trans.,  1885, 
47,  661;  Bamberger,  Jier.,  1895,  28,  848),  forms  reddish-brown 
crystals,  and  gives  a  deep  blue  alkaline  solution.  Consequently,  the 
following  formula  may  be  suggested  for  this  compound  : 

and  similar  formnlw  for  the  compounds  derived  from  the  5  :  1-  and 
8  :  2-arainon;ipiithols,  since  it  is  in  these  positions  in  the  naphthalene 
nucleus  where  the  possibility  of  a  quinonoid  structure  is  apparent,  and, 
in  the  5  :  2-  and  7  :  2-at]iinona{)}itliol  compounds  where  such  a  structure 
18  precluded,  Sachs  found  that  the  solutions  in  alkali  were  dark  red. 

£XPfiBI  MENTAL. 

Menzylidene-p-aminophenolf  ^    ^CHIK^  ^OH. 

This  substance  has  been  previously  prepared  by  Philip  (Her.,  1892, 
25,  3248),  tlie  melting  point  being  given  as  181°.  On  preparing  it  by 
condensing  the  components  in  dilute  acetic  acid,  and  recrystallising  the 
product  from  alcohol,  it  separated  in  almo.st  colourles.s  needles, 
melting  sharply  at  183°.  It  gives  an  almost  colourless  solution  in 
alcohol,  which  becomes  slightly  darker  (very  faintly  yellow)  on  the 
addition  of  alkali. 

Equivalent  weights  of  nitrobcnzaldehyde  and  of  ;>  ann'nophcnol 
were  separately  dissolved  in  dilute  acetic  acid,  the  solutions  mixed 
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and  allowttd  to  stand  for  some  lim«.  The  NsoItiDg  pradpitato  waa 
cryatolUaed  from  aloobol,  from  which  small,  yellowUh-hrown  needles 
separated,  melting  at  168*5".  The  substance  giyes  an  orange-yellow 
solution  in  alcohol,  which,  on  the  addition  of  alkali,  becomes  a  deep 
orange-red : 

«*1612  gave  0*8793  CX),  and  0*0627  H^O.   C-64-17;  H-432. 
^18^10^8^2  requires  0-> 64*46 ;  H-4'13  per  cent. 

0H_ 

This  compound  was  prepared  by  diesolTing  equivalent  weights  of 
p-nitrobenzaldehyde  and  o-aminophenol  separately  in  absolute  alcohol 
and  mixing  the^lutions.  Tufts  of  needles  separated  after  a  short 
time.  The  compound  was  precipitated  by  water  and  crystallised  from 
alcohol,  being  obtained  in  brownish-yellow  needles,  melting  at  161°. 
Its  solution  in  alcohol  is  yellow,  and  on  the  addition  of  alkali  becomes 
orange-red : 

0-2094  gave  0  4949  00,  and  0*0794  H,0.   0  -  64  46 ;  H  -  4*21. 
C„HioOaNg  requires  0  -  64*46;  H«4*13  per  cent. 

p-NitroUnzi/lidene-5-aminosalicylic  acid,  NO,^   ^OH^N^  ^OH. 

OO^H 

Considerable  difficulty  was  experienced  in  preparing  this  substance  by 

the  method  given  by  Miihlau  (loc.  ciL),  since  it  was  found  that  a  residue 
containing  sodium  salts  was  always  left  after  combustion.  The 
difficulty  was  overcome  by  the  addition  of  a  small  quantity  of  acetic 
acid  to  the  .solution  of  5-aminosalicylic  acid  hydrochloride  in  alcohol, 
and  then  adding  to  this  the  solution  of  nitrobenzaldehydo  in  alcohol 
(containing  the  rc'(|aired  amount  of  sodtuui  acetate).  The  product 
separated  in  a  few  minutes  as  a  brownish-yellow  solid,  which,  wheu 
crystHllised  from  dilute  alcohol,  in  which  it  is  somewhat  sparingly 
soluble,  melted  (with  decomposition)  at  245 — 247°  (Mublau  gives 
217 — 218^^).  Its  solution  in  alcohol  is  very  pale  yellow,  and  on  the 
addition  of  alkali  it  becomes  dark  brown.  The  acid  gives  brown 
coloured  salts  with  heavy  metals  : 

0-1952  gave  0  4 193  CO.  and  0  0654  H.-O.    0  =  58  58  ;  H  =  3'72. 
Cj4HioO^N,  requires  0-68-74    H-3-60  per  cent. 

>0H,  was 

prepared  by  mixing  equivalent  quantities  of  the  components  in  warm 
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dilute  acetic  acid.  After  some  time  the  solution  was  poured  into 
water^  and  precipitate  crystallised,  first  from  dilute  aoetie  acid  and 
finally  from  dUute  alcolioL  It  separates  in  small,  brown  needlesi 
which  melt  at  154^.  Ito  alcoholic  solution  is  pale  yellow,  and  on  the 
addition  of  alkali  becomes  slightly  darker  in  shade : 

0-1992  gave  0-4673  CO^  and  0  0763  11,0.    C  =  63-98;  H  =  4-26. 
Ci,HioO,N,  requires  C  =  64-46  ;  H=  413  per  cent. 

NO^^  0H_ 

m-Niirobenzylidmi&o-aminophtnolf  <^    ^^H*N^        was  obtained 

by  condensing  itb  components  in  absolute  alcolu)]ic  solution.  After  a 
hhort  time  tlio  solution  was  poured  into  water,  und  the  precipitate 
cryht^ilh'sed  from  alcohol,  from  which  it  separated  in  tine,  pale  yellow, 
feltt'J  nctHllt's,  melting  at  135^.  Its  alcoholic  solution  is  pale  yellow, 
and  on  the  addition  of  alkali  becomes  slightly  darker  in  shade  : 
0-1874  gave  0-4378  COg  and  0  0729  11,0.  C  -  63-71 ;  U-4-32. 
C|,HioO,N,  requires  C«» 64-46  j  Ub4'13  per  cent. 


OH  _ 

This  compound  has  been  prepared  by  Emmerich  {Anncden,  1887, 
241,  344)  and  Duparc,  Annalen,  1891,  266,  140).  It  crystallises  in 
pale  yellow  needles,  and  its  alcoholic  solution  is  pale  yellow.  On  the 
addition  of  alkali  to  this  no  visible  change  was  observed.  Since  the 
sodium  salt  of  this  compound  shows  less  absorption  than  the  free  aso- 
methine  (see  teble),  it  might  be  suggested  that  the  anliMlrn  compound 
in  this  case  poeseeses  a  quinoooid  structure  and  is  to  be  formulated  as 


_0H 

This  compound  has  been  prcviounly  prepared  by  Haarnian  {Ber.^ 
1873,  6,  339),  and  is  descril)ed  as  melting  at  115°.  By  dissolving 
e(jui molecular  quantities  of  salicylaldehyde  and/>-nitroanilino  separately 
in  dilute  acetic  acid,  and  mixing  the  solutions,  a  deep  orange  pre- 
cipitate was  obtained,  which  crystallised  from  dilute  acftic  acid  in 
.^mall  needles  melting  at  ISO*^.  The  preparation  was  repeated,  and 
the  siime  result  was  obtained,  and  a  mixture  of  the  two  preparations 
also  melted  sharply  at  159^    The  substance  dissolves  in  alcohol 
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readily,  and  the  dilute  solution  is  pale  yellowt  bot  OB  tlie  tddition  of 
alkali  beoomee  reddish-brown  in  shade : 

0-1636  gave  0-S843  COg  and  0  0634  HjO.    C-  64  07  ;  H  =  4  30. 

CuHigOgNg  requires  0  =  64*46  ;  H  =  413  per  cent. 

OH  NO, 
0'Hf/droxybmzi/lid§M^m'niUv9n^  <^  ^CHIN<^~^,  was  pre- 
pared by  mixing  equimolecular  quantities  of  its  components  in  dilute 
alcoholic  solution.  The  resulting  crystalline  magma  was  filtered,  and 
the  substance  recrystallised  frcmi  absolute  alcohol,  from  which  it 
separated  in  palo  yellow  needles,  melting  at  132°.  The  alcoholic 
solution  is  pale  yellow,  and  the  solution  remains  practioally  unchanged 
on  the  addition  of  alkali : 

0-2020  gave  0*4794  CO^  and  0*079  H^O.    O «  64*72 ;  H  -  4*35. 

CijHioOgN,  requires  0« 64'46 ;  H  =  4*13  per  cent. 


ha4S  been  prepared  by  Muhlau  {loc.  fit.).  It  crystallises  in  red  needles  or 
plates  and  the  alcoholic  solution  on  the  addicion  of  alkali  becomes 
violet. 

So  far  as  the  spectroscopic  observations  are  concerned,  only  tho 
visible  portion  of  the  speilruin  been  examined.  The  solutions 
examined  were  jilcoholic.  solutions  of  the  sodium  salts  being  prepared 
by  adding  a  drop  of  40  per  cent,  sodium  hydroxide  solution  to  the 
parent  .substaTu-e.  The  statement  "  From  528  fxfi  onwards,"  means 
that  from  5*2^  /xyu  onwards  the  blue  and  violet  are  absorbed  as  far  as 
the  visible  spectrum  extends. 

Absorption. 

Substance.  Concentration.      (Red).  (Violet). 

^^CH:N<^^2)>^*^    ^J^^^       ^^"^  onwards 


o 


CH:N<^^^ONa   A/lOO    '      „    473  /4^ 

\ 


NOa<^    \CH:N<^^OH   iV/100  „  482  „ 

NaO,N:<^^SCH'N:(^~^:0    iV/100  „  622  Mf«  t. 

NOg<^^^CH:N<^^   iV/100  „  468  M«  „ 

0 


•  * 


Na05N:;^^;CH-N:<^^    AyiOO  „    533 „ 


It 


AZOMETHINE  COMPOUNDS.     PART  I.  537 

AbMrptioB. 

Sabttance.  Concentntioo.      (Red).  (Violet). 

KO,<;^^^CH:n/J):OH   JV/1000       Fiom  467  i^i  onwudt 

NftO,N:<(^:CU-N:<^^:0    A/lOOO        „  500/*/* 

UOgNa 

  ^f^^  '^^ 

NO, 

^^CHlN^^ONa   A/lOO          „    628  mm 

NO^  OH 

/^CH:N<^^   JVyiOO         „    456 /vi  „ 

NO,  ONa 

\y^^-^\^   -^/lOO          „    613  MM  M 

OH 

^~^H:N(^^NO,   Jtf/100          „    468  mm  f> 

0 

^^:CH'N:<;[^^:NOjN»   '„  A/100          „    633 /im  „ 

OH  NO, 

<^^CIl:N<^   \   A/100          „    466  mm  m 

^Xa  NO3 

<^    )CH;N<^_\   A/100          „    493/*/*  „ 

_0H  _ 

<^^CH:N<^^   A/100          „    482  mm  ** 

ONa 

<(3^H:N<^   '^'^^^  " 

^"^•^•CI^'^^'^'C")^'^    A76000      Band  677  to  466  mM 


I  have  to  think  the  Research  Fund  Committee  for  a  grant  which 
has  partly  defrayed  the  expeube  of  this  work. 

East  Loimov  Gouiob. 
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L. — Sonve  Fhysico-Cliemical  Propertiai  of  Mixtures  of 

Pyridine  and  Water, 

liy  Hakold  JLIautley,  Noel  Gauudd  I  iiumas,  iiud 

Malcolm  Pekcival  Applebev. 

• 

The  behaviour  of  mixtures  of  pyridioe  and  water  has  been  studied 
from  yarious  points  of  view  by  a  number  of  authors :  Qoldsohmidt  and 
OoDstam  (far.,  1883,  16,  2977)  determined  the  eomposition  of  the 
constant  boiling  mixture ;  Zawidski  {Z9Umtk.php8ik(ML  Ohmn,,  1900, 36, 
129),  the  total  and  partial  vapour-pressure  curves  at  80^;  Bredig 
(MiBch,  JSMrockmn,,  1901,  7,  767),  the  absorption  of  electric  waves ; 
Morgan  and  Kanolt  (/.  Anm.  Ck&m,  Soe,,  1906,  26,  6721),  the 
conductivity  of  solutions  of  silver  nitrate  in  mixtures  of  the  two 
liquids ;  and,  since  the  present  work  was  begun,  papers  have  appeared 
by  Holmes  (Trans.,  1906,  90, 1784)  on  the  densities  of  mixtures  at 
16^  and  by  Dunstan,  Thole,  and  Hunt  (Trans.,  1907,  91,  1718)  on 
the  density  and  visooeity  at  25^.  The  consideration  of  the  two  facts, 
that  both  liquids  dissolve  metallic  salts,  forming  conducting  solutions, 
and  that  the  properties  of  mixtures  of  the  two  liquids  differ  largely 
from  the  properties  of  their  constituents,  led  us  to  undertake  the 
determination  of  those  properties  of  the  mixtures  which  affect  the 
electrical  conductivity  of  salts  dissolved  in  them  in  the  hope  that  the 
gradual  substitution  of  one  solvent  for  the  ether  might  throw  some 
further  light  on  the  causes  determining  the  conductivity  of  solutions. 

The  determination  of  the  following  constants  is  described  in  the 
present  paper  :  the  density,  viscosity,  and  surface  tension  of  pjridine- 
water  mixtures  at  0°  and  25°;  the  density  and  viscosity  of  one-eighth 
weight-normal  solutions  of  lithium  nitrate  in  a  series  of  mixtures  at 
0°  and  25°,  and  the  molecular  conductivity  of  these  solutions  at  the 
&ame  temperatures.  With  the  help  of  these  data,  we  have  attempted 
to  trace  how  far  the  observed  changes  in  conductivity  are  due  to 
(1)  the  extent  of  ionisjition,  (2)  the  viscosity  of  the  fioiutiou,  and  (3) 
the  condensation  of  solvent  round  tlie  ions. 

Lithium  nitrate  was  selected  because  it  dissolved  freely  in  both 
liquids  and  in  mixtures  of  them  ;  in  eliminary  experiments  with  salts 
of  lithium,  jxjtassium,  and  sodium  showed  that  only  tliof'G  salts  of  these 
metals  which  are  hygroscopic  dissolve  easily  in  pyridine. 

J^reparation  of  AfcUeriaU, 

The  best  pyridine  obtained  from  Kahlbaum  was  found  to  contain 
traces  of  water,  from  which  it  could  be  freed  only  by  repeated  tieat- 
ment  with  solid  potash  and  distillation  with  a  fractionating  column. 
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The  great  difficulty  of  drying  the  substanoe  is  probably  due  to  the 
formation  of  a  compound-  with  water.  The  dry  subetance  is  extremely 
bygroscopic,  and  it  was  always  distilled  directly  into  a  dry  bottle 
protected  from  moisture  by  a  calcium  chloride  tube.  The  substance 
used  in  our  experiments  boiled  at  115*3^115-4^  (corr.) ;  Zawidzki 
(Ckm,  Z9U„  1906,  30,  299)  found  115*1—115*3%  and  Innee  (Trans., 
1901,  79,  261),  115-2— 115*5<*.  If  contaminated  with  small  traces  of 
water,  the  boiling  point  is  several  tenths  of  a  degree  lower.  The 
pyridine  was  kept  in  desiccators  in  the  dark. 

WcUer. — This  was  purified  by  distillation  with  acid  and  alkaline 
permanganate  in  the  manner  described  by  Manley  (Proc.  Roy.  Soc., 
1905,  76,  A,  47(3),  a  l)lock  tin  condenser  being  used  for  the  final  con- 
densation, itfi  conductivity  was  on  an  average  12  x  li)  "'  reciprocal 
ohms  at  0°.  The  water  was  stored  in  litre  Hasks  of  Jena  glass,  in 
which  it  kept  unaltered  for  several  weeks.  The  flasks  had  caps 
ground  on  to  the  outside  surface  instead  of  the  ordinary  inside 
stopper,  as  shown  in  Fig.  1 . 

This  ensures  the  water  being  poured  out  over  a  clean  surface,  and 
avoids  the  danger  of  dirt  dropping  in  when  the  flask  is  opened.  The 
devi(  c  makes  it  easier  to  keep  and  use  conductivity 
water  without  risk  of  contamination,  and  is  of 
great  convenience  in  dealing  with  dilute  solutions. 

TAthium  }fitrate. — Obtained  from  Kahlbaum, 
and  further  purified  by  recrystallisation.  The 
spectrum  of  the  recrystallised  salt  showed  no 
traces  of  the  lines  of  any  impurities  excopt  a  faint  sodium  line. 

Preparation  of  Sohilums. — All  the  solutions  were  made  up  by 
weight,  and  kept  in  Jena  glass  flasks  with  ground  stoppers.  As 
lithium  nitrate  is  very  hygroscopic,  the  following  method  was  adopted 
for  making^  up  the  salt  solutions.  About  the  right  weight  of  the 
hydrated  salt  was  dehydrated  by  heating  it  in  a  small  platinum 
erudble  in  an  air-bath  at  1  for  at  least  six  hours ;  the  crucible 
was  allowed  to  cool  in  a. desiccator,  and  weighed  as  soon  as  cool  m  a 
stoppered  glass  bottle,  the  weight  of  the  bottle  and  crucible  being 
proviously  ascertained.  The  correct  weight  of  solvent  required  was 
then  weighed  into  a  wide-mouthed  stoppered  bottle,  and  the  crucible 
was  dropped  in.  The  composition  of  the  soluti<m  by  weight  was  thus 
accurately  known,  and,  in  order  to  find  the  nnmber  of  gram-equiva- 
lents  of  salt  in  a  litre  of  solution,  density  determinations  were  made 
at  the  temperature  at  which  the  solution  was  used. 

IharmottaU^ — For  esqieriments  at  25*»  a  large  thermostat  with  glass 
fronts  holding  about  40  litres,  provided  with  a  spiral  temperature  regu- 
lator (Lowry,  Trans.,  1905,  87,  1039^  gftv«  excellent  results ;  the 
temperature  ▼ariation  rareljr  exceeded  ±0*01^;  the  actual  corrected 


540    HARTLEY,  THOMAS,  AND  APPL£B£Y  :  SOM£  PHYSICO-CHEMICAL 

temperature  was  25  08°  on  the  hydrogen  scale.  For  experiments  at 
0\  a  bath  cf)utaining  finely- powdered  ice  wa«  n^od,  und,  for  the  con- 
ductivity diiterminationa,  this  was  ja<ket«'d  by  a  second  vessel  containing 
ice.  The  temperature  never  exceeded  -f  0  05°,  and  was  usually  much 
closer  to  0".  The  thermometers  used  were  graduated  in  wide 
twentieths  of  a  degree,  and  were  compared  with  a  thermometer  with 
a  Beichsanstalt  certificate. 

Density  D^trminaiioTM. 

The  determinations  at  25°  were  made  in  two  U-shaped  pyknomebers 
of  a  pattern  recommended  to  us  by  Mr.  J.  J.*Manley.  They  were  made  « 
from  test-tube  glass,  and  held  about  9  ca  £<ach  pyknometer  was 
weighed  against  a  counierpoise,  and  the  results  were  oorreeted  for 
displaced  air.  Gonsidering  the  small  quantities  used,  the  results  show 
good  agreement  except  near  the  pyridine  end  of  the  series,  l^ridine 
is  so  hygroscopic  that  it  absorbs  sufficient  water  during  the  filling  of  a 
pyknometer  to  affect  its  density  appreciably.  In  one  case^  an  exposure 
to  the  air  of  about  five  minutes  caused  the  density  to  rise  by  3itinits 
in  the  fourth  place. 

The  results  are  given  in  the  following  tabloi  and  are  plotted  in 
Kg.  2: 


Table  1. — Deimti/  of  Pyridine- Water  Mixtures  at  25  08°. 


Molflonlar 

A4  by 

Af  by 

Percentage 

pen  entiigo 

of  pyridine. 

of  pyi  idiue. 

pykuometer  I.  pykuometcr  11. 

mean  value 

0-00 

0-00 

0  99705 

9-91 

2-45 

0*09953 

0*99953 

0*99958 

19-28 

616 

1-00118 

100116 

1-00117 

29-99 

8-80 

1-00231 

1-00236 

l-UG-234 

80-84 

1812 

1*00818 

1*00814 

1*00814 

49-57 

18-81 

1  -00348 

1-0031') 

1-00347 

&9-70 

25-22 

1  -00295 

1  -00298 

1 

70-34 

35-09 

1  00127 

1  00125 

1 -00120 

80-15 

47-92 

0 -99086 

0-99702 

0-m94 

90  08 

07-44 

0-98864 

0*98877 

0-9S^70 

95  01 

81-26 

0-98311 

0  98311 

100*00 

100*00 

0*07710 

0*07782 

0*07721 

Zawidaki  gives  two  results  for  the  density  at  25*^,  namely,  0*97794 
and  0*97796 ;  it  would  thus  seem  as  if  his  specimen  had  absorbed  a 
little  water. 

On  account  of  the  large  expansion  with  rise  of  temperature  of 
mixtures  containing  a  large  proportion  of  pyridine,  the  pyknometors 
used  for  the  tkteriuinaiions  at  0°  were  made  of  tube  form  and 
stoppered.    The  results  were  not  so  accurate  as  those  at  25°,  but 
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daplioate  determinations  rarely  differed  by  more  than  1  unit  in  the 
fourth  place. 

The  nenlte  are  given  in  the  following  table»  and  are  plotted  in 
Sig.  2: 

Table  H.^jDmim^  of  Fyridim-Waier  Miutwm  al  (P. 


Molecular 


Percentagis 

percontagtt 

A?  by 

of  pyridinei 

of  pyridine. 

I^rknoneter  I.  pyk&ometer  Ii. 

mean  value, 

0  00 

0  00 

0-99987 

9-59 

2-86 

1-00571 

1  -00583 

1-00577 

20 '60 

5-64 

101161 

101155 

1-01158 

29*63 

8-72 

1-01509 

i-oir.i7 

roir.i3 

9978 

13-06 

1-01860 

1-01856 

1-U1858 

49-M 

18»47 

1*02160 

1*02166 

1*02168 

69'19 

24-83 

1-02310 

1  02324 

1-02:317 

62-02 

27  13 

1  02342 

1  -0-2362 

1  02352 

65-12 

29-85 

1*02854 

1  02364 

1*02859 

69-;»2 

34-62 

1  -02348 

1  0-2343 

87  07 

47-80 

1-01967 

1-01967 

i-oi;>67 

90  07 

67  46 

1-01190 

101191 

1-01191 

100*00 

100*00 

1*00120 

1  00184 

1*00127 

Both  curves  show  a  maximum,  which  occurs  at  31  molecules  per 
cent,  of  pyridine  at  0°,  and  at  18  molecules  per  cent,  at  25°.  The 
shift  in  the  maximum  is  easily  explained  by  the  difference  in  the 
coefficients  of  expansion  of  water  and  pyridine  between  0°  and  25", 
pyridine  expanding  almost  twenty  times  as  much  as  water.  The  large 
amount  of  contraction  which  takes  place  when  the  two  liquids  are 
mixed,  and  also  the  considerable  heat  evolution  accompanying  it,  point 
to  the  formation  of  a  hydrate  of  pyridine  in  the  mixture,  and,  as  in 
both  curves  the  maximum  deviation  from  the  straight  line  joining  the 
two  eods  of  the  curve  occurs  at  30  molecules  per  cent,  of  pyridine, 
the  rrif^ywuntn  formation  of  hydrate  probably  takes  place  in  mixtures 
of  thie  eompOsitioD.  This  result  is  confirmed  by  the  vi.^cosity  curves, 
which  show  similar  maxima  at  29  molecules  per  cent,  of  pyridine  at 
0^,  and  30*6  molecaleg  per  cent,  at  25°. 

In  a  recent  paper  (^oe.  cf^.),  Dunstan,  Thole,  and  Hunt  describe  a 
series  of  determinations  of  the  density  of  pyridine-water  mixtures  at 
in  which  they  find  discontinuities  in  the  density-concentration 
enrve  at  36  and  62  per  oent.  of  pyridine.  We  found  no  evidence  of 
the  existence  of  these  discontinuities  either  at  25°  or  at  0°,  and,  if 
the  resnlte  given  in  the  above  paper  are  plotted  against  ours,  it  is 
evident  that  the  snppoeed  hreake  in  the  curve  are  due  to  the  authors' 
praetioe  of  drawing  curves  through  their  experimental  points  without 
taking  into  aooonnt  their  prohaUe  experimental  error. 

But  apart  from  experimental  evidence,  other  considenitions  make  it 
improbable  that  the  curves  given  by  the  above  authors  represent  real 
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Any  ooDtinuous  change  in  the  compoBition  of  a  homogeneous 
mixture  must  be  accompanied  by  a  continuous  change  in  physical 
properties,  as  a  discontinuity  could  only  be  produced  by  some  abrupt 
change  in  the  equilibrium  constant  of  one.of  the  systems  present,  and 


Density  of  Pyridine  Water  Mixtures 


0.975"  '  «  —  '  '  '  ' 

10     20304050     60  708090KX) 

Molecular  Percentage  of  f^ridine 


any  change  of  this  nature  would  be  contrary  to  the  law  of  mass 
action. 

If  we  accept  the  law  of  mass  action,  no  homogeneous  liquid 
mixture  can  show  a  discontinuous  change  of  density  with  compositian 
while  its  temperature  and  pressure  remain  constant. 
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Denaiiy  of  ^  WeighA-normal  Solutions  of  Liihium  NitrtUe  in  PffridinA" 

Watar  Mixturet, 

Determinations  of  the  density  of  ^  wei^^hb-nonnEl  lithiam  nitrate 
flolations  at  0°  and  25°  were  needed  in  order  to  calculate  tbeir  normality 
and  for  the  viscosity  experiments.  The  determinations  were  made  either 
in  bottle  pyknometers  holding  10  e.c.  with  a  glass  cap  ground  to  fit 
over  the  stopper,  or  in  pyknometers  of  the  form  used  for  the  miztore 
at  0°.  Duplicate  determinations  were  not  made^  as  the  density  was 
only  required  to  the  nearest  unit  in  the  third  decimal  place.  The 
results  are  given  in  the  following  table : 


Table  HI. — Density  of  \  Weight  normal  Solutions  of  Lithium  Nitrate 
in  FyridvM-Waier  Mixtures  at  0''  and  25  08°, 

Percentage  of      Moleculur  percent-  A4  A? 

pyridine  in  solvent,    age  of  ]>}  ridine.  of  solution.  of  aolation. 

O'OO                   0-00  1-0055  1*0020 

21*61                  6*91  1-0170  1*0062 

42*61                 14*47  1-0240  1-0076 

67*88                 81*28  1  0285  1  0074 

75*09                 40*64  1  0276  1*0061 

79-34                   46-67  1*0259  1-0035 

m-^Z                   54-35  1-0225  1  0003 

8tt-53                   6377  1  0189  0  9965 

92*60                 78*76  1*0166  0*9920 

95  01                  81-27  —  0-9897 

97-46                  89-75  1*0107  — 

100  00               100*00  1*0086  0*9840 


Viscosity  of  Pyridine- Water  Mixtures, 

The  viscosity  of  pyridine-water  mixtures  was  compared  with  that 

of  water  at  0°  and  25'^  by  ineans  of  viscometers  of  the  Ostwald 

pattern.     The   timen   taken   by   equal  volumes  of  mixture  and 

of  water  to  6ow  through  the  capillary  were  measured  by  a  stop« 

watch  reading  to  ^  sec,,  and,  from  the  times  of  flow  and  the  densities, 

'the  relative  viscosity  was  calculated  by  the  formula : 

,  . .      .  «     •  .         time  for  mixture  ^ density  of  mixture 

relative  viscosity  of  mixture  =  — :  x  —     / — ,  -  — 

time  for  water      density  of  water  * 

An  example  is  given  of  a  set  of  determinations  with  a  mixture 
eontaining  18*47  molecules  per  cent  of  pyridine  at  0^ : 
Mean  time  of  flow  in  viscometer  with  waters  103*6  sees. 

Ist  filling.  2ad  filling. 

Times  of  flow  with  miztara,  in  sees.                 290*8  291*2 

291-2  *i<.>l-3 
•291-0 

291  0  291  0 

Mean  s  291*1  tecs. 
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Density  of  mixture  1*0126. 
Viaooaity  relative  to  water = 


29M  1-0216 


10^6  0-9998 


-2-894. 


In  ealonlating  the  ▼ieoonty  in  abeoluta  units,  Thorpe  and  Bodger^s 
valnea  for  water  at  0**  and  25*08^  were  need,  namely,  0'01778  and 
0*00890.  Four  sets  of  determinations  were  naaally  made  with  esdi 
mixture  (two  sets  in  each  tahe),  and  jthe  results  usoaUy  agreed  to 
0*3  per  cent.  Th»  most  frequent  canse  of  difficulty  was  specks  of 
dust  and  traces  of  grease  in  the  capillary ;  after  a  small  number  of 
trials  with  different  liquids*  including  freshly-distilled  alcohol  and 
ether,  we  found  that  the  safest  method  of  cleaning  the  tubes  was  to 
place  in  them  some  fuming  nitric  acid  and  to  add  some  alcohol,  and  then, 
after  rinsing  them  with  the  best  conductivity  water,  they  were  dried  in 
a  smaU  air-bath  by  means  of  a  current  of  dust^free  air.  The  results 
became  more  concordant  after  this  method  of  treatment  had  been 
adopted. 

As  many  of  the  mixtures  are  hygroscopic,  calcium  chloride  tubes 

were  attached  to  both  arms  of  the  viscometer,  for  without  this 

precaution  the  mixtures  rich  in  pyridine  absorbed  water  during  an 
experimeiit.  The  tubes  were  always  set  in  a  vertical  position  with  a 
plumb  line.  Tiie  results  are  given  in  the  following  tables  and  plotted 
on  the  lower  line  in  Figs.  3  and  4 : 


Table  IY.— Ftseon^  of  Fpridim-Water  Mwiuna  at  25  08°. 


19-28  6-16  1-603  1*499     x  0  01336 

29-99  8-PO  1-797  1*794  0  01598 

39-84  18-12  8-002  2*060  0  01833 

49-57  18-40  2*289  2*279  0*02082 

69*70  25-22  2-462  2*464  0*02187 

66-65  31  '27  2-500  —  0  02225 

70-34  84i»0  2-460  2-454  0  02186 

80*16  47*80  2-180  2  129  0  01894 

90-08  R7-30  1*521  1-613  0  OrJf.O 

96  01  81-26  1-194  1-200  0  01064 

97-16  88*64  1*100  —  0"00979 

9S  02  91-86  1  058  —  0  00942 

99  00  95-76  r030  —  0-00917 

100  00  100  00  0-9943  0-9945  0*00885 
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Vucoritynktire  ViworitywlatiTe 

percentage 

to  water  by 

to  water  by 

ywsonHj  in 

of  jivriiline. 

of  pyridine. 

viacometer  I. 

viscometer  11. 

Absolnto  units. 

0  00 

0-00 

— 

001778 

9*69 

2*86 

1*874 

1*878 

0-02447 

20-60 

6-04 

1-807 

1*818 

0*08218 

29*63 

8-72 

2-157 

2*168 

0-03840 

89*78 

18*06 

2-558 

2-562 

0-04548 

49-84 

18-47 

2  894 

2-897 

0  05147 

59 -1(5 

21-83 

3-102 

3-109 

o-or.:.-2i 

62  02 

27  13 

3-126 

3131 

0-05562 

66*12 

29*85 

8*125 

8*189 

0*05860 

69  92 

84*62 

3  04  4 

76-76 

41*69 

2-768 

2*759 

0-04905 

80*07 

47*80 

2*892 

2*402 

0-04262 

85-13 

57-89 

1-853  ' 

1-857 

0*08298 

90  07 

67-46 

1-346 

1-351 

0  02398 

9511 

81-59 

0-9714 

0-9736 

0  01729 

97  Si 

91*17 

0-8210 

0-8248 

0-01463 

100-00 

100  00 

0*7894 

0*7488 

001821 

Fio.  3. 


0-008 
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The  experimental  TelneB,  when  plotted,  lie  on  fairly  emootli  curves, 
whieh  show  a  mazimnm  in  both  cases  and  a  point  of  inflexion  between 
the  maximum  and  pyridine  end.  We  did  not  observe  any  of  the 
discontinuities  mentioned  by  Donstan,  Thole,  and  Hunt  {loe.  dL),  and 
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a  oomparison  of  their  curve  with  ours  leaves  no  doabfe  thai,  as  io  the 
ease  of  density  determinations,  these  are  dae  to  no  allowaooe  being 
made  for  experimental  error. 

At  0®,  the  maximum  oocors  at  28*5  moleenles  per  cent  o£.  pjrridine, 
and  at  25^  at  30*5  molecules  per  cent,  of  pyridine^  the  maximum 
deviation  from  the  straight  line  joining  the  end  values  occurs  at 
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29  molecules  pt  r  coiit.  and  at  30*5  molecules  per  cent,  of  pyridine, 
at  0°  and  25*^  respectively. 

Thus  the  viscosity  values  support  the  deduction  from  the  density 
curves,  that  the  maximum  amount  of  hydration  of  the  pyridine  takes 
l>laco  in  the  neighbourhood  of  30  molecules  per  cent,  at  both 
temperatures. 
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Yiscosily  of  I  Weighl-noriiud  Lithium  Nitrate  Solutions. 

With  the  lithium  nitrate  solutions,  two  sets  of  detenninations  were 
made  at  each  temperature,  and  the  results  are  giiren  in  the  following 
table  and  are  plotted  on  the  upper  line  in  Figs.  3  and  4 : 

Tablk  TL— rff00«tfy  of  I  WsiffU-narmal  SUuHohs     lAOwvm  NitraU 
M»  P^VM'WaUir  Mixture  of  0°  and  25*08<». 


Perec  utaije 

of 
pyridine 
ill  solvent. 

0  00 
21-61 
42-61 
67-38 
76*00 
83-93 
88-53 
92-60 
95-01 
95 -8:3 
100  00 


Molci'ular 
percentage 

of 

p^'riiline. 

0-00 

5-91 
14-47 
31-28 
40-60 
54-35 
63-77 
73-76 
81-27 
83-98 
100-00 


Viscosity  of 

solution 
rf'lative  to 
water  at  0°. 

1-004 

1-  S48 

2-  700 

3-  298 
8*028 
2-208 
1-677 
1-296 
10S9 
1*037 
0-810 


Viscosity  of 

solution 
iu  aksohitc 
units  at  0^ 

0-01785 
0-03286 
0  04S01 
0-06865 
0*05888 
0-03925 
0*02982 
0*02805 
0-01 1»36 
0-01843 
0  01439 


Viscosity  of    Viscosity  of 
solution  Mintion 


ri'liitive  to 
water  ;it  'ia" 

lOH 
1*609 
2-206 
2*648 
2*588 
2*100 
1-768 
1-485 
1-329 
1-288 
1-076 


in  .ibsohitc 
units  at  '25". 

0-00903 
0*01488 
0*01964 
0*02856 
0*02254 
0-01869 
0  01573 
0-01321 
001 183 
0-01146 
0  00957 


It  will  be  seen  that  as  the  composition  of  the  solvent  varieis,  the 
addition  of  0*125  p-am- molecule  of  salt  has  a  very  diilerenfc  effect  on 
its  viscosity.  xVt  25^,  the  increuso  is  only  1-5  per  cent,  in  water,  but 
the  change  becomes  gradually  larger  in  the  mixture  until  it  reaches  a 
maximum  of  9-4  per  cent,  in  the  75  per  cent,  mixture.  From  this 
point,  it  falls  slightly  to  8-27  per  cent,  in  pure  pyridine.  At  0°,  the 
changes  are  of  about  the  same  order  of  maq;nitude. 

The  general  result  of  investigations  on  tlie  viscosity  of  liquids  has 
been  to  show  that  a  liquid  becomes  more  viscous  when  the  average 
bulk  of  the  particles  of  which  it  is  composed  is  increased ;  the 
behaviour  of  water  at  different  temperatures  and  pressures  is  a 
striking  instance  of  this  (Rontgen,  Wied.  Ann.^  1884,  [iii],  22,  510, 
and  1892,  [iii],  45,  91  ;  K.  Cohen,  Wied.  Aim.,  1892,  [iii],  45,  666). 

The  changes  in  our  experiments  might  be  ascribed  to  (1)  the 
disturbance  of  the  equilibrium  existing  between  the  constituents  of 
the  solvent  ;  (2)  the  introduction  of  molecules  and  ions  of  Ctplute, 
and  (3)  the  aggrc<j;ation  of  particles  of  solvent  round  these. 

The  curve  giving  the  relations  between  ionisation  and  composition 
of  solvent  in  Njdi  solutions  on  p.  546  shows  that  in  pyridine  the  salt 
is  very  slightly  dissociated  (not  more  than  2  per  cent.),  so  that  the 
increase  of  viscosity  at  the  end  of  the  carve  must  bo  due  to  the 
condensation  of  pyridine  round  the  lithium  nitrate  molecules.  In  all 
mixtures  up  to  60  molecules  per  cent^  of  pyridine,  most  of  the  salt  Ib, 


Digitized  by  Google 


548    HABTLBY,  THOMAS,  AND  AFPLEBET :  80MB  PHTSICO-GHEMIGAL 

ionised,  and  the  increase  of  visooeity  must  therefore  be  caused  mainly 
by  the  condensation  of  solvent  round  the  ions.  The  form  of  the  curve 
indicates  that  this  condensation  is  greater  in  the  pyridine-water 
mixtures  than  in  water,  and  this  conclusion  is  strongly  supported  by 
the  evidence  baaed  on  the  electrical  conductivity  at  infinite  dilution 
(see  p.  650). 

8urfae$  Ttntim  of  Pyridine^Water  Miaelurta, 

The  surface  tension  of  the  mixtures  was  determined  by  Jaeger's 
method,  in  which  the  minimum  pressure  required  to  drive  a  stream  of 
air  bubbles  from  a  capillary  opening  immersed  in  a  liquid  is  measured. 
In  this  way,  the  surface  is  constantly  renewed,  and  irregularities  due 
to  changes  in  the  surface  layer  are  avoided.  An  apparatus  was  con- 
structed on  the  same  lines  as  that  described  by  Whatmough  (ZeiUch, 
pkjfnhal,  Chem.,  1901, 39, 129),  and  the  precautions  mentioned  by  him 
were  carefully  observed.  Very  fine  capillary  tubes  were  drawn  and 
cut  off  so  that  the  capillary  did  not  exceed  2  mm.  in  length ;  they 
were  put  just  below  the  surface  of  freshly-distilled  water  contained  in 
a  boUing  tube  standing  in  a  thermostat;  the  minimum  pressure 
necessary  to  maintain  a  stream  of  air  bubl^fes  was  measured  by  means 
of  a  sulphuric  acid  manometer  3  metres  high.  A  similar  measurement 
was  th^  made  with  a  second  liquid,  and  the  ratio  of  the  two  pressures 
gave  the  ratio  of  the  surface  tensions.  For  pure  liquids,  the  method 
seemed  to  give  very  definite  results ;  the  following  is  a  comparison  of 
the  values  for  pyridine  with  those  of  Bamsay  and  Shields  (l^ns., 
1893,  63,  1089) : 

Mein  vnluo  Interpolated  Ram.s.^y 


Temp. 

y  by  tube  1. 

y  by  tube  2.  in  dynes/cm". 

value. 

and  Shields. 

39-94 

40-33 

401 

1712 

88*1 

88*40 

26-00 

87*04 

86-96 

87-0 

46-20 

88*8 

8417 

60-00 

33-05 

33-34 

33-2 

The  difference  between  the  two  sets  of  values  may  be  explained  by 
tho  fact  that  our  values  give  y  for  pyridine  in  contact  with  air,  whilst 
in  Bamsay  and  Shields'  experiments  it  was  in  contact  with  saturated 
pyridine  vapour.  The  mixtures  were  more  troublesome,  as  the  fine 
capillaries  soon  ceased  to  give  trustworthy  values.  The  reeults  are 
given  in  the  following  table  and  curve : 
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Tablb  VIL^iif^^  Tmtion  ^  Pyriditia^Walm'  MisUunt  <U  OP 

and  20<>. 


Valnea  at  0*.  Values  at  25*. 


1  cr- 

**IU  1 1 (.  U (HI 

Ill  1  ill  tJ 

Surface 

Mean 

^  1  1  1*1  1  !■ 

Surface 

perceniago 

teuaioa 

value 

leuaioo 

tension 

value 

of 

OJ 

by 

in 

oy 

by 

in 

pyridine. 

tabelL  dynw/om*. 

tab«L 

tube  II.  dynM/em^ 

0 

0 

76-49 

71-78 

4-92 

1-06 

59-3 

59-3 

55-6 

10-20 

2-52 

65-9 

55-9 

62-8 

52-8 

,10 -22 

8-98 

61-75 

51-86 

51-8 

47-85 

47*90 

47-9 

40-00 

1319 

61-4 

51-2 

51-3 

47-3 

47-5 

47-4 

49-27 

19  00 

50-2 

60-7 

60-5 

46-3 

47-0 

46-6 

60-16 

26*60 

49-4 

4ft  *8 

49-e 

45 

460 

46-8 

79*73 

47-28 

47'4 

47-4 

48*7 

48*7 

89  80 

66-69 

44-5 

44-5 

41-0 

41-0 

100-00 

100-00 

40-35 

39-95 

40-16 

36-95 

87-06 

37-0 

Fto.  6. 


-  — 

_j^es  at  0" 

values  < 

t  25" — 
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In  dilute  solvitious  of  pyridine,  foam  is  readily  formed  and  persists 
for  some  time;  in  stronger  solutions  tliis  tendency  disappeara. 

Marangoni  {Nnovo  Cim.,  1871-2,  5-6,  239)  and  Rayleigh  {Proc. 
Roy.  i^oCi  1889,  47,  281)  have  pointed  out  that  the  stability  of  a  film 
of  solution  probahly  depends  on  a  difference  in  concentration  between 
the  surface  and  the  interior  of  the  liquid.  Milner,  in  a  recent  paper 
{Phil.  Mag..  1007.  [v\]  13.  96),  shows  that  the  "surface  excess,"  that 
is,  the  number  of  gram-molecnlee  of  the  solute  which  :ire  drawn  out 
from  the  interior  in  the  formation  of  each  sq.  cm.  of  the  surfaoet  may 
be  calculated  by  meana  of  the  equation : 

1  dr 


whm  T  is  the  surface  tension,  e  the  concentration,  t  the  coefficient  of 
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ionisatioo,  M  the  oonstsant  of  the  gas  equattoD,  and  o*  the  surface 
excess. 

Thus,  if  the  surface  tension  varies  linearly  with  the  logarithm  of  the 
concentration,  the  surface  excess  will  he  constant.  This  condition  is 
fulfilled  approximately  by  dilute  solutions  of  pyridine  in  water,  and 
the  surface  excess  is  calculated  to  be  2x  10"*  gram«molecule  per  sq. 
cm.,  or  0*16  mUligram  per  sq.  metre. 

For  acetic  acid  dissolved  in  water,  Milner  found  an  excess  of 
3*3  X  10~*  gram-molecule  per  sq.  cm.,  or  0*2  milligram  per  sq.  metre, 
and  for  sodium  chloride  a  lAirfaoe  deficit  (since  the  surface  tension 

increases  with  concentration)  of  4*09  x  10~^'  gram- 
Fio  6.         molecule  per  sq.  cm.,  or  0*024  milligram  per  sq.  metre. 

If  we  take  the  thickness  of  the  surface  layer  as 
being  of  the  order  of  50  x  10~*  mm.  (Riicker,  Trans., 
1888,  53,  222),  the  excess  concentration  of  pyridine 
in  the  surface  layer  is  3*2  milligrams  per  c.c. 


£!UciricoU  Condwtivili/  of  Lithium  Nitrate  dissolved 
in  Fyridinc- Water  MixUures, 

The  conductivity  of  solutions  of  lithium  nitrate 
in  the  various  mixtures  was  determined  at  0"  and 
at  25^  by  the  ordinary  telephone  method.  In  each 
experiment,  a  one^ghth  weight-normal  solution  was 
made  op  in  the  manner  described  on  page  539, 
20  C.C  of  this  solution  were  then  introduced  into  the 
conductivity  cell,  and  successive  dilutions  were  per- 
formed by  means  of  two  accurately  calibrated  10  c.c. 
pipettes.  The  solvent  was  always  kept  in  the  same 
bath  as  the  solution,  and  the  dilution  was  carried 
on  in  all  cases  to     1024,  and  in  a  few  to  ^■>4096. 

As  the  conductivity  of  the  solvent  changed  quickly 
on  exposure  to  air,  owing  to  the  absorption  <^ 
carbon  dioxide,  a  conductivity  cell  of  the  form  shown  in  the  ao- 
companjing  diagram  was  used. 

It  was  found  very  convenient  to  havo  the  lid  <,n  oinid  on  outside  the 
cell.  The  celU  were  made  of  horohilic  itc  ghiss  hy  .Mr.  Baumbach, 
glass  blower  to  the  University  of  jMauche«ter,  who  also  made  most  of 
the  glass  apparatus  used  in  the  work. 

The  electrodes,  after  being  coat  el  with  platinum  black,  were  hented 
in  a  blowpipe  llame  as  recommended  l)y  Wiietham  (Phil.  Ti-aiis,,  lUOO, 
A,  194,  321),  in  order  to  avoid  the  possible  absorption  of  the  solute  by 
the  finely -divided  metal.    A  JSLbhler  bridge,  coil,  and  telephone  were 
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used,  and  a  dial  rosintance  box  made  by  Piml,  which  had  been  compared 
with  a  set  of  standard  reaietanceB  by  Bdlnumn. 

Three  aeparate  readinge  were  made  for  each  renttanoe,  and  they 
UBually  agreed  to  1  part  in  1000.  The  oondnctivity  of  the  solvent 
was  determined  at  intervals  during  the  dilations,  and  the  value  found 
was  Bubtraoted  from  that  of  the  solution. 

The  moleenlar  conductivity  was  then  calculated  with  the  help  of  the 
density  determinations  for  the  original  solution,  neglecting  the  change 
of  volume  which  takes  place  during  successive  dilutions.  The  error  thus 
introduced  falls  within  the  ezperimeatal  error  for  solutions  between 
iV/8  and  ir/l024.  The  constants  of  the  cells  used  at  0^  and  35** 
respectively  were  determined  frequently  during  the  progress  of  the 
eixperiments  by  means  of  JT/SO  potassium  chloride  solutions  made  up 
with  freshly-distilled  conductivity  water.  An  example  of  a  calculation 
is  given  to  make  the  procedure  quite  clear:— Sol u( ion  of  lithium 
nitrate  in  5'91  molecules  per  cent,  pyridine-water  mixture  ;  solution 
made  up  by  weight  to  contain  1  gram-molecule  of  litliium  nitrate  in 
8000  grams  of  solution;  the  density  of  solution  at  26  08°  was  found  to 
be  1*0062. 

The  determination  of  the  conductivity  of  the  original  solution  at 
25-08°  gave  the  following  results : 

Resistance  in  RnHgp  Bridge  Resiatanos  M^-an 

box,  in  ohnaa.  rc*uiiug.  reiiding  corrected.       of  cell.  reaiatance. 

57  60-26  00*06  67-21  — 

68  49  80  46*60  67*08  -  67'11 

66  50-70  50-50  57'18  — 

Resistance  of  cell  and  Issds    67  11 

Correctiou  for  leada   0*04 

67*07 

Spedfle  oondnetivity  of  solutions  calcnlated  by  cell  oonstnit  ...  0*007608 
Oorreetion  for  solveDt  eonductivily    0*000008 

0*007296 

MolMolar  eondnotlvity  a  68*00 ;  mi  s  0*6010. 

The  molecular  conductivities  at  various  dilutions  were  then  plotted 
against  (m  being  the  concentration  of  solute  in  i?ram-rnolorules  per 
litre),  and  from  these  curves  the  values  for  the  molecular  conductivity 
at  dilutions  8,  16,  32,  <tc.,  were  read  oif  and  the  values  for  infinite 
dilations  fotind  by  extrapolation.  Tlie  curves  for  solutions  of  lithium 
nitrate  in  water  and  i)i  31*28  per  cent,  mixture,  both  at  25*08°,  are 
given  in  Fig.  7  as  specimens. 

The  dotted  vertical  lines  represent  the  values  of  mi  corresponding 
with  V- 8,  16,  &c. 

The  reRultfi  of  the  conductivity  determinations  are  collected  in  the 

YOL.  XCIU.  O  O 
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following  table8,  and  cnrves  fnr  v=  oo ,  1024,  256,  64,  and  8  at  26  08** 
and  0°  are  shown  in  Figs.  8  and  9  on  pp.  554,  550. 
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Table  VIII. — Moleofdar  CondveiwUy  of  XflAlinn  NUraie  /^ohaion^ 
in  Pyridm€'Wiea«r  Mixkum  ai  25*08°. 

Molecnlar 

}>rrcenUKe  MdecuUur  oondnotivitj  at  various  dilntioiia. 


of  pyridine 

in  solvent. 

r=  00 . 

1024. 

512. 

256. 

128. 

64. 

32. 

16. 

8. 

0*00 

109*4 

108*3 

107*1 

106*8 

108-7 

101*8 

98*8 

94-6 

89-7 

68*6 

68-'l 

68-17 

67 -6 

66-45 

6.«)-0.'> 

63-25 

60-95 

58-05 

14*47 

47-6 

47-40 

47-20 

46  b5 

46-15 

44-90 

48*60 

41-75 

89-40 

81*28 

82-4 

82*4 

82*4 

82*1 

81*4 

80*4 

29-05 

27-85 

25  20 

40  64 

31-8 

31-6 

31-5.') 

3115 

.'iOlO 

28-75 

27  15 

25-10 

22 -KG 

46-67 

•32  0 

31-9 

31-7 

31  -2 

30-0 

28-4 

26-6 

24  ■3.'i 

21-50 

r»i  -35 

33-9 

33-5 

32-8 

81 -h 

30 -.'i 

28-6 

26-4 

24-2 

21*2 

63-77 

87*6 

86*8 

85  4 

84-0 

3r» 

29-6 

27-1 

28*9 

20*0 

73-76 

48-0 

41-6 

39 -G 

87  0 

.S3 -8 

30-8 

26-8 

22-9 

191 

81*27 

64*0 

42-7 

39-7 

86  7 

82-7 

28-6 

24  6 

20-8 

16*7 

88*08 

60*0 

44*2 

40-4 

86*2 

31*9 

27*6 

23*8 

19*8 

16*6 

89*75 

76*0 

48*9 

37*8 

82*8 

27*1 

22-8 

18*8 

14*9 

11-7 

Ta  BLE  IX. — AfolectUar  Conductivity  of  Lithium  XilralA  SoIuUouh  in 

Pyrulim-WaUr  Mixtures  at  0". 


Molecular 

percentage  Holeeiilar  oondactiTity  at  Tarions  dilations. 

of  pyridine 


in  solvent. 

1024. 

512. 

256. 

128. 

64. 

82. 

16. 

8. 

0*00 

67*10 

66*95 

66-65 

66*76 

64*80 

68*66 

62*20 

60-26 

48-16 

5-91 

29  sf) 

2n-8r. 

29 

29  63 

29  a.' 

■28-92 

28-30 

27  64 

•26  75 

14*47 

1 1»  -05 

19  (If. 

19U5 

19  0.'» 

1 8  ht) 

IS -66 

18-30 

17  77 

1710 

81  -28 

13-25 

13  25 

13-26 

13-15 

12-96 

12-60 

12  18 

11-60 

10-80 

40-64 

18*40 

13-36 

18*80 

18*20 

12*96 

12  50 

1 1  -85 

11  05 

10-00 

46-«7 

12-85 

12-10 

11  26 

10-20 

54  35 

16  25 

16-10 

16  05 

15-85 

15-25 

14-30 

13  25 

12-10 

10*75 

68*77 

21*2 

20-6 

20*0 

19*07 

17^6 

16*70 

16*36 

1875 

11*80 

73  76 

27-5 

24  7 

23-6 

22-25 

20-65 

IS  75 

16-75 

14  70 

12-30 

81*27 

34  0 

28-3 

26-8 

24*5 

22-07 

19-55 

17-13 

14-60 

11-80 

88*98 

89*0 

29-9 

27-7 

25-8 

22*6 

197 

171 

14*4 

11  60 

89*76 

46*0 

80*6 

27*4 

24-0 

20*8 

17*6 

14*8 

12*0 

9*26 
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An  attempt  was  made  to  carry  out  a  set  of  determiiiatioiui  in  pare 
pyridine,  and  the  molecular  oonductivity  of  an  iV/8  solution  at  0^  and 
25^  was  found  to  be  1*51  and  2*26.  It  was  impossible  to  perform  a 
set  of  dilutions,  as  the  pyridine  absorbed  teaces  of  moisture  very  rapidly, 
and  the  addition  of  small  quantities  of  water  was  found  to  ezerta  con- 
siderable  influence  on  the  oonduotivity  of  the  lithium  nitrate  solution. 
For  instance,  the  Addition  of  0*1  per  cent,  of  water  to  the  solution  in 
pore  pyridine  increased  the  conductivity  by  33  percent.  The  unavoid- 
able absorption  of  moisture  during  the  dilutions  would  thus  have 
rendered  the  results  valuelesa  The  very  low  conductivity  of  lithium 
salts  dissolved  in  pyridine  was  noticed  by  von  lAszczyiiski  and  von 
Gkwski  {Miteh.  MMOroehmn.,  1897,  4,  290). 

As  the  accuracy  of  the  values  given  for  the  conductivity  in  the  more 
dilute  solutions  depends  to  a  great  extent  on  the  accuracy  with  which 
the  solvent  oorrection  was  determined,  great  care  had  to  be  taken  to 
check  this  at  intervals,  as  the  condactivity  of  pyridine  mizturoB, 
particularly  of  those  coDtaioing  a  small  percentage  of  pyridine, 
changeR  very  quickly  on  exposure  to  atmospheric  carbon  dioxide. 

The  following  table  gives  some  idea  of  the  relative  importance  of 
the  solvent  corrections  in  the  various  mixtures  : 

Table  X.—J^p^cySe  CandveUtU^     Pyridins-Wat§r  Migsturu. 

Molocular  percentage  of  pyridine : 

0  00  5*01  14-47  ?1  •28  40-64  46-67  54*85  63*77  78  76  81*27  88*98  89*75  100*00 

Spedfie  eondaetivity  at  0*  in  gemmlioe  : 
1*6   4*6     3  1     1-8     1  1     0*7     1*1     0*8     0*6     0*6     0*4     0*8  0*2 

Specific  conductivity  at  26°  in  gemmhos  : 
2-2   8-6     6-7     4-1     2*3     1  2     12     0  6     07     0  9     00     0'4  OS 

It  will  be  noticed  that  the  numbers  do  not  always  show  a  regular 
variation  with  comf>osition,  as  in  some  cases  the  mixture  had  been  kept 
longer  than  in  others,  and  had  absorbe  l  traces  of  carbon  dioxide. 

In  the  case  of  solutions  at  0*^,  the  value  of  the  molecular  con- 
ductivity at  infinite  dilution  is  clearly  indicated  by  the  form  of  the 
curve  (see  Fig.  7)  until  the  mixture  containing  73*76  molecules  per 
cent,  of  pyridine  is  reached,  but  beyond  that  it  is  only  approximate. 

At  25'^,  more  difficulty  was  found  with  the  solvent  correction,  and, 
ionisation  bfing  less  complete  than  at  0'^,  the  numbers  given  for 
infinite  dilutions  are  not  so  f\ccurate,  hut  as  far  as  65  molecules  per 
cent,  of  pyridine  thoy  involve  only  a  siuali  amount  of  extrapolation. 

In  order  to  show  the  influence  of  the  solvent  and  of  the  concentra- 
tion on  tiie  molecular  conductivity,  curves  have  been  drawn  giving 
the  values  of  A  at  dilutions  v»oo,6i,  256,  1024, and  qq  at  0""  and  25'' 
in  Figa.  S^and  d. 

O  O  2 
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At  infinite  dilution,  the  molecular  conductivity  falls  to  a  tninimutn 
in  the  neighbourhood  of  40  molecules  per  cent,  of  pyridine  and  then 
rises  again,  the  direction  of  the  curve  iudicatiog  that  in  pure  pyridine 
it  would  have  a  value  not  far  removed  from  that  found  in  water. 

At  lower  dilutions,  the  eurves  are  less  stmple,  the  alterations  in  their 
form  being  lat^ely  due  to  the  falling  off  in  ioniaation  as  the  solvent 


FiQ.  8. 
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becomes  rich  in  pyridine.  For  instance,  at  0°  the  values  at  dilution 
v  =  S  f:i1l  to  a  minimum  at  -ll  molecules  per  cent.,  riso  n<^'ain  to  a 
maximiiui  at  74  molecules  per  cent,  of  pyridine,  nud  then  tall  again 
until  the  pyridine  end  is  reached.  At  25",  at  the  same  dihition,  tho 
maximum  and  minimum  have  di>;ajipeared,  and  the  curve  shows  a 
^oint  of  inflexion  a*.  60  molecules  per  cent,  of  *  pyridine. 
The  causes  of  these  complex  variations  are]|disoussed  later  (p,  558). 
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JHteuarian  qf  BentUs, 

1.  Molrcniar  Conductivitij  at  InJiniU  Dilution. — It  has  been  nhowu 
bj  tioustield  (zfeiiscA.  phijsihal.  f7A«/n.,  1905,  53,  257;  Phil.  IVana., 
1906,  A,  206,  101)  aud  by  PoUat  iro7npi.  rend.,  1907,  144,  902) 
that  the  application  of  Stokes'  thtorrui  respecting  the  limiting 
velocity  of  a  small  ^[JhL're  moving  imder  a  constant  force  in  a  viscous 
medium  to  the  motion  of  ions  in  solutioas  is  of  great  value  in 
studying  tho  various  causes  which  may  uffect,  the  mobility  of  an  ion, 

'['lie  limiting  velocity  of  a  small  sphere  of  radius,  r,  moving  in  a 
medium  of  Yisoosity,  ift  under  a  constant  force«      is  proportional 

to  £.  If  we  apply  tlds  to  the  caae  of  an  ion  monng  with  a  splmioal 


Mr 
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eolrent  atmosphere  suTounding  it,  the  mobility  of  the  ion  will  depend 
on  the  Tiioofiity  of  the  solution  and  of  the  siie  of  the  solvent  envelope. 
Thus  the  three  factors  which  determine  the  condnctiTity  of  a  eolation 
ooDtaining  two  nnivalent  ions  are:  (1)  the  coefficient  of  ionisation; 
(2)  the  viscosity  of  the  solution,  and  (3)  the  average  else  of  the 
solvent  atmosphere  snrronnding  the  two  ions. 

If  we  consider  the  same  pair  of  ions  in  varions  solvents,  such  as  a 
eeriee  of  mixtures  of  pyridine  and  water,  differences  of  ionisation  are 
eliminated  at  infinite  dilution,  and  any  changes  in  the  value  of 
molecular  conductivity  in  the  difforent  mizturee  must  be  due  to  differ- 
ences in  viscosity  or  in  the  solvent  atmospheres  attached  to  the  ions. 

If  {/«  and  L/'k  are  the  absolute  velocities  of  anion  aud  cation  under 
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unit  potential  gradient,  r„  and     the  average  radii  of  the  two  ions, 

and  Tj  the  viscosity  of  the  solvent : 

tlien  Urn  -  C-    and  IT^  «  C  — ,  where  C  is  a  eonrtant  for  univalent  ions, 

and, since  Aoo  -  Qi^  n  +  f'ji),  where  Q  is  the  charge  liberated  by  1  graia- 
equivalent  of  a  univalont  ion, 


If  ra  and  ru  do  not  vary  with  tho  composition  of  the  solvent,  then 
Aqq  X  iy  must  remain  constant,  any  variation  in  this  ({uantity  indicates 
a  change  in  the  size  of  the  solvent  envelopes  attached  to  the  ions. 

The  values  of  Aoo  x  viscosity  of  solvent  relative  to  water  have 
been  oolleoted  in  table  XI  for  0""  and  25"",  and  they  are  plotted  on 
the  dotted  com  in  Figs.  8  and  9  (lebitive,  instead  of  absolute, 
values  of  the  visoosity  were  taken  for  convenience  in  plotting  on  the 
same  scale  as  the  vsat  of  Figs.  8  and  9) : 


Tabus  XI. — Molecular  ConducUvUp  tU  Ir^mdte  DUuUon,  Visco8Ujf» 

and  A(x>  X  ^'^^  IMiiivm  NUiraU  Sdutwni  in  Pj/ridtm- 
fFafer  Miasturw  at  0°  and  25  08^ 


yahips  at  25' 


Molecular 

r 

l>ercentage 

Moleovlsr 

Molecolsr 

cradnativitiy 

ViBooslty 

conduotivity 

Ylsoonty 

I^yridiii* 

at 

in 

at 

in 

Aoo 
if'Solvent 

in 

infinite 

abiioiute 

i|-solveut 

iufinit« 

absolute 

solvent. 

dflntlon. 

nnits. 

iTwater. 

dilntion. 

aniCa 

vwater' 

0  00 

67-10 

0-01778 

57  1 

109*4 

0*00890 

109*4 

6*91 

29-85 

0-03280 

56-0 

68*6 

0-01889 

106-9 

14*47 

19-05 

0-04785 

50-7 

47*6 

0-01890 

100-9 

81*28 

18-26 

0*06686 

41*8 

82*4 

0'02226 

81*0 

40-64 

18*40 

0*04990 

87*6 

31-8 

0-02060 

78-6 

46-67 

32-0 

0-01920 

69-0 

54-35 

16-26 

0-08625 

88-1 

33-9 

0-01713 

65*3 

63-77 

21*2 

0-02670 

32-0 

37*6 

u-oi4r>i 

61-0 

73-76 

27-5 

0-02055 

32-0 

46-0 

0-01194 

61-5 

81-27 

34  0 

0-01746 

33-5 

640 

0-01066 

66-0 

88*98 

89*0 

0*01646 

86-0 

60*0 

001029 

69-0 

89*76 

46*0 

0*01466 

88*0 

76*0 

0*00964 

81*0 

The  form  of  the  curves  shows  that  at  both  temtisratureSy  as  the. 
amount  of  pyridine  in  the  solvent  increases,  the  atmospheres  attached 
to  one  or  both  ions  Increase  also  until  the  solvent  contains  about 
67  molecules  per  cent,  of  pyridine,  at  which  ooncentration  the 
increased  leading  of  the  i<N>s  has  been  such  as  to  reduce  the  sum  of 
the  mobilities  of  the  ions  to  about  66  per  cent,  of  their  value  In  water. 
The  agreement  between  the  two  temperatures  both  as  to  the  position 
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of  the  minimqm  and  as  to  the  calcnUied  change  of  atmosphere  in 
nthv  rtrikiiig. 

After  67  molecules  per  cent,  of  pTridine,  the  atmospheres  ileoreaie 
again  in  both  cases,  and  the  direction  of  (he  curves  indicate  that  in 
pore  pyridine  they  would  return  to  a  value  approximately  the  same  as 
in  water.  As  we  were  not  able  to  determine  the  transport  numbers 
of  the  two  ions,  we  can  only  consider  the  collectiye  effect  on  their 
mobilities. 

2.  C^^fimmU  iff  Jamaaiion, — The  ordinary  equation  used  in  calcu- 
lating the  coefficient  of  ionisation: 

A. 

neglects  changes  in  the  mobilitiee  of  the  ions  at  different  concen- 
trations due  to  changes  in  the  ▼iscosity  of  the  solution,  and  to 
▼ariations  in  the  sise  of  the  solvent  atmosphere  attached  to  them 
(Bousfield,  he,  cU,).  In  the  case  of  dilute  aqueous  solutions  (between 
««b8  and  1024),  the  changes  in  viscosity  are  relatively  small,  and  may 
be  neglected  except  in  the  most  accurate  work,  but,  in  the  case  of 
solutions  in  pyridine-watsr  mixtures,  reference  to  the  viscosity  curve  in 
Figs.  3  and  4  will  show  that  these  viscosity  changes  are  much 
greater,  and  must  be  taken  into  account  in  calculating  «.  Assuming 
that  the  mobility  of  the  ion  varies  inversely  with  the  viscosity  of  the 
medium,  wsrhave  calculated  a  by  the  formula : 

A«     viscosity  of  solution 

_    j_       M^BM    W  —   ■  ■■  ' 

Am     viscosity  of  solvent  * 

The  numbers  obtained  in  this  way  are  given  in  the  following  tables 
for  0"  and  26®: 


Table  XIL^oefMentB  ^  lommUian  in  Liihium  NUrai$  SoluHana 

at  26-08^ 


Moloenlar 

p«rcen  t  age  GoefficiMit  of  ioniaatton. 

of  pyridine  *  "'  --^^ 


in  wlvBDt  rsl024. 

612. 

266. 

128. 

64. 

82. 

16. 

8. 

O'OO 

0-993 

0-980 

0-966 

0-949 

0*928 

0*902 

0*870 

0-832 

5-91 

0  999 

0-996 

0-988 

0-972 

0-954 

0*981 

0*905 

0-876 

14-47 

0-998 

0-994 

0-988 

0-974 

0-950 

0-925 

0*896 

0*862 

81*38 

1-000 

1-000 

0-9P3 

0-973 

0-945 

0-909 

0-869 

0-8-24 

10-64 

0-995 

0-994 

0-982 

0  95 -J 

0  915 

0-874 

0-826 

0*778 

4t)-tf7 

0-998 

0  992 

0  978 

0-943 

0-898 

0-850 

0-796 

0*784 

64*86 

0-989 

0*969 

0*941 

0*906 

0*868 

0*796 

0-746 

0-682 

n8-77 

0-955 

0-945 

0-909 

0-855 

0-798 

0-738 

0-664 

0-578 

73-76 

0-905 

0-860 

0-806 

0-740 

0-665 

0-590 

0-520 

0-455 

81-27 

0-79 

0-73 

0*68 

0-61 

0*68 

0*47 

0*40 

0*84 

83  -98 

0-74 

0-67 

0-60 

0-54 

0-47 

0-40 

0-34 

0-29 

8»-76 

0-67 

0-6Q 

0-4S 

0-66 

0-31 

0-26 

0-21 
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Tablb  XIII. — CoeJici&tiU  of  louisatiou  in  Liihiutn  NiiraU  <Sol%Uions 

at  0° 


MoUeolar 

of  pyridine 

Oooflleient  of  iouiMttoD. 

- 

—  —  

16. 

in  solvent,  i 

r=  1024. 

256. 

1:^8. 

t>4. 

32. 

8. 

0*00 

0-997 

0*990 

0*976 

0*960 

0-940 

0-915 

0*882 

0*847 

5-91 

1000 

0-997 

0-993 

0-98:} 

0-969 

0-950 

0*927 

0*898 

14-47 

1-000 

1-000 

1-000 

0-991 

0-981 

0-964 

0*939 

0-910 

31-28 

1-000 

1000 

(••994 

0-981 

0-958 

0*1»33 

0-902 

0*864 

40*64 

0  998 

0-994 

0-987 

o-;'7i 

O-lU-2 

0-902 

0*857 

0-805 

64-85 

0-991 

0-P8P 

0-978 

0-94.S 

0-889 

0S;v2 

0-775 

0*716 

68-77 

0970 

0*945 

0-900 

0-850 

0*795 

0-740 

0*680 

0*606 

78-76 

0*916 

0-875 

0-825 

0-770 

0-705 

0-640 

0-580 

0*610 

81-27 

0-68 

0-79 

0-72 

0-65 

0-58 

0*52 

0*45 

0*38 

83-98 

0-77 

0-71 

0-66 

0'68 

0-61 

0*45 

0-39 

0*38 

89-75 

0-68 

0-61 

0*54 

0-47 

0*40 

0-84 

0*28 

0-23 

W«  were  unable  to  take  aooount  of  the  variation  of  ionio  aiae  ivith 
dilation,  but  Bousfield's  resttlts  indicate  that  this  would  not  be  large 

within  the  range  over  whidi  we  worked. 

It  will  be  seen  that  in  all  cases,  iooisation  is  more  complete  at  the 
lower  temperatures  and  that  dilute  pyridine  solutions  in  water  have  a 
greater  dissociating  power  than  water  itself,  but,  as  the  proportion  of 
pyridine  iiioieatieb,  thn  ionisation  quickly  falls  oflF. 

Having  now  traced  the  effects  due  to  viscosity,  ionic  size,  and 
ionisation,  we  can  examine  the  causes  which  have  determined  the  form 
of  the  molecular  conductivity  curve  given  in  Figs.  8  and  9.  If 
WH  consider  the  variations  of  viscosity  and  of  the  ionic  atmospheres 
with  solvent  <  oiuposition,  we  see  that  their  joint  effect  must  tend  to 
produce  a  minimum  value  of  the  molenular  conductivity  in  the 
solvent  contiviuin^^'  about  40  molecules  per  cent,  of  pyridine,  as  is  the 
case  at  intinite  dilution  ;  at  all  other  dilutions,  this  effect  is  further 
complicated  liy  viiriatious  in  the  coefficient  of  ii»ni>;ition,  thus  explaining 
why  all  the  curves  except  those  for  Aqq  show  either  a  minimum  and 
a  muxiinuin  (compare  at  O'^  and  25°)  or  a  point  of  iotiezion 
(compare  Ag  at  25°). 

In  order  to  tjhow  the  relative  importance  of  each  of  the  three 
factors,  Fig.  10  has  been  constructed,  in  which  the  thick  curves  give 
the  relative  values  for  Ag  at  0'^  and  25°  in  various  solvent  mixtures, 
and  the  three  other  curves  give  the  relative  values  of  the  ooeffioient  of 

ionisation,  of  the  quantity        >^  T^^^^^^  i^n^  fluidity  of 

the  soitttion,  the  water  value  being  put  at  100  in  each  case  for 
purposes  of  a  convenient  comparison. 

It  is  seen  that  at  0"  the  molecular  conductivity  falls  off  quickly, 
owing  to  the  decrease  in  fluidity  and  the  increasing  atmospheres  carried 
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Ijy  tiie ions, the  f  aIIiiilt  off  bein;.'  |  ai  Lly  couuteracted by  an  increase  in  the 
coefficient  of  ioniaation  ;  at  4 1  molecules  per  cent,  of  pyridine,  the  value 
of  Ag  reaches  a  minimum,  and  the  subsequent  increase  is  due  to  an 
increase  in  liquidity,  which  is  slightly  helped  by  a  decrease  in  the  size 
of  the  ionic  atmosphei^,  but  the  increase  is  checked  at  74  molecules 


FiQ.  10. 


10      20     30     40     ^     60      70      80     90  100 
MoleculAr  Percentage  of  Pjfridine 


per  cent,  of  pyridine,  owing  to  the  rapid  falling  off  of  the  ioniaation 
and  Ag  decreases  nntil  in  pure  pyridine  it  .is  only  3  per  oeni,  of  its 
value  in  water. 

At  25°,  the  curve  for  Ag  falls  off  gradually  with  a  point  of  inflexion 

in  tlie  neighbourhood  of  60  molecules  per  cent,  of  pyridine,  as,  owing 
to  the  changes  in  fluidity  and  the  values  of  a  being  smaller  than  in 
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the  eolation  at  0^  thefe  Is  no  minimnm  and  maTimwm  in  tiie  middle 
part  of  the  ovawo, 

Jietidta. 

1.  The  density-concentration  curves  for  mixtures  of  water  and 
pyridine  have  been  traced  at  0^  aud  25*08°,  both  corvee  showing  a 
maximum  deviation  from  the  line  joining  the  end  values  in  the 
neiglibourhood  of  30  molecular  percentages  of  pyridine. 

3.  The  viaoosity-concentration  carves  for  similar  mixtures  have 
been  traced  at  the  same  temperatures,  the  maximum  deviation  again 
oceorrtng  in  the  neighbonrhood  of  30  molecular  peroentagee  of 
pyridine  at  both  temperatures. 

3.  In  neither  of  the  above  cases  was  any  evidence  found  of  the 
existence  of  the  discontinuities  mentioned  by  Duostan,  Thole,  and 
Hunt  {loe»  cU,), 

4.  The  snrf^  tension  of  mixtures  of  pyridine  and  water  has  been 
determined  at  0^  and  26^,  and  the  *'  surface  excess "  of  pyridine  in 
dilute  solutions  has  been  caleulated  to  be  0*16  milligram  per  aq. 
metre,  corresponding  with  an  increaae  of  concentration  of  8*2 
milligrams  per  co.  in  the  surlsce  layer, 

5.  The  molecular  conductivity  of  lithium  nitrate  dissolved  in 
pyridine-water  mixtures  has  been  determined  at  0^  and  25^  at 
dilutions  varying  from  v=»8  to  t;=1024,  and  the  values  at  infinite 
dilution  have  been  obtained  by  extrapolation. 

6.  The  variaLion  of  ihe  sum  of  the  iooic  mobilities  at  iutinite 
dilution,  due  to  chaoges  in  the  size  of  the  solvent  atmospheres  attached 
to  the  ions,  ha«  been  estimated  for  these  solutions  by  means  of  iStokes's 
theorem. 

7.  It  baa  been  shown  that  the  form  of  the  molecular  conductivity 
curves  for  these  solutions  may  be  explained  as  the  result  of  variations 
in  the  coefficient  of  ionisatiou,  the  fluidity  of  the  solution,  and  the 
aggregation  of  solvent  particles  round  the  ions. 

We  intend  to  continue  this  investigation. 

We  desire  to  express  our  best  thanks  to  the  iiesearch  Fund 
Committee  of  the  Chemical  Society  for  a  grant  which  defrayed  part  of 
the  expenses  of  this  investigation,  and  also  to  Mr.  D.  H.  Nagel,  M.A., 
Trinity  College,  Oxford,  for  much  valuable  advice  during  the  progress 
qH  the  work. 

Physical  OnsMtsTaT  LABosasoaY, 
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LI. — The  Viscosity  of  Aqueotis  Pyridine  Sohuions, 

By  Albert  Ebnbst  Dunstan  aud  FekdiiNand  Bbknakd  Thole. 

In  the  preceding  paper  (compare  also  Proc,  1908,  24,  22),  Hartley, 
Thomas,  and  Applebey,  dealing  with  the  viscosity  of  aqueous  solutions 
of  pyridinoi  point  out  that  the  rwults  they  obtained  showed  consider* 
able  discrepancies  when  compared  with  those  brought  forward  by 
DansUn,  Thole,  and  Hunt  (Trans.,  1907,  91,  1728),  in  that  tbe  latter 
authors  bad  represented  tbe  TisooBity  curve  as  disoontinuoua,  whereas 
they  found  that  their  ezperiniental  points  lay  on  a  smooth  curve. 

It  is  obvious  that,  although  for  the  sake  of  dearness  tbe  curve 
obtained  by  Dunstan,  Tbde,  and  Hunt  was  shown  in  discontinuous 
sections,  yet  could  sufficient  points  be  determined,  eacb  section  would 

Fiu.  1. 
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1100 
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gi-adually  merge  into  the  next.  Id  reality,  the  dibcoutinuous 
extremities  are  of  the  nature  of  tangential  prolongations  of  the  sotually 
continumis  sections  of  the  curve. 

The  prooent  authors,  however,  thought  it  advisable  to  repeat  their 
work  up  to  concentrations  of  60  per  cent,  of  pyridine,  for  beyond  this 
point  their  curve  agrees  sufficiently  well  with  that  of  Hartley,  Thomas, 
and  Applebey. 

The  foUowing  are  tbe  numbers  obtained : 


Percentage 

Perceutagu 

of  pyridine. 

Deiiiity  '•^/4. 

Viscosity. 

of  pyridine.  Density  *^/^. 

viscosity. 

0-0 

0*9972 

0-00891 

35-49 

1  0023 

0  01776 

i*98 

0*9988 

0*09910 

87*87 

1  0026 

0*01880 

10*01 

0-9993 

001136 

40  18 

1-0026 

0  01884 

15-09 

1  000-2 

0  01262 

45  03 

1  00-27 

0-0200.^ 

15-57 

rooo3 

0-01270 

50-03 

1  U02b 

0  02100 

2:i-87 

1  -0014 

0  01485 

55-19 

1  -0026 

0-02194 

30  0-2 

10018 

0-01620 

1  0024 

0  0-2259 

^5-23 

1-0025 

0-01780 

lUO  00 

0  97t>a 

0  00879 

1  L  1  1  L  I  J  I  i_ 
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rerccnUiyc  of  ryndinc, 
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Thd  new  eorve,  Fig.  1,  agrees  very  well  with  the  original  one.  There 
are  the  same   discontinuitiee  "  at  about  10  per  cent,  and  32  per  cent. 

of  pyridine,  although  the  material  used  (obtained  by  distilling 
Rahlbaum's  purest  product  over  pota»Biuai  hydroxide)  had  a  slightly 


Fio.  2. 
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Full  curve  :  Dunstan  and  Tholo  

Dotted  ,f  and  Huut    >  .  •  • 

Dot  and  daah  onrre :  HartUj,  ThcmaB,  and  Applebty  —  •  — 

higher  bcnling  pmnt,  116^/782  mm.»  and  a  lower  density,  namely, 
0*9763,  than  oitr  preTiona  aample  (1 14*4 — lU'8°/768  nun.  and  0*9783). 

As  a  niatter  of  fact,  it  should  be  mentioned  that  our  original  curve 
and  Hartl^,  Thomas,  and  A{ipleb6y's  are  by  no  means  strikingly  die- 
erepent,  for  fonrtee  ^  of  onr  points  lie  on  or  very  near  to  his  curve  and 


Digitized  by  Google 


ACTION  OF  TniONVL  CHtX>RIDE,  ETC.,  ON  CATECHOL  ETHERS.  563 


only  two  are  well  off  it  Moreover,  we  made  a  larger  nimiber  of 
determinationa  and  drew  our  curve  bj  the  aid  of  a  flexible  laib. 
The  difference  is  really  n  matter  of  interpretation  of  results :  whether 
it  is  valid  or  not  to  regard  as  permissible  the  existence  of  sections  " 
in  a  curve  conoeeting  a  physical  property  and  percentage  composition. 
This  we  submit  is  a  matter  for  individual  judgment. 

It  should,  however,  be  borne  in  mind  that  the  "  discontinuities  " 
are  very  small  in  comparison  with  the  general  appearance  of  the  enrv^ 
and  are  of  slight  importance  so  far  as  our  general  conclusions  are 
concerned.  Quite  recently,  Kremann  {MonaUh.,  1907,  26,  881)  in  an 
elaborate  survey  of  the  question  as  to  the  existence  of  molecular  com- 
pounds in  solution  has  accepted  these  conclusions  and  confirmed  them 
by  a  considerable  amount  of  experimental  data.  Hartley,  Thomas, 
and  Applebey's  work  also  confirms  our  conclusion  that  pyridine-water 
falls  into  Glass  II  of  our  system. 

Further  support  is  afforded  by  the  work  of  Holmes  (Trans.,  1906, 
89,  1774),  who  obtained  a  density  curve  for  pyridine-water  which  is 
dtstiaetly  discontinuouB. 

Lastly,  Hartley,  Thomas,  and  Applebey's  own  results  show  a 
discontinuity  at  approximately  the  same  position  as  one  of  ours 
(see  Fig.  2),  although  it  is  difficult  to  find  the  others,  owing  to  the  lack 
of  sufficient  points. 

East  Ham  Tp.cunioal  Collbos, 
£ast  Ham,  E. 


LI  I. — TJie  Action  of  Thionyl  Chloride  and  ofPliospltoi'US 
Pentachloinde  on  the  Methylene  Etiiers  of  Catechol 
Derivatives. 

By  QioBOB  Babgbr. 

The  synthesis  of  compounds  containing  an  ortho-dihydroxybenzene 
nnclen??  is  generally  attended  with  difficulty  owing  to  the  instability  of 
this  nucleus.  Ou  tiie  other  liund,  tlie  methylene  ethers  of  many  such 
compounds  are  easily  obtainable  from  piperonal,  which  substance, 
like  heiizildehyde,  readily  uii'leii,'oes  a  variety  of  reactions.  The 
tran>torn)ation  of  tlio  motliykne  ether.s  into  tlic  phenolif  eomponnds 
presents,  however,  con.Niilt  i mM*' ditrwulty.  Altlio\i<T;h  the  metliyiene 
group  is  somewhat  move  easily  re  moved  than  methyl  groups,  the 
usual  reagents  for  the  preparation  of  phenolic  compounds  from  the 
corresponding  alkyl  ethers,  generally  bring  al>out  the  disruption  of 
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t.he  molecule,  when  applied  to  catechol  derivatives.  One  of  the  few 
examples  of  the  succeRsfiil  application  of  such  reagents  is  the 
prepai-ation  of  protocateohualdehyde  from  piperonal  by  heating  with 
dilute  hydrochloric  aeid  or  with  acid  salts  to  150 — 190°  (D.R.-P. 
16764  of  1904). 

A  peculiar  reaction  of  the  methylene  ethers  of  catechol  deriva- 
tives was  diaoovered  long  ago  by  Fittig  and  Remaen  (ilnno^  1871, 
169, 144),  and  applied  by  them  to  piperonal  and  to  piperonylio  add. 
By  heating  the  former  snbataoee  with  phoephonu  pentachloride,  they 
obtained  a  tetraofaloro-deriyative,  whi^  undoubtedly  has  the  oonati- 
tution  d^rOrO^O^H^'OHOI,.  By  treatment  with  cold  water,  two 
chlorine  atoms  are  replaced  by  an  oxygen  atomi  and,  according  to 
Fittig  and  Remsen,  this  snbstaace,  termed  diofaloropiperonal,  has  the 
constitution  C\^:o:Ofijai^*CBO»  By  boOing  water  it  is  hydrolysed 
to  carbon  dioxide^  hydrochloric  acid,  and  protocateohualdehyde, 

Beeently,  Pauly  (i?sr.,  1907,  40,  3006)  has  examined  this  reaction 
more  doeely,  and  described  an  interesting  intermediate 'oompound. 
He,  for  the  first  time,  obtained  dichloropiperonal  quite  pure  (by  distil- 
lation under  reduced  pressure)  and  was  further  able  to  replaoe  the 
remaining  pair  of  chlorine  atoms  of  this  substance  by  an  oxygen 
atom  (by  heating  with  anhydrous  oxalic  add,  and  by  oiher  means). 
Pauly  thus  obtained  the  cyclic  carbonate  of  protoeatediualdehyde, 

When  boiled  with  water,  this  substance  breaks 

up  into  carbon  dioxide  and  protooatediualdehyde,  and,  for  this  reason, 
escaped  the  notice  of  Fittig  and  Bemsen. 

With  the  view  of  preparing  other  catechol  compounds  from  the 

corresponding  methylene  ethers,  the  author  was  led  to  investigate  the 
action  of  thionyl  chloride,  in  consideration  of  the  fact  that  the  latter 
substance  has  often  shown  itself  superior  to  phosphorus  pentachloride 
in  the  preparation  of  arid  chlorides.  In  a  preliminary  experiment, 
thionyl  chloride  was  caused  to  act  on  piperonal.  Up  to  150°,  scarcely 
any  action  took  place,  but  at  180^  an  almost  quantitative  yield  of 
"dichloropiperonal  '*  was  obtained  on  removal  of  the  excess  of  thionyl 
chloride  employed.  The  effect  of  heating  with  thionyl  chloride  was 
therefore  the  same  as  heatin<?  with  phosphorus  pentachloride,  and 
subfseqnent  treatment  with' cold  water.  When  substances  containing 
two  catechol  nuclei  woro  oinjtloyed,  such  as  piperonyl'dn,  some  difli- 
culty  was  at  fust  oxr'erienced  in  interpreting  tlie  reaction.  By 
iieating  with  thionyl  chloride,  piperonyloin  yielded  a  substance  con- 
taining only  two  chlorine  atoms.  Since  boiling  water  converted  the 
dichloro-compound  into  a  substance  with  two  free  catechol  nuclei,* 
both  methylene  groups  had  -been  attacked  (as,  indeed,  one  might 
*  Aa  Mcimat  of^tbew  aa  l  aiaiUr  tabstsneMjiritl  be  pabliahedlstor. 
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expect).  On  Fifetig  and  Bemsen's  view^  the  gubstanoe  Bhould  therefore 
have  contained  four  chlorine  atoms,  and  the  question  arose  whether 
''diehlonqnperonal "  is  not  in  reality  the  cyclic  carbonate  of  jnperonyl" 
idene  chloride,  and  whether  it  should  not  be  formulated  as 

o:c<2>CeH,-cHci„ 

instead  of  CljiIC^^^CfH^'CHO,  as  supposed  by  Kittig  and  KemHon 

(and  also  by  Fauly).  Further  experiments  seem  to  leave  no  doubt 
that  the  former  ccmstitution  ie  the  correct  one.  That  thionyl  chloride, 
or  phosphorus  pentachloride  and  cold  water,  transforms  methylene 
ethera  of  catechol  derivatives  into  the  corresponding  cyclic  carbonates 
was  proved  by  their  action  on  methylenedioxybenaene  itself,  and 
on  piperonylic  add.  Phoephoros  pentachloride  converts  methylene- 
dioxybensene  into  a  chloro-derivative  of  the  probable  constitution 

Cl^IC^^^CfU^,  and  this  is  changed  by  cold  water  to  a  chlorine-free 

subatance.  the  cyclic  carbonate  of  catechol,  OlC<C^^i^Ji^t  which 

has  already  been  prepared  by  the  action  of  earbonyl  chloride  on  the 
flodinm  derivative  of  catechol. 

The  action  of  phosphorus  pentachloride  on  pipmnylic  acid  has 
already  been  investigated  by  Fittig  and  Bemsen.  According  to  these 
authors,  cold  water  converts  the  crude  liquid  product  of  the  reaction 
into  a  solid  chloro4u»d,  to  which  they  assigned  the  constitution 
Cl2*C.O2!C0H,*OOsH.  Since  the  chlorine  content  of  the  (somewhat 
impure)  preparation  corresponded  more  closely  with  one  atom  of 
chlorine  only,  they  suggested  that  a  further  change  takes  place  under 
the  influence  of  cold  water,  resulting  in  a  substance  of  the  constitution 

^^^O^^^D^ljg'COjH,  but  owing  to  the  poor  agreement  of  their 

analytical  results  with  the  calculated  values,  they  did  not  attach  much 
importance  to  this  suggestion.  The  explanation  is  now,  however, 
obvicms.   The  supposed  chloroiund  was  in  reality  the  cyclic  carbonate 

of  protocatechuoyl  chloride,  OIC^^^C^U^'COCli  and  the  carbon 

and  hydrc^gen  content  found  by  Fittig  and  Bemsen  agrees  closely  with 
tliat  required  by  the  above  formula : 

Found  (by  Fittig  and  RemRpn),  0  =  48  43  ;  H-2  01. 

UgUgO^Gl  requires  0  =  48  36  ;  H  »  1  '51  per  cent. 

The  chlorine  found  by  them  was  somewhat  low,  16*81  instead  of 
17*88  per  cent.,  as  might  have  been  expected  after  treatment  of  an  add 
chloride  with  water. 

The  behaviour  of  the  substance  towards  hydroxyl  and  amino>groupa 
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agrees  in  every  respect  with  that  of  an  aromatic  acid  chloride,  and 
leaves  no  doubt  as  to  its  ronstitntion.  It  has  }hmm\  employed  in 
the  synthesis;  of  new  catechol  derivatives,  a  uumber  of  which  are 
described  below. 

In  accordance  with  what  has  been  said  above,  the  carbonate  of 
protocatechuoyl  chloride  should  be  produced  directly  from  piper* 
onylic  acid  by  the  action  of  thionyl  chloride  at  180^,  and  this  was 
indeed  found  to  be  the  case.  On  removal  of  the  excess  of 
thionyl  chloride  in  a  Tacunm,  the  acid  chloride  remains  behind  as 
a  crystalline  maas,  and  it  was  in  this  eacperiment  that  ite  tme 
nature  was  first  recognified. 

The  direct  production  of  cyclic  carbonates  by  successive  treatment 
of  methylene  ethers  with  phosphorus  pentachloride  and  with  cold 
water  has  already  been  observed  by  Delange  {Compt.  rend.t  1904, 
138,  423  and  1701)  who  obtained  in  this  way  the  cyclic  carbonates 
of  3  :4-dihydrojcy-l-ethyl-,  -a- 1 -propyl-,  and  -l-i^opropyl-benzene. 

It  seems  safe  to  conclude  from  the  above  evidence  that  the  two 
chlorine  atome  which  are  introduced  by  phosphorus  pentaohloride 
into  the  methylene  group  are  much  more  labile  than  any  other 
chlorine  atoms  which  may  be  introduced  at  the  same  time  into 
another  part  of  the  molecule.  By  ooM  water,  moist  air,  anhydrous 
formie  acid,  glacial  aoetie  add,  or  acetic  anhydride  (Delaage)  they 
are  replaced  by  an  o^gen  atom;  thionyl  chloride  introduces  this 
oxygen  atom  at  the  outset.  The  yiolouse  with  which  these  two 
chlorine  atoms  react  with  hydrozyl-  and  amioo-groups  is  without 
parallel  among  aromatic  chloro-oompounds,  although  not  suiprising 
if  we  regard  the  substances  in  question  as  the  dichlorides  of  an 
ethereal  salt  of  orthoformio  acid.  If  we  consider  that  bensylidene 
chloride  requires  heating  with  water  to  140 — 160^  in  order  to  con- 
vert it  into  benialdehyde,  we  should  not  expect  the  carbonate  of 
dihydroxybensylidene  chloride  to  react  with  cold  water.  The  two 
chlorine  atoms,  which  Pauly  replaced  by  an  oxygen  atom  in  the 
production  of  protooatechualdehyde  carbonate,  are  therefore  those  of 
the  aldehyde  group  and  not>  as  he  seems  to  imagine,  those  in  the 
carbonyl  (methylene)  group. 

Experimental. 

Convtrnon  of  MttkylenediosBjfbenmht  into  Carbcnyldiaxi^tname. 

1*46  Grams  of  crude  methylenedioxybensene,  b.  p.  170 — 180**,  con- 
taining a  littie  methylene  iodide,  and  obtained  by  the  aetton  of 
methylene  iodide  on  disodium  catechol  (Moureu,  Bull.  Sae,  ehim,, 
1896,  [iii],  15,  655)  were  heated  for  half  an  hour  under  a  reflux 
condenser  with  3*5  grams  (2  moln.)  of  phosphorus  pentachloride. 
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After  removml  of  the  phosphorus  trichloride  by  distillatioD  at  atmos-' 
pheric  pressure,  the  dichloromethylenediozybenzeDe,  CI^'CO^IC^H^, 
distilled  in  a  Tacuum  at  about  90°.  Oa  treating  the  distillate  with 
cold  water,  hydrogen  chloride  was  evolved  and  0  75  gram  of  a  white, 
chlorine-free  solid  resulted,  which,  when  crystallised  from  benzene, 
melted  at  119°.  The  melting  point  was  not  changed  by  mixing 
with  a  specimen  of  carbonyldioxybenzene  (obtained  by  means  of 
carbonyl  chloride).    The  latter  specimen  melted  at  119*5°. 

AeUon  of  Thionf^  Chfaride  on  Fiptronpl  Ahohol, 

Two  grams  of  piperonyl  alcohol*  were  dissolved  in  G  c  c.  of  thionyl 
chloride ;  an  energetic  reaction  took  place  at  once  (formation  of 
piperonyl  chloride),  and  the  solution  was  then  heated  in  a  sealed  tube 
to  180°  for  seven  hours.  After  removal  of  the  excess  of  thionyl 
chloride,  the  product  of  the  reaction  distilled  at  165 — 183'^/12  mm. 
On  boiling  the  distillate  with  formic  acid,  a  more  than  50  per  cent,  yield 
of  3:4-carbonyldioxybenzoic  acid  was  obtained.  The  piperonyl  chloride 
bad  therefore  been  oxidised  to  carbonyldioxybenzoyl  chloride, 

o:c;o,:CeHj-coci 

(b.  p.  166— 167°/13  mm.). 

The  action  of  thionyl  chloride  on  benzyl  alcohol  at  180°  was  next 
examined,  and  found  to  be  completely  analogous.  The  product  of  the 
reaction  was  evidently  a  mixture  of  benzyl  an  l  bcn/.oyl  chlorides,  and 
the  highest  fraction,  boiling  at  198°,  yielded  benzoic  acid. 

Phosphorus  pentaehloride  acting  on  piperonyl  alcohol  produced  a  tar 
from  which  nothing  could  be  isolated. 

3 :  i-Catrhonyldioxybentoifl  Chhride,  OICIO^ICqHs'COCI. 

Piperonylic  acid  heated  with  an  excess  of  thionyl  chloride  on  the 
water-bath  furnishes  piperonyl  chloride,  melting  at  80'',  and  boiling  at 
140 — 14l°/8  mm.,  which  has  already  been  prepared  by  Perkin  and 
Robinson  {Proc,  1905,  21,  287)  by  means  of  phosphorus  trichloride. 
At  a  higher  temperature,  thionyl  chloride  forms  3  :  4-carbonyldioxy- 
benzoyl  chloride,  fhe  methylene  group  being  also  attacked. 

Two  grams  of  piperonylic  acid  were  heated  with  6  c.c.  of  thionyl 
chloride  to  180 — 200°  for  eight  hours.    On  distilling  o£E  the  ejccess 

*  The  piperonyl  akeliol  and  pipsronylio  add  employsd  in  Ihese  experimenU  wtie 

prapared  from  piperonal  by  Cannizzaro'-s  reaction.  Aqueous  potassium  hydroxido 
was  fonnd  to  bo  much  better  than  alcoholic,  as  used  by  Deckt  r  and  Koch  [Ber.^ 
1906,  39,  1741),  since  it  gave  a  larger  yield  of  a  purer  pr'xluf  t.  Fifty-six  grams  of 
piperonal,  mixed  with  36  grams  of  potassium  hydroxide  iiissulved  in  24  grams  of 
water,  gave,  after  standing  S4  hours  at  the  laboratory  ttmperatnrc,  23  giams  of  the 
add  Mid  S3  fgnxM  of  the  aleohol  (m.  p.  62—5$*). 
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of  UiioDyl  ehloride  in  ft  vaoaain  on  the  w»ter-bath,  a  pale  brows, 
▼iaooQB  liquid  renutmed,  which  eiystalliaed  on  cooling,  and  distilled 
at  166 — 167713  mm.  On  eryetallisation  from  a  mixture  of  benzene 

and  light  petrolennii  it  melted  at  68^: 

0-1828  gave  0  3278  CO^  and  0  0276  H^O.    0  =  48  5  ;  H  =  l-7. 
0-H83    „    0-1044  AgCl  (by  boiling  with  water).    CI  -  17-4. 
Cfififil  requires  C  =  48*4  ;  H  =  1  -5  ;  CI  =  1 7*9  per  cent. 

The  compound  was  alio  prepared  by  heating  piperonylic 
add  with  three  molecular  proportions  of  phoephoms  pentachloride 
under  a  reflux  condenser  for  several  hours,  and  gradually  dis- 
tilling off  the  phosphoras  trichloride  and  phosphoryl  chloride 
through  a  fractionating  column,  so  that  the  temperature  of  the 
residual  liquid  at  last  rose  to  160^  On  distillation,  a  little  phosphorus 
pentachloride  sublimed^  and  then  the  product  of  the  reaction  distilled 
at  149 — 150^/12  mm.  It  was  not  quite  pure,  as  the  reaction  was 
incomplete,  some  unchanged  piperonyl  chloride  being  present. 
(Found :  01 »  39*2 ;  0^0,01^  requires  01  -  42-0  per  cent.) 

After  the  substance  had  baen  freed  from  phosphorus  halides»  it  no 
longer  reacted  readily  with  cold  water,  on  aooount  of  its  insolubility, 
and  it  was  not  found  possible  to  convert  it  easily  into  a  solid  product  by 
Fittig  and  Bamaen's  method.  When  dissolved  in  acetone,  it  reacted 
violently  with  water,  so  that  the  acetone  was  raised  to  its  boiliiig 
point.  The  most  convenient  method  of  transformation  into  8 : 4-carb- 
onyldiozybemsoyl  chloride  was  found  to  be  prolonged  exposure  in 
a  thin  layer  to  m<»st  air,  when  in  the  course  of  one  or  two  days  the 
substance  was  completely  transformed  into  a  hard,  crystalline  mass, 
which,  when  recrystallised  from  ^bensene  and  light  petroleum,  was 
found  to  be  identical  with  the  substance  obtained  by  tbionyl  chloride 
direct. 

The  constitution  of  the  substance  is  proved  by  its  transformation  to 
3  :  4-carbonyldioxybenzoic  acid  and  its  derivatives  ;  all  these  substances 
can  be  further  changed  to  the  corresponding  derivatives  of  proto- 
catechuic  acid  by  boiling  with  water. 

'6 'A-Carbonyldioxyhenzoic  Acid,  OICIOglC^Hg'COjH. 

When  3  :  4-carbonyldioxybenzoyl  chloride  is  heated  with  a  little 
anhydrous  formic  acid,  it  readily  dissolves,  but  soon  an  energetio 
reaction  begins;  hydrogen  chloride  is  evolved  and  3 : 4-carbonyl- 
dtozybenzoic  acid  separates.  By  using  enough  formic  acid  to  keep 
the  substance  in  solution  and  boiling  for  a  short  tame,  the  latter 
at  once  crystallises  out  in  a  condition  of  analytical  purity.  Glacial 
acetic  acid  may  be  used  instead  of  formic  acid,  and  diohloropiperonyl 
chloride  may  be  employed  instead  of  carbonyldiozybenaoyl  chloride : 
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0-1687  gave  0*3289  00,  and  0*0865  H,0.   0  -  53*3 ;  H «  3*4. 
CgH^Os  requires  0«53*3 ;  H»3'2  per  cent. 

3  :  i-Carhoni/ldioxyhenzoic  acid  melts  at  228°  with  ofTervoscence.  It 
18  insoluble  in  water,  and  somewhat  sparingly  soluble  in  most  organic 
solvents  in  the  cold.  Its  alcoholic  solution  is  not  coloured  by  ferric 
chloride.  On  boiling  the  acid  with  water  or  with  salt  solution,  it  is 
quantitatively  converted  into  protocatechuic  acid,  which  separates  in 
white  crystals  melting  at  197 — 198^ 

IMyl  3  :  i-Carbonyldioxybmzoate,  0:c:Oa:u^H,*COj*CHj. 

This  rabstanoe  was  prepared  by  dissolving  the  add  chloride  in 
methyl  alcohol  without  rise  of  temperatare.  On  the  addition  of  water, 
erystsls  separated  melting  at  90^ : 

0  1752  gave  0  3549  CO2  and  0-0495  H.O.    0  =  55  4;  H  =  3'l. 
CgHgO^  requires  C  =  55*7  ;  II  —  3 '2  per  cent. 

Methyl  3  :  i-carhonyldioxyhtnzoaU  is  very  soluble  in  most  organic 
solvents,  and  does  not  give  a  reaction  with  ferric  chloride.  By 
boiling  with  water  or  making  alkaline  with  ammonia,  it  is  changed  to 
methyl  protocatechuate,  which  coold,  however,  not  be  obtained  quite 
pore  owing  to  further  deoompositioii,  resulting  in  the  formation  of 
protocatsohuio  add. 

Fhmyl-3 :  i-carb(myldioxifbenzoat€,  0:o:0,:0«H,*00,*a«H^. 

Equimoleeular  proportions  *of  phenol  and  of  3  : 4-carbonyldiozy- 
benzoyl  chloride  were  heated  together,  until  the  evolution  of  hydrogen 
chloride  geased.  A  little  benzene  was  then  added  to  the  hot  liquid 
and,  on  cooling,  jihenijl  3  :  i-carbonyldioxybeiuoate  crystallised  in  stout 
crystals,  melting  at  126'^: 

0-U3d  gave  0-3458  CO^  and  0-0405  H2O.    0  =  65*8;  H-3-1. 
Oififi^  requires  0-66'8 ;  H-3*l  peresnt. 

Fh0nyl  FroiocaUc/iuaie,  (0H),0jH3*C0,*0^H^. 

The  substance  just  described  was  suspended  in  boiling  water,  and 
dilote  ammonia  was  added  drop  by  drop  until  all  was  dissolved.  If 
an  ezcsBS  is  avoidedi  the  solution  scarcely  darkens  at  alL  After  filtra- 
tion, dilute  hydrochloric  add  was  added  drop  by  drop  to  the  hot 
solution,  so  that  crystals  of  phenyl  protocatechuate  separated  out. 
The  substance  wato  recrystaHised  from  very  dilute  alcohol  and  then 
melted  at  189^    It  is  leadily  soluble  in  cold  alcohol,  but  almost 
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insoluble  in  boiling  water ;  its  soltttion  is  edoored  green  by  ferric 

chloride : 

01090  gave  0-2717  Ci\  and  0  0438  H.O.   C  =  68  0  ;  H  =  4-6. 
CjjHj^Oj^  requires  C  =  67*8  ;  H  =  4  4  per  cent. 

MttJioxypli/inyl  3  :  A-Carbonyldioxyb&moaU, 

o:c:o,:o^H,*co,C4H^-o-OH,. 

PrqMnd  like  the  phenyl  deriyative  from  the  acid  chbiide  and 
gnaiacol,  this  substance  yielded  etont  crystals,  sparingly  soluble  in 

hot  benzene  and  melting  at  15d^! 

Oa402  gave 0  3255  CO^  and  0  0442  H^O.    C«63-3  ;  H-3-5. 
CjjHjqOj  requires  C  =  62-9  ;  H  =  3-5  per  cent. 

Methoxyphenyl  ProiocaUchuaie,  (011)2CgHg-C0j*CgH^-0-CH,. 

Prepared  from  the  compound  just  described  in  the  same  way  as  the 
corresponding  phenyl  derivative,  it  yielded  prisms  melting  at  194° : 

0*1598  gave  0*3768  00,  and  0*0680  H,0.   0  *-  64*3 ;  H  »  4*7. 
Oi^H^O,  requires  0  -  64*6 ;  H  »  4*6  per  cent. 

Pr<aoeia$^umnid€,  (OHjoCgHg'CO-NH,. 

The  preparation  of  this  substance  presented  some  difficulty  owing  to 
the  instability  of  the  carbonyl  group  towards  ammonia.  When  3  :  4- 
carbonyldiozy benzoyl  chloride  was  treated  with  dry  ammonium 
carbonate,  a  substance  resulted  which  gave  a  green  colorati<m  with 
ferric  chloride,  and  could  not  be  obtained  crystalline.  By  passing  dry 
ammonia  into  the  add  chloride  dissolved  in  carefully  dried  bensene, 
a  white,  amorphous  precipitate  was  immediately  formed,  which  wis 
collected  and  dried  in  a  vacuum  desiccator  over  paraffin  Vaz  and 
sulphuric  acid.  It  was  expected  that  the  precipitate  would  omsiBt  of  a 
mixture  of  ammonium  chloride  and  3  : 4-carbonyldiozybenzamidei  and 
it  was  hoped  that  the  former  substance  could  be  extracted  by  water. 
Almost  the  whole  of  the  precipitate  dissolved,  however ;  on  prolonged 
standing  crystals  separated.  These  were  reerystallised  irom  ethyl 
acetate,  in  which  they  were  but  sparingly  soluble,  and  they  then 
melted  at  13P  with  effervescence.  The  new  suhstanoe  was  probably 
a  urMmu  of  protocatechnio  acid,  having  the  formula : 

0*1088  gave  12*3  c.c.  moist  nitrogen  at  15-6^and  764  mm.  N»13*d. 

08118^4^2  requires  N-«14*3  per  cent. 

rrotocatecJiuamide  was,  however,  obtained  by  keeping  3  :  4-carbonyl- 
dioxjbenzoyl  chloride  with  au  excess  of  dry  liquid  ammonia  in  a  sealed 


^HOSPHOBUS  PBMTACHLORibE  ON  CATECHOL  ETHEBS.  571 


tube  at  the  laboratory  temperature  for  two  days.  On  allowing  the 
ezceBs  of  ammonia  to  evapofate  at  the  ordinary  temperatorey  a  red 
solid  remained,  which  was  completely  freed  from  ammonia  in  a 
vacuum  over  sulphorie  add  and  then  crystallised  from  water. 

The  crystals  were  aomewhat  coloured  and  melted  at  212°.  With 
ferric  chloride  they  gare  an  intense  green  coloration  : 

0*2892  ga?e  18*7  ce.  moist  nitrogen  at  5^  and  770  mm.   N»  9*7. 
C7U7O1N  requires  Na9'2  per  cent. 

Two  molecular  proportions  of  aniline^  dissolved,  in  a  little  bensenc^ 
were  added  to  0*5  gram  of  3 :  i^BarbonyldioxybeDzoyl  chloride^ 
dissolTed  in  10  o.e.  of  liensehe.  A  precipitate  consisting  of  the 
anilide  and  of  aniline  hydrochloride  was  formed.  On  extracting  the 
precipitate  wi^  water,  the  anilide  remained  behind  and  was  then 
crystallised  from  boiling  alcohol  and  subsequently  from  ethyl 
acetate.    It  formed  white,  hair-like  needles  melting  sharply  at  214*^: 

0*2271  gave  ll'O  c.c.  moist  nitrogen  at  14^  and  766  mm.  Na»6'7. 
Oi^HgO^N  requires  1{«>5*5  per  cent. 

ProUcaieokuanUide,  (OH)2C^H,*CO-I9H-0«H5. 

3  : 4-CarbonyldioxybGnzanilido  was  dissolved  in  pyridine  and  an 
equal  volume  of  water  was  then  added  ;  biil)bles  of  carbon  dioxide 
were  given  off.  After  removal  of  most  of  the  pyridine  by  distillation, 
white,  glistening  plates  separated,  consisting  of  protocatechuanilide. 
The  hydrolysis  of  the  carbonate  can  also  be  performed  by  suspending 
it  in  boiling  water,  and  adding  dilute  ammonia,  drop  by  drop^  as 
described  for  phenyl  protocatechuate.  The  substance  retains  water  at 
100^  and  was  dried  at  115°  until  of  constant  weight : 

0  U41  gave  0*3S91  00,  and  0*0606  H^O.   0  »  68-0 ;  H  »  4*7. 
0*3177   „   16*6  cc.  moist  nitrogen  at  14**  and  766  mm.   N  »6'2. 
OjjHuOaN  requires  0-68*1 ;  H«4*8;  N-6*l  per  cent. 

Protocatechuanilide  melts  at  166 — 167°  It  is  sparingly  soluble 
in  hot  water,  but  readily  so  in  hot  alcohol ;  its  solutions  gave  the 
characteristic  green  coloration  with  ferric  chloride.  The  substance 
has  been  prepared  before  from  protocatechuic  acid  by  Schilf  {Ber., 
1882,  15,  25«9)  and  by  Thibault  (Bull.  Soc.  chim.,  1904,  [iii],  31, 
920).  The  latter  author  criticises  Schifl's  method  of  preparation 
and  himself  gives  the  melting  point  154 — 156^^.  The  analytical 
figures  and  the  melting  point  given  above  would,  however,  appear 
to  refer  to  a  purer  specimen,  and  illustrate  the  advantage  of  pre- 
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paring  catechol  derivatives,  when  possible,  from  the  oorr^pondiog 
methylene  ethers  hj  way  of  the  cyclic  carbonates. 

Action  qf  IMofiyl  Chiorid§  and  of  Fkotpkonu  PciUaekloridc  on 

Two  grams  of  piperonal  were  heated  with  8  c.c.  of  thionyl 
chloride  to  220^  for  seven  hours.  On  removal  of  the  excess  of 
thionyl  chloride  in  a  vacuum  on  the  water-bath,  a  viscous  liquid 
remained  behind,  which  crystallised  from  benzene  and  light 
petroleum  and  was  found  to  be  3 : 4-carl)onyldioxybenzylidene 
chloride  ("  dichloropiperonal ").  The  yield  was  60  per  cent.  The 
**  dichloropiperonal  dichloride "  of  Fittig  and  Remsen,  formed  by 
the  action  of  phosphorus  pentachloride  on  piperonal,  was  found 
to  distil  without  decomposition  at  152 — 153°/9  mm.,  but  could, 
nevertheless,  not  be  obtained  quite  pure.  (Found,  CI  =  50  35; 
CgH^OjCl^  requires  CI  =  51-8  per  cent.) 

The  impurity  was  probably  a  trace  of  unchanged  piperonal 
dichloride.  The  totrachloro-compound  was  obtained  crystalline  by 
cooling  it  in  carbon  dioxide  and  acetone,  and  was  found  to  melt  at 
14 — 15°.  It  is  very  soluble  in  all  organic  solvents,  including  light 
petroleum.  The  two  chlorine  atoms  of  the  methylene  group  are 
replaced  by  aa  oxygen  atom  through  the  action  of  anhydrous  formic 
or  ftoetic  add  in  the  cold  ;  on  boiling,  the  second  pair  of  chlorine 
atoms  is  removed,  with  the  formatioii  of  Pauly's  cyclic  carbonate  of 
protocatechualdehyde. 

Piperonal  diekUnitUf  which  was  onrsorily  referred  to  by  Fittig  and 
Bemaen,  has  now  been  obtained  pure.  When  piperonal  is  mixed  with 
one  molecular  proportion  of  phosphorus  pentaehloride,  enough  heat  is 
developed  to  liquefy  the  mixture  and  almost  complete  the  reaction. 
On  distilling  the  phosphoryl  chloride  under  atmospheric  pressure^ 
the  residue  left  in  the  flask  beosme  dark  blue  and  a  oertsin  amount  of 
decomposition  took  place.  Most  of  the  substance,  howeTsr,  distilled 
constantly  at  141^/8  mm  and  at  ones  crystallised  in  the  reoeiTer ;  the 
yield  was  60  per  cent,  of  the  theoretical : 

0'2084  gave  0*3796  AgOl   01  -  64*2. 

Cgl^r/).^C\.2  requires  01»d4'6  per  cent. 

Piperonal  dichloride  forms  large,  acicular  crystals  from  a  mixture  of 
benzene  with  much  liglit  })ctroleum,  and  molts  at  59^.  It  resembles  the 
closely  related  carbonate  of  protocatechualdehyde  dichloride  ("dichloro- 
piperonal "  of  Fittig  and  ilemsen).  Both  substances  are  unstable  in 
moist  air  and  gradually  turn  blue,  and  both  are  readily  converted  into 
the  corresponding  aldehyde  by  boiling  with  formic  acid.  Piperonal 
dichloride  was  by  this  means  reconverted  into  piperonal,  melting  at  37^ 
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and  boiling  at  ISS'yS  mm.  When  piperonal  is  heated  with  an  excess 
of  thionyl  chloride  on  the  water-bath,  the  same  dichloride*  is  slowly 
formed. 

The  author  desires  to  express  his  thanks  to  Mr.  A.  J.  Kwins,  B.Sc., 
for  his  valuable  assistance. 

Turn  WiuooMs  Phyuolooioal  Risbasob  Labobatobibs, 
Hbbbb  Hnii,  LovDOV,  S.BL 


LIII. — Experiments  on  the  Synthesis  of  the  Tevpenes, 
Pari  XIL  Synthesis  of  Terpms,  Terpineola^  and 
Terpenes  derived  from  Methyliaoprojyj/lQyclopentanes, 
Me-CJI^'CHMe^. 

By  Waiabb  Kobman  Hawobth  and  Williah  Hbbbt  Pbbkib,  jnn. 

The  investigation  of  the  naturally  occurring  members  of  the  camphor 
and  terpene  series  has  shown  that  almost  the  whole  of  these  substances 
are  derived,  either  directly  or  indirectly,  from  one  of  the  modifications 
of  methylwopropylcyc/ohexane,  Me'CgHj^^'CHMe^. 

The  terpenes  derived  from  natural  sources  have  the  com[»osition 
CjoHjj,  and  a  search  for  lower  terpenes  of  the  composition  C,JIi,, 
which  might  possibly  be  derivatives  of  methylwopropylcyc/opentaiie, 
Me'CjHg-CHMe.^,  has  disclosed  only  two  such  substances,  and  these 
are  of  doubtful  conntitution.  Semmler  {Ber.,  1902,  35,  2017)  found 
that  sabinene  ketone,  when  converted  into  the  semicarbazone  and  then 
digested  with  25  per  cent,  sulphuric  acid,  yields  a  hydrocarbon,  CgHj^ 
(b.  p.  165 — 166°).  Since  the  molecular  refraction  shows  that  this 
hydrocarbon  is  doably  unsaturated,  Semmler  suggests  that  its 
formation  may  be  aaaumed  to  take  plaoe  in  acoordanoe  with  the 

/Ofl--OH,\  yCH-'CJBLv 

NH,-CX)-N^:C<  I  ^0-CHMe, CHC  >C:CMe. 

^UH-CH/  ^OMo  ^ 

QHC  >CH-CMe:C£L 
^CMe  ^ 

l-Methyl-2-woproi)euyl-A'-cyt7ypcutene. 

Subsequently  Semmler  {Ber.,  1904,  37,  237)  described  a  hydro- 
carbon, C^Hj^,  of  boiling  point  Hi — 146°,  which  he  obtained  from 
dihydrocamphorjl  alcohol>  OotI}gO|  by  heating  with  anhydrous  oxalic 
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acid,  but  this  substance  evidently  has  tbe  formula  C^Il^,).  The  only 
other  terpene  from  natural  sources^  wbicb  bas  the  composition  CgHj^, 
which  we  have  been  able  to  find,  is  santene,  an  optically  inactive 
hydrocarbon  which  was  discovered  by  F.  Miiller  (Ardt.  Pkarm.,  1900, 
238,  366)  in  the  low  boiling  fractions  of  sandal  wood  oil.  This 
hydrocarbon  distils  at  139 — 140^,  yields  a  blue  nitroao  cbloride  (m.  p. 
108°),  and  a  crystalline  hydrochloride,  C^Hj^,HCI  (m.  p.  80°).  Semmler 
(Ber.t  1907,  40,  4595)  subsequently  showed  that  the  molecular 
refraction  proves  that  this  substance  contains  only  one  double  linking, 
and  that  it  muat,  therefore,  be  bicyclic,  and  this  led  him  to  suggest 
the  formula 

C^CMe-^^CMe 

as  probaUy  reprMenting  the  formiila  of  santene. 

Aschan  {Bmr.f  1907>  40,  4918)  has  also  xooently  oarefully  investi- 
gated santene,  and  oonfirmed  the  composition,  OgHn,  the  hoiling 
point,  140**,  the  molecular  refraction,  and  has  also  described  other 
interesting  properties  of  the  hydrocarbon. 

The  consideration  of  these  and  of  other  facts  connected  with  the 
chemistry  of  the  terpenee  led  os  to  think  that  it  woold  be  interesting 
to  attempt  the  synthesis  of  terpenee,  analogously  oonstitated  to 
dipentene,  bnt  containing  a  closed  ring  of  five-carbon  atoms  in  the 
place  of  the  six-carbon  ring  of  that  hydrocsrbon, 

CMe<^^-;^y2>0H-0Me:CHj  OMe<^*^^!>CH-CMe:OHj 
Dipentene.  l*llethyl-3-iMpropenjrl-A*-cye<opentene. 

and  the  present  paper  contains  an  account  of  the  e]q»eriments  which 
we  have  made  in  this  direction. 

A  short  time  ago  (Trans.,  1906,  89,  16il)»  Kay  and  Perkin 
showed  that  ethyl  butane-a^S-tricarbosylate  resets  with  sodium  wttii 
the  formation  of  ethyl  c^c^pentanone-S :  4-diearbozylate^  a  decom- 
position which  they  formulated  thus : 

CO,Et  CII  ^  CO-CH, .  „, 

The  ester  so  produced  is  decomposed  by  boiling  with  dilute  sulphorie 

*  A  terpene,  CbHh,  obtained  synthetically  by  Matsubara  and  Perkitt  (Tnns., 
1905,  87,  637),  is  A>  =  "^'-uormenthndieue  (b.  p.  161°),  and  it  known  to  oontsin  a 
closed  chain  of  aix -carbon  atoms  and  to  have  the  oonititution : 

CH,-CH/  ^Me 
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add,  with  eliminatioii  of  carbon  dioxide  and  aleohol,  and  formatioD  of 
eye^opentanono-d-oarbozylio  add. 


In  continuing  these  experiments,  wo  have  been  able  to  prove  (p.  576) 
that  the  condensation  by  means  of  sodium  takes  place  in  a  different 
direction  from  that  represented  above,  and  that  the  product  is  in  reality 
6thi/l  cyc\ojjentati(me-2 :  Z-dicarboxylate, 

BO  that  this  vieve  of  this  condensation  is  to  be  substituted  for  that 
given  in  the  earlier  paper.  This  change  does  not  make  any  difference 
in  regard  to  the  constitution  of  the  keto-acid,  since  the  2  :  3-  and 
2  :  4-dicarboxylic  esters  will  both  yield  the  flame  keto-acid  on  hydrolysis. 
We  next  investigated  the  action  of  magnesium  methyl  iodide  on  ethyl 
eyelopentanone-3-oarbozylate,  and  obtained  a  small  quantity  of 
l-7nethyl-S'iaopropenolcyc\openUii€f  which  distils  at  100—105^  (30  mm.) 
and  the  f ormatioii  of  which  may  be  represented  thne : 

CO<25|^5i>CH-CO,Et  — ^  OMe<25H?!>CH-CMe,-OH, 


although  the  doable  linhiDg  (A^)  may  be  in  the  podtion  £kK 

This  carbinol  is  the  terpineol  of  the  five-carbon  series,  and,  when 
shaken  with  dflnte  solphnrte  add,  it  is  converted  into  the  corresponding 

terpin,  l-Ay(ir(>z^4«9iMl^i-3»i8opr<)|MfioA:yclopenfaiie  (I), 

HO'CMe<^J  [!!>0H-OMe|-OH 

(I.)* 

H0-CMe<^^;^g*>CH'0Me,-OH 

(II.) 

a  crystalline  substance  which  melts  at  and  is  especially  interest- 
ing on  account  of  its  relationship  to  ordinary  terpin  (II). 

Lastly,  a  small  quantity  of  a  hydrocarbon,  \-methf/l-3  isoj)ro/}e/ii/l' 
cyclopentene,  is  produced  during  the  action  of  magnesium  methyl 
iodide  on  ethyl  cj/c/opentanone-3-carboxylate,  which  distils  at  about 
150°,  and  is  the  representative  of  dipentene  in  the  pentane  series.  It 
is  probable  that  its  constitution  is  represented  by  the  formula 

0Me<2.ci^^!>0H-0Me:0H^ 

hat  the  podtion  of  the  doable  linking  in  the  ring  is  donbtf  al. 

A  second  series  of  experiments,  designed  with  the  object  of  sjn- 
theeidng  other  terpins,  terpineols,  and  terpenes  of 'the  pentane  series, 
was  carried  out  in  the  following  manner. 
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The  sodium  derivative  of  ethyl  ey«fbpeiitano&e-2 : 3-dicarbozylete 
was  digested  with  methyl  iodide,  and  thus  eonverted  into  e(Ay^2. 

When  this  ester  is  hydroljsed  by  dilute  hydrochloric  acid,  it  yields  a 
small  quantity  of  2'm6thylcyc]opentanone:^-carboxjflie  acid  (m.  p. 

but  by  far  the  larger  proportion  of  the  ester  is  further  hydrolysed 
with  the  formation  of  p$iUant-fiy€-irkarbaxylie  acid  (m.  p.  177^X 
0O,H-CHHe-0H(00sH)-0B[a*0]^*C0sH. 
In  order  to  prove  the  oonstitatUm  of  the  latter  eddy  it  was  prepared 
synthetically  by  digesting  the  S))dittm  derivative  of  ethyl  cyano-;?- 
methyl  succinate  with  ethyl  /3-iodopropionate  and  subsequently 
hydrolysing  the  resulting  ethyl  y-cyanajjentane-fiyt  iricarhoxi^late  with 
concentrated  hydrochloric  acid : 

00,EfCHMe-CNa(CN)-C02Et  +  GHal-CH^-UO^Et 

C02Et-CHMe-0(C^)(CO,Et)-CH,-OH,-00,Et  — > 
COtH-CHMe-CH(CO,H)-CH,CH,-CO,H. 

The  add  thoe  syntheaised  melted  at  177^,  and  was  identical  with 
that  obtained  by  the  hydrolysis  of  ethyl  2>methylcye{opentanone-2  : 
dioarbozylate^  and  this  fact  elearly  proves  that  the  produet  of  the 
action  of  sodium  on  ethyl  butane^S-tricarbozylate  (Kay  and  Perking 
loo.  cUJ)  most  be  ethyl  c|feiopentanone-2 : 3-dicarboxyhite^  and  cannot 
be  ethyl  eyie^ientanone-2 : 4-diearboxylate, 

^,^^^CH(TO^t)|CH£^ 

as  was  first  thought  to  be  the  case,  since  the  latter  ester,  after 
methylation,  could  not  yichl  pentane-/3ye-tricarboxyiic  acid  as  the 
product  of  hydrolysis.  When  ethyl  pentane-^yc-tricarboxylate  is 
treated  with  sodium,  it  readily  undergoes  internal  condensation  with 
the  formation  of  el/i,i/l  2  meUii/lcyoloj)enta7ione  3  :  b  dicarboxi/late, 

and  this  ester,  on  hydrolysis  with  hydrochloric  acid,  yields  2-methyl- 
cyc^opentanone-3-carboxyIic  acid  (m.  p.  95°), 

of  which  mention  has  already  been  made^  and,  indeed,  nearly  all  of  this 
keto-add  which  we  required  in  such  lat^  quantities  for  this 
research  was  made  in  this  way.   When  the  keto-add  is  ledoced  with 
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sodium  amalgam,  it  is  converted  into  2-fntthylcjc\opmianol-3-carboxylie 
acid, 

HO-CH<^^^^!>CH-CO,H, 

wbich,  although  it  is  a  y-hydrozy-acid,  distils  at  182 — 185^  (20  mm.) 
without  conversion  into  the  lactone,  a  fact  which  is  possibly  due 
to  the  acid,  so  obUiined,  being  the  <ro»i#-modification.  It  reacts 
readily  with  hydrobromic  acid,  and  is  converted  into  5 -bromo-l  -methyl- 

eyc[opmnkM^2''Carbo9jflio  aeidf  OHBr<!^^^j^»^CH*00,H.  and  the 

ethyl  ester  of  this  acid  is  decomposed  by  boiling  diethylaniline  with 
formation  of  an  oil  which  was  ultimately  shown  to  be  a  mixture  of 
the  esters  of  t}ie  two  possible  unsaturated  acids, 

CH<^^|il!!!>CT  and  CH<!^^^J>CU*CO,K. 

i-carboxylie  add,  t-tarboxylic  aeid. 

The  oily  mLxture  of  acids  obtained  when  the  ester  is  hydrolysed 
could  not  be  separated  into  the  constituents  by  the  fractional  crystal- 
lisation of  such  salts  as  we  prepared,  and  for  a  long  time  there  seemed 
to  be  little  prospect  of  effecting  the  separation. 

Subsequently,  the  remarkable  fact  was  discovered  that  the  difference 
in  the  rate  of  esterification  of  the  two  isomerides  and  also  in  the  rate 
of  hydrolysis  of  the  esters  is  so  great  that  a  complete  separation  can 
be  baaed  on  this  behaviour. 

The  A*-acid  esterifies  in  contact  with  alcohol  and  sulphuric  acid  at 
the  ordinary  temperature  in  a  few  hours,  whereas  the  esterification  of 
the  A^-acid  is  not  complete  after  four  days,  and  again  the  ester  of  the 
A*-acid  is  hydrolysed  by  methyl*aloobolic  potash  in  the  cold  in  a  few 
hours,  whereas,  under  the  same  conditions,  hydrolysis  of  the  ester  of 
the  A^-acid  is  not  complete  in  five  days.  This  differenoe  in  behaviour 
made  it  possible  to  work  out  a  complete  separation  of  the  two 
aeids^  and  the  details  of  the  method  are  explained  on  p.  585.  The 
two  acids  are  strikingly  different  in  their  physical  properties.  One 
of  them  is  a  solid,  melts  at  131%  and  possesses  a  quite  unusual 
facility  in  dystallising  from  solvents ;  the  other  is  a  liquid,  distils  at 
165®  (100  mm.),  and  shows  no  sign  of  erystallistng  when  it  is  eooled 
in  a  freeiing  mizttm. 

The  next  step  was  to  determine  the  constitutions  of  these  aetds,  and 
this  was  done  in  each  oase  hj  oxidising  with  oione  in  alkaline  solntion. 
In  these  otrenmstanoes,  the  add  melting  at  ISl^  yielded  yoerfodil^rM 
it  must  therefore  be  l4iMli^-A*-^ydc|Mil«iie-2-earftoa^te  aoid, 
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The  liquid  acid  is  converted  by  oxidation,  first  with  ozone  and 
then  with  chromic  acid,  into  a-nut/iyllriearballylic  acid,  a  behaviour 
which  clearly  proves  that  it  ia  l-i9M<A^-A^cyd€yMfi<0fM-2-ecir6oa^lto 
aeid, 

OHf  )0H-00,H        CO,H  ;cH-OO.H. 

The  next  step  was  the  investigation  of  the  action  of  magnesium 
methyl  iodide  on  the  ester  of  the  A^-acid,  a  process  which  resulted  in 
the  formation  of  an  almost  quantitative  yield  of  l-meUijfi-^-isoproptnol' 
^*-cyc\opentene  (1) : 

CH<^^^i>OH»CMe,-OH  H0*CH<2^|^^^£>CH-CMe,-0H. 

(I.)  .  (II.) 

This  interesting  substance  dibtils  at  95°  (30  mm.),  and  resembles 
terpineol  in  odour  and  in  the  fact  that^  when  shaken  with  dilate 
sulphuric  acid»  it  yields  the  corresponding  terpin,  namely,  ^-hydroxy- 
l'mMkyl-2-iBOpropmolcyoiopmtanef  which  crystallises  well,  melta  at  72°, 
and  probably  has  the  constitution  (II),  but  the  hydrozyl  group  in  the 
ring  may  obviously  be  situated  in  the  position  4.  In  one  respect  in 
particular,  the  carbinol  differs  in  a  striking  way  from  terpineoL 
It  is  well  known  that  terpineol  is  readily  and  almost  quantity 
tiyely  converted  into  dipentene  when  it  is  heated  with  dehydrating 
agents,  but  the  most  unexpected  difficulties  were  encountered  in 
attempting  the  analogous  elimination  of  water  from  the  carbinoli 
Ultimately  we  were  able,  by  employing  sucdnio  anhydride  as 
the  dehydrating  agent,  to  obtain  a  small  quantity  of  l-me(Ay^2- 
iBopropenyl'A*-cjc\opmi«n«, 

CH<^^^L>CH-CMe:CH,. 

and  this  interesting  hydrocarbon  was  found  to  distil  at  143 — 145° 
(770  mm.),  and  to  have  an  odour  closely  resembling  that  of  dipentene. 

When  other  dehydrating  agents  were  employed,  the  product 
consisted  almost  entirely  of  polymerised  hydrocarbons,  one  of  which 
distilled  at  170 — 11  b°  (20  mm.),  and  evidently  had  the  constitution 
(C,H„),. 

The  first  example  of  this  kind  of  polymerisation  was  met  with 
during  the  investigation  of  the  action  of  potassium  hydrogen  sulphate 
on  A^-normenthenol(8)  (Matsubara  and  Perkin,  Trans.,  1905,  87, 
668),  when  only  a  small  quantity  of  A'''^''-normenthadiene,CgHj^  was 
formed,  and  the  product  consisted  principally  of  dinarmenthadiene, 
(OoHif),^  which  distilled  at  170^172''  (16  mm.),  or  at  practically  the 
same  temperature  as  the  polymeride  mentioned  abova   Still  greater 
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difficnlties  were  met  with  in  inveetigating  the  eetion  of  magneeiiim 
methyl  iodide  on  the  ester  of  l>methyl-A*-e2^c/opentene-2-cerbozyU0 
aeid,  as  In  this  ease  only  a  very  small  quantity  of 

iaopropenol'^^-cyclopmtens  (I)  is  formed,  and  the  product  consists 

OH<^^^,£^[£>CH-OMe,-OH  CH<^22^;^^OH-CMe:CHa 

(I.)  (II.) 
almost  entirely  of  a  polymerised  terpene»  (CgHj^)2,  and  of  other 
higher  oondensation  products. 

It  is  unfortunate  that  it  was  not  found  posslhle  to  obtain  IniM^^y/- 
2'iBopropenyl-6,^-cyc\openiene  (II)  in  sufficient  qusntity  for  character* 
isation,  since  this  terpene  has  the  constitution  which  Semmler  (/oe.  oti.) 
suggested  for  the  hydrocarboo  which  he  obtained  from  sabinene 
ketone  (p.  573). 

ExrSRIMENTAL. 

JSthffl  2*lfs<&yloydopsfilafiOfis-2 : 3-c2ft0or6ea^^ 

In  order  to  prepare  this  ester,  sodium  (23  grams)  was  dissolved  in 
ethyl  alcohol  (800  c.c.)  and,  after  cooling,  228  grams  of  ethyl  cyclo- 
pentanone-2 : 3-dicarbozylate  (Kay  and  Perkin,  Trans.,  1906,  89, 
1640)  were  carefully  added,  the  flask  being  cooled  during  the 

addition. 

The  deep  yellow  solution  was  mixed  with  methyl  iodide  (150  grams), 
wheu  little  evolution  of  heat  occurred  at  first,  but,  on  standing,  the 
mixture  soon  became  warm,  and  gradually  the  temperature  rose  to  the 
boiling  point.  After  remaining  for  two  hours,  the  reaction  was  com- 
pleted by  heating  on  the  water- bath  for  an  hour,  water  was  then 
added,  and  the  oily  ester  extracted  with  ether.  The  ethereal  solution 
was  well  washed,  dried  over  calcium  chloride,  and  evaporated,  when  a 
small  quantity  of  the  oil  was  distilled  and  found  to  boil  at  about  170^ 
(18  mm.) : 

0-1802  gave  0-3916  CO,  and  0  1232  H^O.    0  =  69-2 ;  H-7-6. 
OuHigOf  requires  0-69-6  j       7-4  per  cent. 

E^fdnfytu  of  Ethyl  2-M«ihylcje^opmUamn$-2 :  d-dieairboxytaU. 
FornuUUm  of  2'Miihphydopmikmom'B'Oafhoxiflio  AM, 

C0<2^^^CH-C0,H, 

aiul  Pentane  f^yt  tricarboxylic  Acid^ 
00sH-0HMe*0H(00,H)*CH,-0H2*00sH. 

The    curious   behaviour    of  ethyl    2-methyl(;yc/opentanone-2 : 3- 
dicarbozylate,  on  hydrolysis  with  hydrochloric  acid,  has  been  discussed 
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in  the  introduction  (p.  576),  and  the  following  experiment  has  often 
been  repeated  and  always  with  the  same  results.  The  ester  wme  mixed 
with  three  times  its  volume  of  dilute  hydroohlorio  add  (1  toL  oonc 
Hd  and  9  vole,  of  water),  and  digested  in  a  reflux  appaiatns  for  mght 
,  hoQTB.  When  the  oil  had  oompletely  dissolved,  the  air  oondenser  was 
removed,  from  time  to  time,  in  order  to  allow  the  alcohol  to  escape ; 
the  eolation  was  saturated  with  ammonium  sulphate,  and  extracted 
with  pure  ether,  five  times  by  hand  and  ten  times  on  the  shaking 
machine.*  The  ethereal  extract  was  dried  over  caldum  chloride  and 
evaporated,  and  the  residual  viscid  oU,  which  consisted  of  a  mixture  of 
methylcj/c/opentanonecarboxylio  acid  and  pentane-)3yc-tricarbox^o  acid« 
was  esterified  by  digesting  with  a  10  per  cent,  solution  of  solphnrie 
add  in  alcohol  for  fifteen  hours.  The  product  was  mixed  with  mueb 
ether,  water  was  added,  and  the  ethereal  layer,  after  washing  with 
water  and  dilute  sodium  carbonate  and  drying  over  caldum  chloride, 
was  evaporated,  and  the  residual  dl  fractionated  under  20  mm.  pres- 
sure, when  it  was  somewhat  readily  separated  into  two  portions 
distilling  at  130—135°  and  180— 185°  respectively. 

The  lower  fraction  consists  of  ethyl  'I'lMthylcyQlopeiUanone-Z-carb- 
oxylate  : 

0-1310  gave  0  3010  COj  and  0  0988  H.O.    C  =  627  ; 

CgHi^O,  requires  C»-63-5 ;  fi« 8*2  per  cent. 

This  ester,  when  hydrolysed  with  dilute  hydrodiloric  acid,  yidds 
2-mifAyfeyclo/)eittonone-3-cai'Aofl^ylM  oM^  which  melts  at  95®,  and  the 
preparation  and  properties  of  which  are  described  on  p.  582. 

The  higher  fraction  is  tHhyl  pentane-Pyt-triMrboiBSfkUt : 

01279  gave  0-2748  CO.,  and  0-0967  H.A    C  =  58  6  ;  U  =  8-4. 
Cj^Ho40,;  requires  C  =  58-3  ;  H  =  8*3  per  cent. 

A  small  quantity  of  this  oster  was  digested  with  hydrochloric  acid 
for  six  hours  and  evaporated  to  dryness,  when  a  syrup  remained  which 
gradually  crystallised.  The  mass  was  well  stirred  with  a  little 
concentrated  hydrochloric  acid,  transferred  to  porous  porcelain,  and 
the  almost  colourless  residue  crystallised  from  hydrochloric  acid, 
from  which  the  new  add  separated  as  a  colourless,  sandy  powder  and 
mdted  at  177° : 

0*1294  gave  0*2224  OO,  and  0  0710  H^.    C  =  46*9 i  H-6*l. 
Cfijfi^  requires  G  -  47*1 ;  H  «  5*9  per  cent. 

That  this  add  is  tribasic  was  shown  by  titraUon  with  dednormal 
sodium  hydiDxide,  when  0*1220  required  0*0713  NaOH  for  neutralisa- 
tion, whereas  this  amount  of  a  tribasic  add,  C^Hj^O^.  should  nentnOtse 
0  0719  NaOH. 

*  The  last  three  extractions  yielded  a  8yruj»y  acid,  which  oryatalliaed  oil  staudiDg 
aud  pioved  to  bo  almost  pure  peutaQe-/3Y« -tricarboxylic  acid. 
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Synthesis  of  Pentane- ^yt- tricarboxylic  Acid, 
C02H-CHMe-CH(CO,n)-CHo-CH./C02H, 
from  EUiyl  Cyano-fi-methylsuccinaU, 

This  synthesis  was  carrisd  oat  in  order  to  prove  that  the  acid  of 
melting  point  177%  obtained  as  explained  in  the  previous  seotiony  is 
pentane-^ye  tricarho^lic  add,  and  also  beeanse  it  was  found  to  be 
the  best  method  for  the  preparation  of  the  large  quantities  of  this  add 
required  for  this  research. 

Ethyl  cyaDo-^methylsuoeinate,  CO,Ei*0H(ON}*0HfiCe«OO,Et  (85*5 
grams),  prepared  from  the  sodium  derivative  of  ethyl  cyaDoaoetate 
and  ethyl  a-bromopropioDate  by  the  method  recommended  by  Bone 
and  Sprankliog  (Trans.,  1899,  75,  853),  was  converted  into  the 
sodium  derivative  by  the  addition  of  sodium  (3 "9  grams)  dissolved  in 
alcohol  (GO  c.c.)  auvi  mixed  with  ethyl  ^S-iodopropionate  (38  grams), 
the  whole  being  kept  as  cold  as  possible  during  the  addition.  After 
remaining  overnight,  the  product  was  heated  on  the  water-bath  for 
half  an  hour,  mixed  with  water,  extracted  with  ether,  and,  after 
washing  with  water  and  drying  over  calcium  chloride,  the  ether  was 
evaporated  and  the  residual  oil  fractionated  under  reduced  pressure, 
when  an  almost  quantitative  yield  of  ethyl  y-cyanopentane-Pyt-tri- 
carhoxylaU  was  obtained  as  a  colourless  oil  distilling  at  212*^ 
(25  mm.) : 

0-2060  gave  8*4  ce.  nitrogen  at  14^  and  752  mm.   N  -  4*7. 
OjjHqOqN  requires  N  «  4*5  per  cent. 

The  cyano-ester  was  hydrolysed  by  digesting  in  a  reflax  apparatus 
with  three  times  its  volume  of  concentrat-ed  hydrochloric  acid  for 
twenty  hours,  the  condenser  being  removed  every  couple  of  hours  for  a 
few  minutes  in  order  to  allow  the  alcohol  to  escape.  The  clear 
solution  was  evaporated  to  dryness,  and  the  solid  residue  of  acid  and 
ammonium  chloride  crystallised  several  times  from  concentrated 
hydrochloric  acid,  from  which  the  ]>entane-^y€-tricarboxyliG  add 
separates  as  a  ooloorlesSf  sandy  powder  melting  at  177°  : 

0*1247  gave  0*2157  00,  and  0*0685  H^O.   0  =•  46*8 ;  H = 6*1. 

CgHj^Og  requires  C»47*l ;  H-*5'9  per  oent. 

That  this  acid  was  identical  with  the  tribasicacid,  Ogll^gO^,  obtained 
as  described  on  page  580,  was  proved  by  the  fact  that  a  mixture  of  the 
two  specimens  melted  at  176 — 177°. 
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Ethyl  2-}fethyhyc\opeii(ano}ie''3  :  5-dicarhoxylate, 

The  AodiiiiD  derivative  of  this  ketonic  ester  is  readily  formed  when 
Bodiuin  reaets  with  ethyl  pe&tane-^yc-tricarboxjlate  under  the  following 
conditions.  Sodium  (23  grams)  is  melted  under  boiling  toluene,  and 
▼igorooBly  shaken  in  order  to  bring  it  into  as  fine  a  state  of  division 
as  possible,  the  toloene  is  poured  off,  the  sodium  powder  washed  with 
boDsene  by  deeantation,  and  then  mixed  with  ethyl  pentanetri- 
earbozylate  (144  grams)  dissolved  in  abont  150  grams  of  pure  dry 
beniene.  A  long  air  condenser  is  attached  to  the  flask,  and  the 
mixture  gently  warmed  on  the  water-bath  until  a  brisk  reaction  seta 
in,  the  flask  is  then  removed  from  the  water-bath,  and  the  reaction 
allowed  to  proceed  without  further  external  heating,  and,  indeed,  it  is 
sometimes  necessary  to  cool  the  flask.  After  about  half  an  hour,  the 
product  is  heated  on  the  water-bath  until  the  sodium  has  completely 
disappeared,  an  operation  which  requires  usually  two  and  a-half  hours. 
The  brown  mass  is  mixed  with  ether,  the  sodium  derivative  decom- 
posed by  ice  and  dilute  hydrochloric  add,  and  the  ethereal  solution 
separated.  The  aqueous  solution  is  twice  extracted  with  ether,  the 
combined  ethereal  extracts  are  then  well  washed  with  dilute  sodium 
carbonate,  which  removes  much  colouring  matter,*  and  dried  over 
calcitim  chloride.  After  distilling  off  the  ether  and  fractionating 
under  reduced  pressure,  almost  the  whole  quantity  passes  over  at  al>uut 
180°  (25  mm.),  and  consists  of  pure  ethyl  l-viethylcycXopmianone- 
3  :  5'dicarboxylatef  the  yield  being  about  70  per  cent,  of  that  theoret- 
ically possible  : 

0-2000  gave  0  4346  COj  and  0  1 368  n20.    0  =  69-3  j  H-7-6. 

C|,H|g05  requires  0  ■>  59*6 ;  H «-  7*4  per  cent. 
This  ester  is  a  colourless  oil,  the  alcoholic  solution  of  which  gives  a 
violet  coloration  on  the  addition  of  ferric  chloride. 

2'Methylcyc\openiimim8-9-<mrhoseylie  Acid, 

The  considerable  quantities  of  this  keto-acid  which  were  required 
for  this  research  were  prepared  either  by  the  hydrolysis  of  ethyl 

*  If  the  dark-colourad  eztnet  is  soidifiwl  with  dilate  bydiochlerio  add  and 

boiled  for  5  hours,  a  considerable  quantity  of  crade  2-mothyk^c7opentanone-S*eaTb- 
oxylic  acid  maybe  obtained  by  extraction  witli  other.  It  is  Vicst  jmrificd  bycon- 
version into  its  eeter,  and,  after  fractionating  this,  hydioljsing  with  dilate  hydro- 
chloric acid. 
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8-inethy1c;yel0peiitaiioiie-2 : 3-dicarboz  jUte  (p.  679)  or  of  ethyl  S-methyl- 
c^c/opentaAone-3 :  S-diearbozylato  (see  previous  section).. 

In  either  ease,  the  ester  was  digested  in  a  reflnx  apparatus  with 
four  times  its  volume  of  10  per  cent,  hydrochloric  acid  until  solution 
was  complete,  the  condenser  being  removed  from  time  to  time  in 
order  to  allow  the  alcohol  produced  to  escape.  The  clear  solution 
was  saturated  with  ammonium  sulphate  and  extracted  several  times 
with  pure  ether,  the  ethereal  solution  was  dried  over  calcium  chloride, 
evaporated,  and  the  residue  fractionated  under  reduced  pressure, 
when  almost  the  whole  quantity  distilled  at  190 — 193°  (20  mm.)  and 
crystallised  on  cooling.  The  crystallino  mass  was  left  in  contact  with 
porous  porcelain  until  quite  free  from  oil  and  then  crystallised  from 
ether,  in  which  it  is  readily  soluble,  b\it  from  the  concentrated  Bolution 
in  which  it  separates  in  hard,  nodular  masses : 

0-1296  gave  0*2826  GO,  and  0*0850  H^.   0-69*4 ;  H-7-2. 
01431    „    0:3091003  „  0*0936  H,0.   0-68*9;  H- 7*2. 
O^H^qO,  requires  0—59*1 ;  H— 7*1  per  cent. 

%M6thylcyc\opentanom'Z-carhoxylic  acid  melts  at  96°,  and  is  very 
readily  soluble  in  water  and  most  organic  solvents  ;  it  is  very  sparingly 
soluble  in  cold  light  petroleum,  but  dissolves  readily  on  warming  and 
FCpamtes,  when  the  solution  is  allowed  to  cool  slowly,  as  a  glistening, 
satiny  mass. 

The  seynicarhazone  was  prepared  by  addirifj  seiiiicarbazide  hydro- 
chloride and  sodium  acetate  to  a  hot  moderately  dilute  solution  of 
the  acid  in  water.  On  standing,  the  clear  liquid  gradually  deposited 
a  mass  of  crystals,  which  were  collected  and  crystallised  from  water, 
when  the  semicarbazone  was  obtained  as  a  Sandy  powder  which 
decomposes  at  about  200—202"^ : 

0*1010  gsTe  17*6  ce.  nitrogen  at  14<>  and  766  mm.   N-  20*6. 
OgHisOgNg  requires  N  — 21'2  per  cent. 

Xhe  Oxism. — In  order  to  prepare  this  derivative,  the  pure  acid 
(2  grams)  was  dissolved  in  water,  mixed  with  hydroxy lamine  hydro- 
chloride (2  grams)  and  potassium  hydroxide  (4  grams),  and  allowed 
to  stand  for  twelve  hours.  The  solution  was  aeidified,  extracted  with 
much  ether,  the  ethereal  solution  dried  over  calcium  chloride,  and 
evaporated,  when  a  syrup  was  obtained  which  soon  crystallised.  The 
prodoct  was  drained  on  porons  porcelain  and  crystallised  from  ether, 
from  which  the  oxime  separates  in  crusts,  which  soften  at  140^  and 
malt  at  about  165**  with  gradual  decomposition ;  at  160*^,  the  substance 
very  rapidly  becomes  dark  brown ; 

0-1963  gave  16-6  c.c.  nitrogen  at  18°  and  762  mm.  N*9-l. 

OjHi^OiN  requires  N  =  8*9  per  cent. 
VOL.  XOIU.  Q  Q 
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This  ozime  10  readily  soluble  in  water  or  alcohol,  bat  sparinglj 
so  in  dry  ether,  chloroform,  or  bensene. 

%-MeUtylQjQ\openUin<d  Z  ca/rboQcylic  Acid, 
HO-OH<£^^"^^i>OH-00^. 

The  redaction  of  2-niethyleye^opentanone*3-carbozyHc  acid  was 
carried  out  by  treating  the  solution  of  the  acid  (30  grams)  in  sodium 
carbonate  with  1*5  kilos,  of  ft eshly-prepared*^ sodium  amalgam  in 
a  bottle  fitted  with  a  mechanical  stirrer,  hydrochloric  acid  being  added 
from  time  to  time  in  such  a  way  that  the  Liquid  remained  always  slightly 
alkaline.  The  product  was  acidified  with  hydrochloric  add,  saturated 
with  ammonium  sulphate,  and  extracted  at  least  twelve  times  with 
ether  on  the  machine.  The  first  three  extractions  contained  always 
a  small  quantity  of  unchanged  keto>acid,  and  this  portion  was 
submitted  to  further  reduction ;  the  other  extracts  were  dried  over 
calcium  chloride,  evaporated,  and  the  viscid  syrup  distilled  under 
reduced  pressure,  when  the  pure  hydroxy-acid  passed  over  at 
182—185°  (20  mm.): 

0-iaOO  gave  0-3871  CO.,  an.l  01 310  Yl  ,0.    0  =  587  ;  H  =  81. 
C7HJ2O3  requires  C  =  58'3  ;  11  =  8  3  per  cent. 

ThiB  analysis  shows  conolnsively  that,  although  the  substance  is 
a  y-hydioxy -acid,  no  lactone  formation  had  taken  plaoc  iluring  distil- 
lation ;  it  is  therefore  probable  that  the  acid  prepared  by  the  method 
dt'scrilx'd  alvove  is  the  fm/is-modifi cation, 

2-Met/t  i/fcyc\ope)danol-3  carboxylie  acid  is  a  very  viscid  syrup,  which, 
directly  after  distillation,  sometimes  had  a  pale  chartreuse-green 
colour ;  it  is  readily  soluble  in  water. 

b'Brom<h  1  -•nuthylcycXQpentam-'Z'CCirboxylic  Acid, 
OHBr<^:(l',{{J^"j>OH-00,H. 

In  order  to  prepare  this  acid,  2-methy]c^c/opentanol*3-earboxyIio 
acid  is  mixed  in  a  flask  with  three  times  its  volume  of  aqueous  hydro- 
bromic  add  (saturated  at  O*'),  and  heated  on  the  water-bath  for 
half  an  hour.  The  product  will  have  separated  into  two  layers,  the 
upper  one,  consisting  of  the  bromo-acid,  is  often  dark  brown  while  hot, 
and  becomes  dark  blue  on  cooling.  After  adding  water,  the  heavy 
oil  is  extracted  with  ether,  the  ethereal  solution  well  washed  with 

•  Tho  sodium  ainilf^aTii  iiscd  in  thcise  oxiiei inienUs  was  always  prepared  from 
freshly  Uistillod  mercury  and  carefully  cleaned  sodium  because,  if  this  precnution  is 
not  observed,  the  redaction  of  the  keto^acid  is  always  very  slow  and  incomplete. 
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ivftter,  dried  over  calcium  chloride,  and  evaporated,  when  an  oil 
remains  which  alwayji  contains  some  unsaturated  acid  produced  hj 
elimination  of  hydrogen  bromide.  A  npecimen  which  had  remained 
for  some  hoars  in  an  evAcnated  desiccator  over  sulphuric  acid  gave 
the  following  results  on  analysis  : 

0-4131  gave  03195  AgBr.    Br  =  3:V0. 

CjHiiOjBr  requires  Br  »  38*6  per  cent. 

^  It  sometiniea  happens  during  the  preparation  of  the  bromo4icid  that 
a  quantity  of  cry»>tal8  separate  when  the  product  of  the  reaction  is 
allowed  to  remain  overnight.  These  were  collected  and  recrystalHsed 
from  formic  acid,  when  beautiful,  feathery  crystals  were  obtained, 
which  melted  at  130— 13 P,  and  were  found  to  consist  of  pure  l-methyl- 
A''^-c^c/opentene-2*cnrboxylic  acid  (see  p.  68B). 

Ethyl  BromomeAhy1cyAoi>Mia*t€eaifhoKylnt€, — This  ester  whs  prepared 
by  digesting  the  crude  bromo-acid  with  alcohol  containing  10  per  cent, 
of  sulphuric  acid  for  six  hours  on  the  water-Uath.  Water  was  then 
added,  the  oily  ester  extracted  with  ether,  the  ethereal  Rolution  washed 
with  dilute  sodium  carbonati',  di  ied  over  ca))  ium  chloride,  evaporated, 
and  the  est^-r  fractionated  un  lor  icduce  1  piessmt-.  wiien  it  distilled  at 
160—165^  (100  mm.)  and  at  about  145°  (50  mm.). 

Owing  to  the  [treseucc  of  uns.itur ited  ostors  (see  next  section), 
analysis  always  g  ivt^  a  percentage  of  bromine  considerably  lower  than 
that  theoretically  required. 

FtmiuUion  and  SeparaHon  of  l'3f€ihyl-A*-cjc\opmUme-2-emrhoxiiiie  AM 
and  I'JfMyl-^^-cyclopenimie-^-carhosiyUe  Aeid. 

The  esters  of  these  unsaturated  acids  are  produced  when  ethyl 
5-bromo-l-methylc^c/opentane-2-carboxylate  (see  the  last  section)  is 
digested  with  diet^ylaniline.  The  fraction  of  the  crude  bromo-ester 
distilling  at  160 — 170°  (lOO  mm.)  was  gently  boiled  with  three  times 
its  volume  of  pure  diethylaniline  for  two  honrs.  when  the  elimination 
of  hydrogen  bromide  proceeded  smoothly  and  with  very  little  darkening. 
The  product  was  mixed  with  much  ether,  the  ethereal  solution 
repeatedly  extracted  with  dilute  hydrochloric  acid,  dried  over  calcium 
chloride  and  evaporated,  and  the  residual  oil  fractionated  under 
reduced  pressure,  when  almost  the  whole  quantity  passed  over  at 
120—130^  (100  mm.).  This  pungent  and  very  unpleasant  smelling 
oil  is  a  mixtnreTof  the  eeters  of  the  two  acids  mentioned  at  the  head 
of  this  section,  and  the  separation  of  these  adds  was  accomplished  (as 
explained  in  the  introduction)  by  taking  advantage  of  the  faet  that 
the  ester  of  1-methyi-A^c^e^pentenecarboxylic  acid  is  much  more 
readily  formed  and  hydrolysed  than  that  of  the  1-methyl-A^-^yofo- 
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pentenecarbozylio  add.  The  Mpftration  was  readily  carried  out  under 
the  following  oonditiona. 

The  esters  (52  grains)  were  mixed  with  a  cold  solution  of  potassinm 
hydroxide  (30  grams)  in  methyl  aloohot,  when  it  was  notiosd  that  the 
tempetatare  rose  slightly,  but  care  was  taken  that  it  did  not  rise  at 
any  time  above  2(P.  After  remaining  overnight,  the  product  was 
*  diluted  with  water,  the  unchanged  ester  of  the  A*-aoid  eztraoted  with 
ether,  and  the  aqueous  solution  aeidified»  when  an  oily  add  separated 
which  was  eztraoted  with  ether.  After  drying  over  caldum  chloride 
and  evaporating,  the  oily  add  was  dissolved  in  methyl  aloohol 
(200  cc)  and  sulphuric  add  (10  ojo,)  in  the  cold,  and  allowed  to 
remain  for  twelve  hours.  Water  was  then  added,  the  oily  estsr 
extmeted  with  ether,  and  the  etheroal  extract  well  agitated  with  dilute 
sodium  carbonate,  when,  on  addifying  the  aqueous  extract,  about 
4  grams  of  the  ^'-acid  separated  at  ouce  in  a  crystalline  and  almost 
pure  condition.  This  process  of  esterification  and  hydrolysis  wixs 
repciited  five  times,  and  after  the  third  time  it  was  observed  thai  the 
acid  eslorified  re^idily  and  completely,  and  that  the  sodium  carbonate 
extract  did  not  yield  any  solid  acid  on  acidification. 

The  oil  from  the  fifth  esterification  distils  constantly  at  120 — 122^ 
(100  mm.),  and  is  pure  ethi^l  l-nielhyl-A^-cycloperUene-2-carboxylaU 
(p.  589). 

During  the  process  of  separation  from  the  A^-acid  by  esterification 
(see  the  previous  section),  this  acid  was  obtained  partly  as  the  fi-ee 
acid  and  partly  in  the  form  of  its  ester.  The  ester  was  left  in  contact 
with  a  large  excess  of  methyl-alcoholic  pota,sh  for  several  days  and 
until  hydrolysis  was  complete,  diluted  witli  water,  saturated  with 
carbon  dioxide,  and  evaporated  until  free  fioin  alcohol. 

When  the  cold  product  was  acidified  with  hydrochloric  acid,  the 
A'-acid  separated  at  once  in  a  crystalline  condition.  In  order  to  purify 
the  crude  acid,  it  is  dissolred  in  soiium  carbonate,  digested  with  animal 
charcoal,  and,  aft^r  filtering  and  acidifying,  the  colourless  precipitate 
is  collected  and  crystallised  either  from  ether  or  light  petroleum  : 

0-  1196  gave  0  2932  COg  and  0-0870  HgO.    C  =  66-8  ;  H»8i. 

requires  0-66-7  ;  H«7-9  percent. 

1- Methf/l-^^-cyc\opentene-2-earboxt/lic  aeid  melts  at  130 — 131%  and  ia 
readily  soluble  in  ether,  alcohol,  or  hot  light  petroleum,  hnt  sparingly 
so  in  water  or  formic  add  in  the  cold.  When  its  ethereal  solvtion  is 
allowed  to  evaporate  very  slowly,  it  separates  in  large^  striated,  foor- 
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sided  plates  or  prisms  with  bevelled  edges,  twin  crystals  being  frequent. 
It  is  readily  soluble  in  warm  formic  acid  (D  1*20),  and  oryetallises 
well  from  this  advent  in  long,  striated  plates.  The  most  convenient 
solvent  for  recrystallisation  is,  however,  light  petroleam  (b.  p. 
100 — 110°),  from  which  it  separates  in  needles  radiating  from  a  point. 
The  solution  of  the  acid  in  dilute  sodium  carbonate  rapidly  decolorises 
permangwmtey  and  the  chloroform  solution  readily  decolorises  bromine 
(see  below).  It  dissolves  in  concentrated  snlphorio  acid  to  a  colourless 
•dation,  bat,  when  warmed,  this  rapidly  becomes  dark  reddish-brown, 
and  solphnr  dioxide  is  prodnced  in  quantity.  The  finely-powdered  acid 
dissolves  in  much  hydrobromic  add  (saturated  at  0^),  but  without  the 
formation  of  an  additive  product,  since  the  sdution,  especially  when 
o^osed  to  air,  depodts  crystals  of  the  unchanged  add.  This  bc^viour 
is  unusual,  because  adds  of  this  kind  usually  combine  with  great 
readiness  with  hydrobi-omic  add.  The  double  linking  in  this  methyl- 
ctydbpentenecarboxylio  add  is  in  the  1 :5-po6ition,  and  it  was  thought 
posdble  that  intramolecular  change  to  the  1 : 2-position  might  take 
place  on  boiling  with  alkalis,  but  this  doss  not  appear  to  be  the 
case,  since,  after  digesting  with  potash,  of  density  1*3,  for  ten 
minutes,  the  acid  was  recovered  unchanged  on  the  addition  of  hydro- 
chloric acid. 

Ethyl  Methyl- \''-cy dojmitenecarhoxt/lale. — This  ester  was  prepared  by 
digesting  the  pure  acitl  (12  gi  aius)  with  alcohol  (100  c.c.)  and  sulphuric 
acid  (3  c.c.)  for  three  hours,  and,  after  remaining  overnight,  the 
product  was  dissolved  in  ether,  mixed  with  water,  the  ethereal  solu- 
tion thoroughly  washed  with  wat«r  and  dilute  sodium  carbonate,  dried 
over  calcium  chloride,  evaporated,  and  the  residual  oil  fractionated 
under  reduced  pressure  : 

0-1S78  gave  0  3530  CO^  and  0-1164  ttjO.    C  =  69  9;  H-9-1. 
CgHj^On  requires  C  -  701  ;  H  =  91  per  cent, 

Tho  ester  distils  constantly  at  133^  (100  mm.),  and  has  a  penetrating, 
unpleasant^  and  very  perdstent  odour,  which  dosely  rcsombles,  but  is 
perhaps  not  quite  so  pungent  as,  that  of  the  ester  of  the  A<add 
(p.  589). 

1  \b  Dibruuiu-\-methylcyc\oiicatanc-'l  cLu  boxylic  AouJLf 
0HBr<S^|;*^B^^H-0OJtt. 

In  order  to  prepare  this  dibromo-acid,  methyl-A^-cyc/opentene- 
earboxylic  add  (0*5  gram)  was  dissolved  in  chloroform  (10  c.c.),. 
cooled  in  ice,  and  bromine  added  drop  by  drop,  when  the  colour 
disappeeied  r^idly  at  first,  but  remained  when  0*63  gram  had  been 
added. 
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The  end  point  was,  however,  not  very  sharp,  and  a  trace  of  hydrogen 

bromide  was  formed.  The  amount  of  acid  taken  requires  0  64  gram  of 
bromine  to  form  tlie  dibromo-additive  product.  The  solution  was 
poured  on  a  clock  glu-^s  and  left  exposed  to  air  until  the  chloroiorm  had 
evaporated ;  the  solid  residue  was  theu  recrystailised  from  light 
petroleum  (b.  p.  70—80°)  : 

0-221  gave  0'2922  AgBr.    Br  =  56*2. 

C-Tf,,0,Rr  requires  Br«55*9  per  cent. 

I  :  6-DibromO'l-m§thyhyGiQpeniane'2-ixvrboKylic  acid  darkens  at  aboat 
150%  and  decomposes  vigorously  and  becomes  black  at  about  164^. 

It  is  readily  soluble  in  ether,  chloroform,  or  benzene,  but  sparingly 
so  in  light  petroleum  or  formic  acid  in  the  cold.  When  boiled  with 
formic  acid,  it  decomposes  vigorously,  and  the  solution  becomes  violet- 
black  and  deposits  black  flocks  on  the  addition  of  water. 

The  dibromo-acid  is  readily  decomposed  by  boiling  with  methyl* 
aloohoUc  potash,  and  the  solution  has  an  odour  of  bromoform ;  it  is 
also  deoomposei  by  silver  nitrate  and  nitric  add  in  the  cold  with 
abundant  separation  of  silver  bromide. 

Oxfidaiwn  qf  l-M«CA^A^-c}clo/>e7il«n«-2-oeir6oaBy^  AM  to 
y-AeeU^uiyrie  Aeid,  CU3-C0«0H./CH2-CH./CO2H 

In  this  experiment,  the  pure  acid  (2  grams)  was  dissolved  m  a  slight 
excess  of  dilute  sodium  carbonate  in  a  test  tube,  and  ozone  led  through 

*  In  order  to  become  act|n:iiiited  with  the  nu  clianisTti  of  the  oxidatiou  of  closed 
chain  unsaturated  acids  by  ozone,  we  peri tueu ted,  iu  the  tirst  iustauoe,  with  u«« 
lauroDolic  acid. 

'  This  acid  (2  gvama)  wu  dinolved  in  dilute  lodinm  carbonate,  and  owme  pMHil 
for  about  three  hoara  and  ontfl  it  was  no  longer  abeorbed.  WSen  the  deer  solution 
wts  aeiUifled,  saturated  with  ammonium  sulphate,  uud  extracted  with  <  thei  in  the 
usual  maiiiier,  it  yielded  a  syrup  which,  after  remaining  in  an  evacuated  desiccator 
over  sulphuric  acid  for  :\  ^Imi  i  timo,  soliditiod.  Afier  rapidly  washing  on  jwrous 
porcelain  with  light  peitukuui  (b.  ]».  80  -40  ),  the  substance  melted  at  about  47° 
and  proved  to  be  7 -diinethylacotobutx  ric  acid  : 

0-1297  gave  0  2880  CO.  and  0  1050  11,0.    0  =  60  6  ;  11  ^9  0. 

L'sHj^Os  requites  C«»60-8  ;  H  =8-8  per  oent 

The  acid  was  dissolved  in  water,  mixed  with  semiearbastde  bydioclilorid»  and 
sodium  acetate,  and  warmed  on  the  water*hath,  when  the  semioarbazone  aepamted  in 

gli.stc-uing  phiics.  It  orystallisi.-d  from  water  as  a  felted  mass  of  needles,  and  deooiu- 
posed  viguro\isly  it  about  IS?"*.  A  direct  comparison  showed  tliat  this  seniicarbazone 
was  identical  with  that  obtained  froin  .1  sporimon  of  7-dimethyIaeetobutyric  acid 
which  had  been  jnep^ired  on  a  previous  occasion  (Traub.,  1898,  73,  844). 

The  almost  quuutilativc  formaiiou  of  this  keto<acid  by  the  oxidation  with  osoue  is 
probably  the  most  oondusiTe  evidence  of  the  constitution  of  isolanronolic  add : 

✓OMetC'CSOsH  /OOMe  00,H 

OMe.<        1  — ^         CMe,<r  | 

tewLauioaolio  acid.  ^-Dimethylacelobutyric  acid. 
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the  solution.  Wheu  the  ozone  was  no  longer  absorbed  and  passed 
freely,  the  product  was  aciditied,  saturated  with  auimonium  sulphate, 
and  exti-acted  tivu  times  with  ether.  The  ethereal  sohition.  after  drying 
over  calcium  chloride  and  ev.iporatiug,  deposited  a  syrup  which  yielded 
bromoform  on  treatment  with  bromine  and  potassium  iiydroxido,  and 
gave  an  immediate  precipitate  with  semicarbazide  hydrochloride  and 
sodium  acetate.  The  semicarbazone  was  collected  and  crystalli.sed  from 
water,  from  which  it  separated  in  needles,  which  softened  at  170°  and 
melted  at  174 — 176".  It  was  found  to  contain  water  of  crystal- 
lisation :* 

0*1336  gave  0*2010  00,  and  0*0900  H^iO.   C  »  40*7 ;  H  »  7*4. 
0*1153   1$   21*2  cc  nitrogen  at  19*5*^  and  749  mm.  N-207. 

aH, 303X3,11,0  requiro8C-41*0;  H-7*3;  N-20-6  percent. 

These  results  seemed  to  jKiint  to  a  ketonic  acid,  O^Hj^Og,  probably 
y-acetobutyric  acid,  OH3'00*[CH.^]3*C02ll,  and  t^)  cnnfirra  this  the  semi- 
carbazoiie  of  this  acid  was  prepared  from  the  .^[locimen  originally 
obtained  by  Bentley  and  Perkin  (Trans.,  18UG,  69,  1513).  It  melted 
at  176^,  and|  when  mixed  with  the  specimen  described  above,  no 
alteration  in  the  melting  point  could  be  detected.  The  semicarbazone 
of  the  acid  from  the  osone  oxidation  was  decomjyosed  by  warming  with 
dilute  hydroohloric  acid,  the  acid  extracted  with  ether,  and  the  ethereal 
solution  evaporated,  when  a  syrup  was  obtained  which,  on  standing  in 
the  air,  soon  crystallised.  The  crystals  were  drained  on  porotts 
porcelain^  and  analysed  with  the  following  result : 

0*1247  gave  0*2256  COj  and  0*0922  Uft.    C  =  49-3;  H  -  8  2. 

C^HjQOjjHgO  requires  C  =  48-7  ;  H  =  81  per  cent. 

This  substance  melts  at  'A6°  and  was  proved*  by  direct  comparittOUy 
to  be  the  characteristic  kylraU  of  yaoelobtUyrie  acid. 


I'Melhyl-A*  c.yclopentene-2-carboxyliD  AMf 

It  is  explained  on  p.  585  that  this  acid  esterities  very  readily,  a 
property  which  renders  its  separation  from  the  A^-acid  a  compaiattvely 
ea^  matter.  The  ester  obtained  as  the  result  of  the  fifth  fractional 
asterlBcation  distilled  oonstantly  at  120^122*>  (100  mm.},  and  was 
pure  tikyl  l-nMyt-^^-cyt^openient^^-^arbosBifUUe : 

U         gave  0-3220  CO.^  and  0-0958  H^O.    C  =  66-4;  H  =  8-0. 
C^HjijOj  requires  C  -  OG  ?  ;  H  ^  7  9  per  cent. 

•  This  semicar1>azoue  had  Ix  cn  prepared  by  R(  tifL  y  :in<\  Perkin  aud  driad  at 
lOO^t  whra  th«  apeeimen  gave  namben  sgreung  with  the  formula  (J^HnO^f 
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This  ester  possesses  in  a  marked  de  gree  the  puugeut  and  mo8t 
vinplciisaiit  odour  characteristic  of  so  many  of  the  estors  of  cyclitr 
unsaturated  acids.  The  pure  ester  (20  grams)  was  now  mixed  with 
100  c.c.  of  10  per  cent,  methyl-alcoholic  potasli,  and  allowed  to  remain 
overnight.  Water  was  then  added,  the  clear  solution  saturated  with 
carbon  dioxide,  evap  )rated  until  free  from  alcohol,  acidified,  the  oily 
acid  extracted  with  ether,  and  the  ethereal  solution  carefully  dried  over 
caleinm  chloride.  The  ether  was  then  evaporated,  and  the  aoid  distilled 
under  reduced  pressure,  when  the  whole  quantity  passed  over  at 
16i— 165°  (100  mm.) : 

0  1032  gave  0*2634  GO,  and  0  0870  H,0.  G  »  697 ;  H »  9*3. 

GqHj^Oo  requires  O—70'l ;  HaB9'l  percent. 

l-Meth)/l-A*-(iyc\openlene-2-carboxijlic  acid  is  a  viscid  oil,  and  pob4>e6se3 
a  pungent  odour  similar  to  that  of  the  higher  fatty  acids.  It  behaves 
as  an  unsaturated  acid,  since  its  solution  in  chloroform  rapidly  decolor- 
ises bromine,  and  tlie  sodium  salt  instantly  decolorises  permanganate. 
When  it  was  boiled  with  concentrated  aqueous  potassium  hydroxide 
for  five  minutes,  it  became  dark  brown,  and,  on  acidifying,  yielded 
a  liquid  acid,  so  that  conversion  into  the  A^-acid  doea  not  appear 
to  take  place  under  these  conditions. 

4  i5'DibrotiiO-l-methylcyc\opentan6'2'Carboxylio  Acidf 

In  preparing  this  acid,  pure  \-metJiyl-^^y^op$iiUne  2-carhoxyUc 
aoid  (1*35  grams)  was  dissolved  in  three  volumes  of  chloroform, 
cooled  to  — 10^,  and  then  titrated  with  a  solution  of  bromine  in  chloro- 
form. The  colour  disappeared  instantly  at  first  and  rather  slowly  at 
the  dose  of  the  reaction,  and  remained  when  1*65  grams  had  been 
added,  the  end  point  being  fairly  sharp.  Theoretically,  1*7  grams  of 
bromine  should  be  absorbed  by  1-35  grams  of  the  unsaturated  acid* 
The  product  was  allowed  to  evaporate  on  a  dock  glass,  when  a  syrup 
remained  which  gradually  crystallised  and  became  semi-solid.  In 
contact  with  porous  porcelain,  the  oil  was  slowly  absorbed,  and  the 
colourless  residue  sepaiated  from  light  petroleum  (b.  p.  50 — 60^  in 
crusts  which  melted,  not  very  sharply,  at  106 — 108** : 

0-2850  gave  U  3740  AgBr.    Br  =  55  8. 

CfUjQOjBr^  requires  Br  »  55*9  per  cent. 


SYNTHESIS  OF  THE  TERPENES.    PART  XIL 


591 


QaeidaHan  of  l'JUeUiyl'^*-cyc]operUene-%earhoxylic  Acid  to  a-Meihyl' 
triearhaUylic  AM,  (X)sH*CHMe-CH(00^H)-0H,-0O2H. 

I'his  oxidation  was  carried  out  by  p.ussiu^'  ozone  into  the  solution  of 
the  sodium  salt  of  the  acid,  the  conditions  of  exporinient  being  the  same 
as  those  already  dt .scribed  in  the  case  of  the  oxidation  of  the  A  acid. 
The  product  was  warmed  on  the  water-bath  to  decompose  any  uu- 
changc'd  ozonide,  acidified,  saturated  with  ammonium  sulphate,  and 
repe  itedly  extracted  with  ether.  When  the  ether  was  removed  by 
evaporation,  a  dark  brown  oil  was  obtained,  which  showed  no  signs  of 
crystallisation  after  remaining  for  several  days  over  sulphuric  acid  in 
ao  evacuated  desiccator.  Tt  wa;?  dissolved  in  hot  water,  the  solution 
filtered,  and  heated  on  the  water-bath  with  an  excess  of  potassium 
dichroDjate  and  sulphuric  acid.  After  saturating  with  ammonium 
sulphate,  the  green  solution  was  extracted  several. times  with  ether  on  the 
machine,  and  the  ethereal  sol utiou  evaporated,  when  a  nearly  colourless 
syrup  was  obtained  which  soon  became  seini-solid.  In  contact  with  & 
little  concentrated  hydrochloric  acid,  the  oily  impurity  was  soon 
diMoIved,  leaving  a  colourless^  crystalline  acid,  which  was  drained  on 
porous  poioelain  and  twice  recrystallised  from  hydrochloric  acid,  from 
whieh  it  separated  in  small,  glistening  prisms  melting  at  177^  That 
this  acid  was  a-methyltricarballylic  acid  (m.  pu  180°)  was  proved  by 
mixing  it  with  a  specimen  which  had  been  prepared  from  the  sodium 
derivative  of  methylmalonic  ester  by  condensation  with  fumaric  ester 
(Auwers,  Kobner,  and  Meyenbnrg,  JBrn*,,  1891|  24,  2891),  when  the 
mixtora  melted  at  178— 180**. 

The  Action  qf  Magtiesium  Methtif  Todids  on  £thfl  ejcXoPeiUanone  'd- 

'i'he  el&yf  cjc\<>pmUin€n«oarhooiiylaU  required  for  these  experiments 
was  prepared  by  digesting  the  free  acid  (Kay  and  Perkiti,  Trans., 
1906,  89,  1646),  in  quantities  of  60  grams,  with  a  3  per  cent, 
solution  of  hydrogen  ehloride  in  aloohol  (180  grams)  lor  six  hours  on 
the  water-balh.  The  product  was  mixed  with  three  volumes  of  ether, 
the  ethereal  solution  repeatedly  vrashed  with  dilute  sodium  carbonate^ 
dried  over  ealoium  chloride^  and  evaporated.  On  fractionation  under 
teduoed  pressure^  the  ester  distilled  constantly  at  143^  (40  mm.) 
as  a  ooikwrless  oil  possessiBg  an  odour  somewhat  resembling  that  of 
applet: 

0*1873  gave  0'4186  OOj  and  0-1337  H.A    0  =  610;  H  =  7  9. 
CgHjjOj  requires  0  =  615;  H  =  7'7per  cent. 
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This  etter,  in  quantities  of  30  grams,  was  slowly  added  from  a 
dropping  funnel  to  an  ethereal  solntion  of  magnesium  methyl  iodide 

(containing  20  grams  of  magnesium),  the  contents  of  the  containing 
vessel  being  rapidly  stirred  by  a  turbine  and  the  whole  carefully 
cooled  with  ice  and  Mill.  AiLur  rumainiug  tor  four  days,  tlie  product 
was  cautiously  decomposed  by  ice  and  very  dilute  hydrocliloric  acid, 
the  ethereal  layer  separated,  and  the  acjueous  solution  repeatedly 
extracted  with  ether.  The  combined  ethereiil  extracts  were  dried 
over  calcium  chloride  and,  in  order  to  avoid  loss  of  any  volatile 
hydrocarbon,  the  ether  was  .slowly  distilled  off  wit  h  the  aid  of  a  column. 
The  residue  was  distilled  in  steam  and  the  distillate,*  which  contained 
a  considerable  quantity  of  an  oil  with  an  odour  of  peppermint,  was 
extracted  wiih  ether,  the  ethereal  solution  dried  and  evaporated  as 
before,  and  the  oil  fractionated  under  reduced  j)ressure. 

A  good  deal  of  oil  {>as<ed  over  below  100^  (200  mm.),  and  there  was 
a  large  fraction  at  l*iO — 125^  (50  mm.)  and  a  further  considerable 
fraction  at  115  — 125"^  (15  nitn  ).  After  repeated  distillation,  these 
fractions  yielded  a  mobile  oil,  boiling  at  150 — 155*^  under  the  ordinary 
pressure,  and  a  more  viscid  oil,  distilling  at  100 — 105°  (30  mm.). 

The  oil  distilling  at  150 — 155°  wss  twice  distilled  over  sodiam,when 
almoet  the  whole  quantity  passed  over  at  about  150° : 

0-  1836  gave  0*5990  CO,  and  0*1955  H,0.   C  -  88-9 ;  H  » 1 1  8. 

OqHj^  requires  C  «  88*5  ;  H  *  11  -5  per  cent. 

1-  Jlet/ti/l-li-i^opro/mii/lvyclopenlejie  (compare  p.  575)  is  a  colourless  oil 
with  a  pronounced  odour  of  lemons  and  peppermint. 

It  combines  with  hydrogen  bromide  and  with  bromine,  but  the 
amount  of  material  available  was  too  small  to  allow  of  these  additive 
products  l)eing  investigated. 

The  fraction  boiling  at  100 — 105"^  (30  mm.)  gave  the  foUowing 
result?  on  analysis : 

0*1912  gave  0  5374  CO,  and  0-1930  H.,0.    0  =  76*7;  H-ll*3. 
CytljjO  requires  C  =  77*l ;  M«  11*3  per  cent. 

I'Methyl^-iBOpropmolcyclopeni&ne  (compare  p.  575)  is  a  rather  viscid 
oil  with  a  strong  odoor  of  terpineol  and  peppermint,  it  is  sparingly 
soluble  in  water,  and  its  solution  in  aoetio  anhydride  gives  a  deep 
crimson,  nearly  ss  intense  as  solution  of  permanganatOi  on  the 
addition  of  a  drop  of  sulphuric  add.  In  order  to  obtain  the  corre- 
sponding terpin,  this  oil  (5  grams)  was  shaken  with  300  ce.  of  5 
per  centw  sulphuric  add  during  several  days,  and  until  it  had 
completely  dissolved.  The  dear  solution  was  extracted  once  with 
ether  to  remove  any  unchanged  carbinol,  it  was  then  saturated  with 

*  A  large  quantity  of  dark-coloured  lesLuuiis  matter  lemaiuud  in  the  diatiiling  ^ 
flask. 
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ammomum  sulphate,  and  extracted  ten  times,  on  the  maohine,  with 
large  quantities  of  ether.  The  extracts  were  dried  over  calcium 
chloride  iimi  ev  iponileil,  when  a  viscid,  nhnotst  colourless  oil  was 
obtained,  wiiicii  on  analysis  gave  niiiiiljei>.  closely  approximating  to 
those  re<)niieil  by  the  formula  0,,Hj^(),.  This  syrup,  which  i« 
probably  a  mixture  of  ctV  ami  <ra-/.><  inodilicaiions,  gradually  became 
bemi-.'.olid,  and,  in  conuut  witli  j  orou-^  porcelain,  the  oil  was  rapidly 
absorbed,  leaving  a  colourless  mass  \\  liich,  afier  crystallisation  from  a 
very  ^mall  (quantity  of  water,  yielded  the  following  re^uitb  on 
analysis : 

0-1135  gave  0-2813  HjO  and  01146  H.,U.    0-67  6  ;  H  =  11'2. 
Cj^HigO,  requires  C-68  3  ;  H- 11-4  per  cent. 

l'Mydra»ffA'meihyl'3'i6opropett4}lcyc]opmUane  (compare  p.  575) 
softens  at  70°  and  melts  at  75°,  and  is  excessively  soluble  in  water,  but 
rather  sparingly  so  in  cold  ether.  It  dissolves  readily  in  warm  ether, 
and  orystallises  slowly  from  the  concentrated  solution  in  feathery 
groups.  Its  solution  in  acetic  anhydride  gives,  with  a  trace  of 
aulphurio  aeid,  a  pink  solution  which  soon  fades. 

The  terpin  dissolves  in  fuming  aqueous  hydibbromic  add,  but  the 
solution  soon  clouds,  and  an  oil  separates  which  has  a  penetfating  and 
highly  characteristic  odour  resembling  that  of  sage  and  carraway  seeds. 

The  Action  of  MaynesiuiiL  Methyl  Iodide  on  Ethyl  i  Mtith^l-^*-cyclo' 

The  conversion  of  this  ester  into  l-i/M^^^2-i80^jMno/*A^-cyclo- 
pml9M  takes  place  almost  quantitatively  under  the  foUowing  condi- 
tions. Magnesium  (12  grams)  is  converted  into  magnesium  methyl 
iodide  in  the  usual  manner,  and,  after  cooling  well,  ethyl  methylcj,rc^a- 
pentenecarboxylate  (26  grams)  is  gradually  added.  There  is  little 
action  on  mixing,  but  afterwards  the  liquid  gradually  comes  to  the 
boil.  After  four  hours,  the  product  is  cautiously  decomposed  by  water 
and  dilute  hydrochloric  add,  the  ethereal  solution  washed  well, 
evaporated,  and  the  residue  left  in  contact  with  methyl-alcoholic 
potish  (10  grains  KOH)  overnight.  Water  and  ether  are  then  added, 
and  the  ethereal  solution  washed  well,^  dried  over  calcium  chloride, 
evaporated,  and  the  residue  fractionated  under  reduced  pressure,  when 
almost  the  whole  quantity  passes  over  at  95°  (30  moL) : 

0-1212  gave  03420  00,  and  0*1264  H,0.   0-76-9  ;  H-11-6. 
CgHjgO  requires  0  »  77*0  ;  H  « 11  *4  per  cent. 

*  The  ai|Ut  ouH  laytT  yields,  on  acidilicatiou  uud  extiiictiuu  with  ether,  a  mere 
trace  of  uuuhuiigt^d  auid,  showing  tkat  Iht;  uouveraiuu  iuto  the  carbiiiul  vtnn  pmctiuiliy 
oompletoi 


594 


HAWORTH  AND  PEBKIN:  BXPKftlMENTS  OK  THE 


l-M(8ihifl'^iBopropenol''/l*-cyc\op$n$in$  is  »  eolourlesfl,  ▼iseid  liquid, 
which  pOBflOflaoo  a  very  pungent  odour  of  terpineol  and  peppermint. 
It  yielda  an  intenee  reddiih-lNrowii  ooloration  when  a  drop  6f  sulphorio 
aoid  is  added  to  its  solution  in  aoetie  anhydride.  When  the  pure  sab- 
Btftuoe  is  quickly  added  to  an  aeetio  acid  solution  of  hydrogen  bromide 
(saturated  at  0^),  it  dissoWee  with  consideffable  evolution  of  heat^  and 
the  solution  beeomes  purple,  then  brown,  and,  finally,  dark  green. 

If,  however,  the  oil  is  gradually  added  to  the  bydrobromie  add 
solutioD,  cooled  in  ioe,  a  clear  solution  is  produced,  which  rapidly 
clouds  and  from  which  an  oily  layer  soon  separates.  When  this 
mixtare  is  allowed  to  stand,  the  lower  layer  becomes  da,i  k  brown  and 
the  oil  a  chartreuse-green,  and,  after  twelve  hours,  the  liquid  becomes 
an  intense  sage-green  and  the  oil  red.  It  is  unfortunate  that  it  was 
not  found  possible  to  convert  this  carbinol  into  a  crystalline  urethane 
or  nitroso-chloride,  and  the  only  crystalline  derivative  of  any  value  for 
its  identification  is  the  terpin  described  below.  When  the  carbiool  in 
mixed  with  phenylcarbimide  luid  allowed  to  remain  at  the  ordinary 
temperature  for  boveral  days,  oi'ystals  of  diphenyloarbamide  slowly 
separate. 

An  attempt  was  made  to  prepare  a  crystalline  nitroao-chloride  by 
leaving  the  pure  carbinol  (1'5  c.c.)  in  contact  with  ethyl  nitrite  (6  c.c. 
of  a  15  per  cent,  alcoholic  solution)  and  concentrated  hydrochloric 
acid  (1*5  C.C.),  but  the  nitroso-chloride  produced  was  a  thick  syrup. 
A  compaiative  experiment  showed  that,  under  exactly  the  same  con- 
ditions, ordinary  terpineol  is  rapidly  converted  into  its  crystalline 
nitroso-chloride. 

b-Hydroxjf-\-viethyl-2-i80propenolojc\optntane  (see  p.  578). — This 
crystalline  terpin  is  produced  in  a  fairly  good  yield  under  the 
following  conditions.  The  carbinol  (10  grams)  is  shaken  on  the 
machine  with  water  (600  c.c.)  and  sulphuric  add  (3  grams),  when,  even 
after  several  days,  a  considerable  brown,  oily  layer  separates  on 
standing. 

The  product  was  filtered  and  extracted  once  with'  a  little  ether,* 
the  aqueous  solution  was  then  saturated  with  ammonium  sulphate,  and 
extracted  five  times  on  the  machine  with  the  same  solvent.  After 
drying  over  calcium  chloride  and  evaporating,  the  ethereal  solution 
deposited  a  viscous  syrup  which  gradually  crystallised,  and,  in  contact 
with  porous  porcelain,  a  good  deal  of  oily  impurity  was  readily 
absorbed,  leaving  a  colourless,  crystalliue  mass.  The  substance 
was  dissolved  in  much  pure  ether,  filtered,  and  the  filtrate  con- 
centrated considerably,  when,  on  standing,  groups  of  colourless 

*  Tiiib  titiieieal  exiraut  yielded,  oa  cvaporatiuu,  a  browu  oil  which  contained, 
btiidw  nnobugid  csrbhiol,  a  ooatidsnble  qosntity  of  very  high  boiling  resinoat 
mstteCi 
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needles  eepanited,  which  were  colleeted,  washed  with  ether,  sod 
dried  over  sulphuric  acid  in  an  evacuated  deaiocator.  The  -  mother 
liquom  of  these  crystals  deposited,  on  concentration,  a  further  crop 
of  the  same  snbstance,  and  there  was  no  evidence  of  the  presence  of 
an  isomeride : 

0-1184  gave  0-2964  CO.  and  0'1250  H^O.    0  =  68-3  ;  H  =  ll-7. 
CHj^O.j  requires  C  =  68*3  ;  U  =  1 1  '4  per  cent. 

5-I/y(iroxij'\-methyl-2-\sopropenolcyc\openiune  melts  at  70 — 72",  and 
is  verv  sinnlar  to  tcrpin  in  appearance.  Tt  is  exce.'^fiivL4y  solublo  in 
water  or  alcohol,  sparingly  so  in  cold  benzene  or  light  petroleum  in  the 
cold.  It  dissolves  readily  in  warm  benzene,  and  separates,  on  cooling, 
as  an  oil  which  gradually  crystallises.  When  it  is  warmed  with  an 
acetic  acid  solution  of  hydrogen  bromide  (saturated  at  0°),  it  dissolves 
with  slight  evolution  of  heat,  and  the  solution  soon  douds  and  an  oil 
separates.  On  standing  for  several  days,  the  oil  remains  almost 
ooloorless,  but  the  solvent  becomes  an  intense  brownish-red. 


1  'Mtihyl^-isoprop^nyl-A^jtlopentemf 

CH<P^^£XJH-CMe:CH.^. 

It  lias  been  mentioned  in  the  introduction  (p.  578)  that  the 
elimination  of  water  from  l-methyl-2-i5opropei»ol-A*-c^c/opent<»ne 
results  in  tho  formation,  under  the  most  favourable  conditions,  of 
only  very  small  quantities  of  the  above  terpene,  the  principal  sub- 
stance always  obtained  beiiig  condensation  products  of  In^^hor 
molecular  weight.  When  the  carbinol  is  heated  with  potassium 
hydrogen  sulphate  under  the  usual  conditions,  it  yields  principally  a 
high  boiling  brown  oil,  and,  if  anhydrous  oxalic  acid  is  employed,  the 
result  is  a  viscid,  almost  black,  product.  The  Ciirl)inol  dissolves  in 
anhydrous  formic  acid  with  a  pink  colour,  and,  wlinn  heated  on  the 
water-bath,  the  solut  ion  separates  into  two  layers,  the  lower  acid  layer 
is  dark  brown,  whereas  the  upper  oily  layer  is  nearly  colourless.  If 
the  product  is  distilled,  some  methylwopropenylcyc^opentene  is  obtained, 
but  the  yield  is  most  unsatisfactory,  owing  to  the  formation  of  large 
quantities  of  polymerised  hydrocarbons. 

Attempts  were  then  made  to  bring  about  the  elimination  of  water 
at  the  (Ordinary  temperature  by  leaving  the  carbinol  in  contact  with 
ft  large  escess  of  magnesium  methyl  iodide  for  a  week,  bat  little  action 
took  place  and  almost  the  whole  of  the  carbinol  was  recovered 
nnchanged.  The  best  results  were  ultimately  obtained  by  heating 
the  carbinol  with  twice  its  weight  of  sncciDic  anhydride*  for 

*  Phthalic  anhydride  may  also  l)e  used,  but  with  lass  satiafactory  resuiu. 
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fifteen  minutefi  and  then  dint  ill  ing  in  steftm,  when  a  co1ourles9  oil 
paRsed  over,  I  flaying  a  dark  brown  oondensation  product  in  the 
distillation  flask. 

The  distillate  was  extracted  witli  etlu^r,  the  ethereal  solution  dried 
oyer  calcium  chloride,  evaporated,  and  the  residue  fractionated,  first 
alone  and  then  three  times  over  soditim,  when  a  colonrless  oil  was 
obtained  which  distiUed  at  !43^]45<>  (770  mm.) : 

0*2120  gave  0*6785  CO,  and  0-2230  HgO.    C  «  87  3 ;  H  « 11-6. 

C.^n^,  requires  C«»88'5  ;  H  « 1 1*5  per  cent. 

\- .\fethi/l-2-iso/'rope)ii/^ ■  :^^-cy<'\i*pfiiite)ie  \\  \s  a  distinct  odonrof  lomons. 
and  oxidises  very  reulily  in  the  air.  :i  f  ict  whieh  accontits  for  the 
somewhat  low  nnmhers  o'>(.'\ined  in  the  :ibov.-  analysis  Wh^n  a  small 
quantity  of  th*'  td  penc  was  placed  ovor  water  in  i  tube  sealed  at  one 
end,  the  absoiption  of  ()xy<:.  n  took  place  vi-rv  ia[)i<lly.  and  overnight 
the  level  of  the  water  had  risen  to  alni<  ~t  .  xaetiv  one-Hfth  of  the 
volume  ot  the  air  t  ik<Mi.  The  solution  of  the  terpeue  in  acetic  anhydride 
gives  an  intense  bloM<l-rod  coloration  when  a  trace  of  sulphuric  acid  is 
added,  and,  on  warming,  the  colour  changes  to  violet-black.  The 
terpene  does  nob  dissolve  in  an  acetic  acid  solution  of  hydrogen 
bromide  (saturated  at  0^),  but  a  good  deal  of  lieat  is  liberated,  and  the 
oil  becomes  brown,  then  blood-red,  and,  after  several  hour-,  a  deep 
sage-green.  The  dark  brown  condensation  products,  obtained  in  such 
quantities  during  the  preparation  of  the  terpene,  have  properties 
closely  resembling  those  described  in  more  detail  in  the  case  of  the 
corresponding  experiments  in  the  A^-series  (p.  597).  When  fraction- 
ated, a  good  deal  of  a  yellowish- brown  oil  distilled  at  170 — 175° 
(20  mm  ),  and  evidently  consisted  of  the  polymeride,  (OgHj^)., ;  it 
oxidised  very  rapidly  in  the  air,  and  gave  only  approximate  reeulte  on 
analysis. 

TA4  AeUon  of  Magntsvum  Bfethyl  Iodide  on  Ethyl  l-Methyl^^-cyoXo- 

It  has  been  pointed  out  in  the  introdaction  (p.  679)  that  this 
decomposition  proceeds  abnormally,  and  gives  only  a  very  small  yield 
of  the  corresponding  tertiary  alcohol.    In  several  experiments,  the 

pure  ester  (37  <^rams)  was  taeated  with  nlai.'ne^iuul  methyl  iodide 
(containing  17  grams  of  mn*;[nosium ).  :>nd  'he  product  was  left  over- 
night and  decomposed  by  oiluie  hydrocliloi-ie  acid  in  the  usual  manner. 

The  ethereal  solution  was  washed  with  <lilute  sulphurous  acid  to 
remove  iodine,  dried  over  calcium  chloride,  and  evaporated,  when  a 
brown  oil  was  obtained,  which,  by  distillation  under  reduced  pres- 
sure,  was  separated   into   three    tractions :    80 — 120°  (40  mm.), 
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17a-.172o  (IS  mm.),  and  236^230^  (16  mm.).  The  lowest  fraction 
yielded,  on  eareful  fractionation,  a  vmall  quantity  of  a  hydrocarbon, 
distilling  at  abont  147^  under  the  ordinary  presRure,  and  about  three 
giams  of  an  oil  boiling  at  (30  mm.).   The  oil  of  boiling 

point  liT^  is  doubtless  the  terpene,  but  the  quantity  was  so  small  and 
the  substance  oxidised  so  rapidly  in  the  air  that  no  analysis  was 
attempted.  The  oil  of  boiling  point  97 — 100^  (30  mm.)  had  a  strong 
odour  of  peppermint,  and  when  dissolved  in  acetic  anhydride  gave,  on 
the  addition  of  a  trace  of  sulphuric  acid,  a  red  coloration,  which  was 
di**iinctly  bluer  than  that  yiehled  by  the  corresponding  A^-carbinol 
{p  594)  under  these  conditions.  The  following  results  were  obtained 
on  analysis  : 

0  1965  gave  0  5450  CO.,  and  0-1940  H.,0.    C-75-7  ;  H  =  ll-0. 

CgHi,.0  requires  C  -  77  0  ;  H  «  11-4  per  cent. 
There  can  be  no  doubt  that  this  substance  is  I'tMihyl-^-iBOpropenol' 

ch«<^]J;;£!Ll>oH'C!M«»-oh. 

hot  the  amount  of  material  at  our  disposal  was  so  smidl  that  it  was 
impossible  to  inTestlgate  its  properties. 

The  fraction  170 — 172°  (18  mm.)  was  distilled  over  sodium  without 
altering  its  boiling  point  and  then  analysed : 

0*1146  gave  0*3613  CO,  and  0*1200  H^O.    O»86  0  ;  H»  11*6. 

(Cj,l  I  ]  J ,  requires  0  —  88*5  ;  H  — 11*6  per  cent. 

Subsequently,  it  wa.'^  discovered  that  this  very  viscid  hydrocarbon  is 
very  rapidly  oxidised  in  the  air,  and  this  fact  accounts  for  the  low 
numbers  obtained  in  the  above  analysis.  After  remaining  in  a  loosely- 
corked  test-tube  for  a  week  a  second  analysis  was  made,  and  the 
substance  found  to  contain  only  C  =  801,  and  H  =  10'3. 

A  small  quantity  of  the  hydrocarbon,  left  in  contact  with  air 
in  a  tube  over  water,  ab.sorbed  the  whole  of  the  oxygen  in  a  few 
hours.  No  further  experiments  were  made  either  with  this  hydro- 
carbon or  with  the  higher  fraction,  225 — 230°  (15  mm.),  mentioned 
above. 

The  authors  are  greatly  indebted  to  the  Research  Fund  Committees, 
both  of  the  Royal  Society  and  of  the  Chemical  Society,  for  grants, 
which  have  largely  defrayed  the  heavy  cost  of  this  investigation. 

Tbb  Univibsitt, 

Manohbstbb. 
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LIV,—A  P'Lactonic  Acid  from  Acetone  and  Malonic 

Acid. 

By  Andbbw  NojutAH  Mbldsum  (Oaroegie  Befiearcb  fellow). 

Trs  oondensatton  between  acetone  and  malonic  acid  migbt  well  be 
expected  to  yield  itopropylenemalonic  acid,  Me20:G(CO2H)2.  and  from 
tbie,  by  the  loss  of  carbon  dioxide,  dimethylacrylie  add, 

MegCIOH-COgH, 

migbt  reanlt.  Actoally  the  condensation!  as  it  proceeds  in  presence  of 
aoetio  anhydride*  (Massot,  Ber.y  1894,  27,  1225)  or  ammoniam 
malonate  (Knoerenagel,  D.K.-P.  162281)  does  result  in  dimethyl- 
acrylic  acid. 

Ethyl  wopropylenemalonate,  Me.,C!C(C02Et)o,  is  produced  by  heating 
together  ethyl  malonato,  acetone,  acetic  anhydride,  and  zinc  chloride. 
On  hydrolysis  of  the  ester,  isopropylenemalonic  acid  is  obtained 
(Meyenberg,  Ber.,  1895,  28,  785). 

Wishing  to  study  the  reaction  between  acetooo  and  malonic  acid,  the 
author,  on  Professor  Japp's  suggestion,  employed  as  condensing  agent 
acetic  anhydride  with  the  addition  of  a  little  sulphuric  acid.  Under 
these  conditions,  the  reaction,  wiiich  prococMis  smoothly  and  without 
the  application  of  heat,  yields  in  the  course  of  twenty-four  hours  a 
crystalline  acid  melting  at  97'',  which  is  a  new  condensation  product 
of  acetone  and  malonic  acid,  since  it  is  neither  dimethylacrylie  acid 
(m.  p.  70^^)  nor  wopropylenemalonic  acid  (m.  p.  170 — 171°). 

Analysis  and  molecular  weight  determi nation  load  to  the  formula 
O.H^<  >,  for  the  substance,  which  is  evidently  formed  according  to  the 
equation : 

Titration  with  alkali  showed  that  the  acid  is  monobasic,  so  that  it  is 
probably  a  lactonic  acid.  Treatment  with  excess  of  alkali,  with  the 
object  of  obtaining  direct  evidence  of  the  presence  of  the  lactonic  group, 
was  found  to  cause  disruption  into  acetone  and  malonic  acid.  Neverthe- 
less, there  can  hardly  be  a  doubt  that  the  subfttance,  considering  the 

MeX— CH'0O,H 

method  of  its  formation,  has   the  constitution        n    rn  ' 

that  iS|  it  is  the  /^-lactone  of  fi-kydrw^aopropylmdionie  add.  The 
formation  of  the  lactone  may  therefore  be  represented  as  follows : 

MejCfO+CHj(CX).^H).,  =  Me2C(OH)-CH(C0^11)2- 

H  jO  +  Mej^--^'00,H 

*  Komnenos  {AnnaUn^  1883,  218,  H7,  168),  using  acetic  ^^cid  as  condensiug 
agent,  obtalotd  cvotoolc  add,  lCeCH:OH*0(>|H,  from  nalonle  add  and  panldehyde, 
tut  fooad  that  thais  waa  no  naotion  betwaan  aialoiiie  add  and  acatoaa. 
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Olomly  related  to  this  /3-Iaetone  is  one  whioh  has  been  desoribed  by 
Baeyer  and  YiUiger  {Ber.,  1897,  30,  1 954,  see  also  Fichter  and  Hirseh, 
JSer.,  1900,  33,  3270).  The  parent  substance  of  Baeyer  and  Yilliger's 
laetone  isai^dimethylmalieacid,Me3C(C0.^H)  CH(0H)  C0,,H  (io  which 
the  relative  positions  of  the  «0H  and  'GOoH  groups  are  precisely  the 
reTerse  of  what  they  are  in  the  isomeric  )3-hydroxjt«opropyliiialonic 

aeid),  and  the  lactone  itself  IS  • 

It  is  remarkable  that  the  only  two  ^-lactones  known  in  the  fatty 
series  should  be  isomerides,  and  should  both  contain  the  grouping 
Meg'C'CH'CO^H.    It  would  appear  that  the  grouping,  Me2C*CH2  is 

Specially  adapted  to  the  formation  of  /3-laotone8,  although  it  is  difficult 
to  find  an  explanation  of  this  interesting  point.  The  following  com- 
parison shows  that  the  two  lactones,  closely  related  as  they  are,  differ 
considerably  in  properties : 


• 

Me,C-CH'CO,H 
(Baeyer  and  Yilliger). 

Me,C-CII-CO,H 
(Meldmm). 

Hydrolyris  by  dilute 
sold. 

45-47*. 

Oivee  C«H|04,U,0. 

Qivea  oc'dimethylnalic  acid. 

Gives  the  anhydride  of  cm- 

dimethylmalic  acid,  with- 
out cdiiuiuation  of  carbon 
dioxide. 

97*. 

Gives  no  compound. 

Qives  maloBio  add  and  acet- 
one. 

Gives  carbon  dioxide  and 
reunoofl  prodnota. 

EXPBBIMBNTAL. 

Me.,C-CH*00-H 

fi-LaeUm$  oj  P-Hydroxjfisopropylmalimic  Acid,      Q'OO  ' 

When  malonic  acid. (104  grams), acetone  (116  grams), and  aoetie 
anhydride  (S04  grams)  are  mixed  there  is  little  change,  but  on 
addition  of  sulphuric  add  (9  cc)  a  rise  in  temperature  occurs  and  the 
malonie  add  soon  dissolyes.  After  twenty-four  hours  the  liquid  gives 
a  crystalline  depoeit,  which  can  be  increased  by  leaving  in  a  freezing 
mixture  for  a  short  time.  The  yield  of  the  crude  substance  is  65~70 
grams,  and  is  apparently  not  increased  by  varying  the  proportions  of 
material  or  the  other  oondittons  of  the  experiment.  The  mother 
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liqaor,  on  evaporatioii  at  the  ordinary  temperature,  yields  oidy  impure 
malooic  acid  (30  grams).  The  solid  is  oolleeted,  washed  with  eold 
water,  and  erystsllised  from  aoetone,  from  which  it  sepaiafces  in 

oolomrlesB,  transparent  fonr^ided  plates  or  prisms  obliquely  terminated, 
and  melting  at  97^. 

When  the  temperature  is  raised  above  97®  the  liquid  tnms  yellow 
and  finally  brown,  while  carbon  dioxide  is  evolved,  the  decomposition 
from  130^  upwards  being  rapid.  In  hot  water,  ether,  alcohol,  or 
chloroform,  the  substance  is  much  more  soluble  than  in  the  cold 
solvent : 

0-2934  gave  0-53T8  00,  and  0  1465  Up.    C-4ft.-98i  H-6-56. 
O^HgOf  requires  O»60-00;  k»6*66  percent. 

The  lactone  is  decomposed  by  hydrobromic  acid  in  the  cold,  with 

separation  of  malouic  acid ;  when  digested  with  baryta  water,  a 
preci{)itate  of  barium  malouatu  is  produced.  Heated  with  aniline,  it 
yields  acetone,  carbon  dioxide,  and  acctanilido. 

A  determination  of  the  molecular  weight  in  acetone  solution  by  the 
boiling-point  method  (in  the  Lumsden-Walker  apparatus),  which 
Mr.  W.  E.  S.  Turner,  M.Sc.,  kindly  undertook,  gave  the  following 
numbers : 


Weight  of 

aabstanoe,  in  grams.  Elevatton.  Yolnme,  in  ce.  MoL  wt 

1-61                 103-                '27  1  128 

0-93                  211. 4  125 

0-84                   32  4  126 

0*74                86'8  127-5 


(The  boilirg  point  elevations  have  been  corrected  for  the  change  in 
hoOing  point  doe  to  the  increase  of  liquid  and  therefore  of  pressure  in 
the  hoiling  tube.)  As  the  solution  becomes  more  dilute^  the  molecular 
weight  seems  to  increase,  a  phenomenon  often  observed  in  acetone 

solution.   On  plotting  the  molecolar  weight  against  the  eUvatioD,  the 

molecular  weight  at  zero  elevation,  that  is,  at  infinite  dilution,  is  found 

to  bo  131).    OgHgO^  requires  niol.  Nvt,  =144. 

The  equivalent  of  the  acid  was  determined  by  titration  with 
standard  alkali  (of  which  4293  c.c.  neutralise  the  equivalent  in  grams 
of  any  acid): 

0-4405  required  I3-8  C.C   Equivalent-    ?i*05  x  4293  ^  j^^.^ 

ko'o 

The  potessinm  and  sodium  salts,  which  are  veiy  soluble  in  water, 
are  obtained  by  evaporating  the  respeotive  solutions  in  a  vacuum 
desiccatcr.  The  polaanum  salt  consists  of  prisms  or  striated  plates. 
Two  different  specimens  were  analysed : 
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0-3722  gave  01676  K^SO^.  K  - 19-03. 
0-3211    „    0  1396    I        K  =  19-54. 

CgH^O^I\,lUO  requires  10-56  per  cent. 

The  iodium  salt  consists  of  six-sided  plates : 

0-4747  gave  0-2003  Na^SO^.    N»  - 1 3-67. 

CgH704Na  requires  13*85  per  cent. 

The  sodium  and  potassium  salts  are  white,  but  they  turn  yellow  in 
the  coune  of  two  or  three  months. 

The  tUver  fait  is  obtained  as  a  white,  microcrystalline  precipitate  on 
adding  silver  nitrate  to  a  solution  of  the  sodium  salt.  It  darkens  when 
kept  for  some  time : 

0-1948  gave  0  0838  Ag.    Ag  ^  43  01. 

C^jUyO^Ag  requires  43  02  per  cent. 

The  barium  salt  is  very  soluble  in  water  and  was  not  analysed.  On 
boiling  its  solution,  a  white  substance  separated  which  was  found  to 
consist  of  barium  malonate : 

0-293  gave  0  2708  BaSO,.    Ba- 64-41. 

CjHgO^BajH.^O  requires  Ba  =  53'4  per  cent. 

The  readiness  with  which  the  /3-lactone  of  ^S-hydroxyiiepropyl- 
malonic  acid  decomposes^  either  into  malonio  acid  and  acetone,  or  in 
other  directions,  has  proved  a  great  hindrance  to  its  investigation 
The  author  has  commenced  the  study  of  its  behaviour  with  various 
reagents,  in  particular  with  phosphorus  pentachloride  and  with 
ammonia. 

The  author,  who  first  prepared  this  substanoe  nearly  four  years  ago 
in  the  CSbemical  Department  of  Aberdeen  University,  but  had  to 
discontinue  the  investigation  for  some  time,  feels  grateful  to  Professor 
Japp  and  to  Professor  Perkin  for  the  interest  they  have  shown  in  it. 
The  expenses  of  the  investigation  have  been  defrayed  by  the  Executive 
Committee  of  the  Gamegie  Trust  for  the  Universitiee  Scotland. 

Chemical  Dbpabtuent, 

Thb  University, 
Hahchxstbb. 
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LV, — Derivatives  of  pam-Diazinminob^nssene. 
By  QiLBBRT  T.  MoBOAN  and  Feanobb  M.  G.  Micklkthwait. 

A  GROUP  of  aromatic  diazo  derivatives  exists  in  wbich  the  original 
diazoniuni  complex  may  be  considered  to  have  undergone  condensation 
with  another  reactive  substitiu'nt  of  the  aromatic  nucleus.  In  general, 
this  condensation  may  be  regarded  as  being  due  to  the  oj>eration  of 
one  or  both  of  two  factors,  namely,  internal  salt  formation  nnd  the 
tendency  for  ring  formation.  Accordingly  the  diazo-compounds 
produced  by  internal  condensation  may  be  classified  under  the 
three  following  headings : 


1. — InUi'nal  Diazonium  >Suli8. 

The  best  known  substances  of  this  class  are  the  so-called  diazo- 
sulphonic  acids,  of  which  *^  diazobenienesolphonic  acid,"  derived  from 
sulphanilio  acid,  is  the  simplest  example.  This  compoond  and  its 
homologues  are  produced  even  in  the  presence  of  strong  mineral  adds, 
and  they  are  undoubtedly  internal  salts^*  arising  from  the  interaction 
of  the  powerfully  basic  diaionium  complex  and  the  strongly  add 
sulphonio  group. 

That  the  tendency  for  ring  formation  plays  little  or  no  part  in  lAie 
production  of  these  internal  diaaonium  salts,  is  evident  from  the  fact 
that  they  are  obtained  from  all  aromatic  aminosulphonio  adds,  what- 
ever be  the  orientation  of  their  aminio  and  sulphonio  groups.  Metanilic 
and  the  heteronudear  aminonaphthalenesnlphonio  adds,  for  example, 
furnish  these  diasonium  salts  with  the  same  readiness  as  sulphanilio 
and  ni^hthionic  adds.  These  oondensatioD  products  have  the 
properties  of  sulphonates  of  moderately  strong  bases,  and  when 
treated  with  a  stronger  base,  such  as  an  alkali  hydroxide,  they  are 
deoompoaedi  the  heterocyclic  ring  undergoing  fission  in  the  following 
manner : 


*  It  is  somewhat  unfoitanate  that  tho  true  natarc  of  theso  substancos  is  nut 
iudicatcd  by  their  u;'ial  designation.  Armstrong  and  lli.btrtsou  (Tnms.,  1905,  87, 
1282)  hnvo  reforred  td  tho  above  uoiu pound  as  beuzeuediAZOuiuiu  panuulphonato, 
but  this  suggestion  has  uot  bcon  generally  adopted. 
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It  is  on  aooonnt  of  this  property  that  these  internal  diazonium  salts 
have  been  so  extensively  employed  in  the  colour  industry.  Similar 
internal  diazonium  salts  have  also  been  obtained  from  the  aromatic 
amino-carboxylic  acids. 

2. — Cifdic  2>uus<heompaunidi  dw  to  Ring  F^muOkn* 

The  diazo-derivatives  obtaine,d  from  the  ortho-diaminee  oome  under 
this  heading.  As  in  these  oompoonds  the  two  contiguous  groups  are 
both  basic,  there  can  be  no  question  of  salt  formation.  The  tendency 
to  ring  formation  is,  howeyer>  so  strong,  and  the  condensation  occurs 
so  readily  even  in  the  presence  of  excess  of  strong  acid,  that  the  inter- 
mediate diasonium  salts  hare  never  been  isolated.  o-Diazoimino- 
bensene,  the  simplest  example  of  this  class  of  diaio-compoands»  is 
generally  represented  by  formula  III,  although  two  other  configura- 
tions (IV  and  Y)  have  been  suggested  (Trans.,  1906,  87,  75) : 

O^L     0:S>-  OS- 

(in.)  (IV.)  (V.) 

These  ortho-diazoimines  are  distinguished  from  other  cyclic  diazo- 
compoundVj  by  their  great  stability,  and  no  satisfactory  method  has 
yet  Ijeen  devised  for  opening  the  nitrogen  ring  present  in  tliese 
substances.  Strong  hydrolysing  agents,  whether  acid  or  alkaline, 
effect  no  change  short  of  destroying  the  whole  structure  of  the 
molecule.  It  is  noteworthy  that  1 : 8-naphthyienediaiiuiie  yields  a 
peri-diazoimine  of  this  stable  type. 

Meta-  and  para-diamines  and  also  the  heteroiuiclear  naphthylene- 
diamines  (other  than  the  peri-derivative)  do  not  yield  diazoimines, 
and  it  may  therefore  be  concluded  that  a  close  proximity  of  the 
amino-groups  is  required  for  this  condensation.  The  colourless,  stable 
o-diazosulphides  obtained  by  Jaoobson  and  others  (Annalen,  1893, 
277,  210)  from  the  o-aminothiophenols  probably  belong  to  this  olass 
of  diaso>componnds. 

3. — Diazo-compowids  due  both  to  Soli  and  Ring  Formation, 

The  first  diazo-compound  discovered  byGriess  (Annalen,  1858,  113, 
201),  namely,  4  : 6-dinitrophenylene  2-diazo-l-oxide,  derived  from 
picramic  acid,  is  a  typical  example  of  this  class,  hi  this  instance,  the 
salt-forming  tendency  existing  between  the  diazonium  complex  and 
the  phenolic  hydroxyl  group  i.s  reinforced  by  the  ring-forming  tendency 
due  to  the  proximity  of  the  two  reacting  groups.  A  similar  coudensa- 
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tion  occurs  with  the  ortho-  and  putirdiasopbenols,  and  also  with  their 
nitrated  and  halogenated  derivAtiTee  (Hanteach  and  Dayidaon,  Bar., 
1896,  29,  1522).  S-AmiwH&  naphthol  and  its  derivatiTes  similarly 
yield  peri-dia«H>zideB. 

That  these  diazoH>zide3  result  from  the  oomhined  operation  of  both 
salt-forming  and  ring-forming  tendencies  is  evident  from  the  fact  that 
such  condensiition  products  are  not  obtained  from  the  meta-diazo- 
pheuols.  The  ortho-,  para-,  and  peri-diazo-oxideH,  unlike  the  ortho- 
and  peri-diazoi mines,  react  with  strung  acids  or  alkalis,  regenerating 
respectively  either  diazonium  salts  or  alkali  diazo-oxides,  and  are 
accordingly  capable  of  being  employed,  like  t^e  diazouium  sulphonates, 
in  the  production  of  azo-colouring  matters. 

Hitherto  no  mention  has  been  made  of  para  diazoimines,  the  reason 
being  that  j»-phenylenediamine  and  its  homologues  have  not  been 
found  to  undergo  this  condensation  on  diazotisation.  Nevertheless, 
several  condensation  products  have  been  obUiined,  which  can  be 
regarded  as  aryl  and  aoyl  derivatives  of  the  hypothetical  para-  * 
diazoiminobenzene. 

Until  quite  recently,  the  only  compound  of  this  series  known  was  * 
the  unstable  substance  produced  by  treating  a  solution  of  phenyl-;p 
aminobenMnediazonium  chloride  with  caustic  potash  or  ammonia  ;  its 
existence  was  first  observed  by  Ikuta  {Annalen,  1888^  243,  282) 
and  the  compound  (X)  \  ;is  afterwards  isolated  in  a  state  of  purity  by 
Hantzsch  (Ber,,  1902,  35,  895).  In  1905,  the  authors  of  the  present 
communication  disooveied  that  a  very  stable  series  of  psra-diaio- 
imides  could  be  prepared  by  treating  the  diasonium  sslts  of  the  aryl- 
snlphonyl-parsrdiamines  with  aqueous  sodium  acetate.  IQieee  para- 
diasoimides  were  oharacterissd  by  their  yellow  colour,  sparing 
solubility,  and  the  facility  with  which  they  could  be^either  reconverted 
quantitatively  into  the  original  diasonium  salts,  or  combined  with  a 
phenol  or  naphthol  to  furnish  an  aso-compound. 

As  para^aioimides  were  not  obtained  when  the  arylaulphonyl 
groups  were  replaced  by  other  acyl  groups,  further  experiments  ware 
made  in  order  to  ascertain  whether  this  condensation  was  due  to  some  . 
specific  property  of  the  arylsulphonyl  group,  apart  from  its  acidic 
nature.  The  results  recorded  in  the  present  communication  show  that 
a  similar  result  can  be  obtained  when  the  sulphonyl  group  is  replaced 
by  a  picryl  radicle  which,  although  comparable  with  the  former 
group  in  acidic  character,  is,  nevertheless,  quite  different  in  chemical 
structure.  The  observations  described  in  the  experimental  section  also 
demonstrate  that  the  stability  of  the  diazoimine  is  determined  by  the 
acidic  character  of  the  substituent  attached  to  one  of  the  aminic 
nitrogen  atoms,  for  as  the  nitro-groups  are  successively  eliminated 
from  the  picryl  substituent,  the  resulting  diazoimines  become  in- 
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cmaingly  unstable  until  horn,  ^-nitropheayl-p-pheuylenediamuke  a 
diasoimine  is  obtained  which  is  as  readily  deoomposable  as  Hantssch's 
exploeive  phenyl-^-pheDylenediasoimine  (ho*  eit,). 

The  lellowing  series  of  dtainines  was  examined :  2 : 4 : 6-trinitro- 
pheDyl-^phenylenediamine»  2  : 4-dinitrophenyl-;^phenyl6nediamine^ 
4-mtn>pheDyl  -  p  -  phenylenediamine^  and  S  •nitsophenyl  -  p-phenylene- 
diamine,  and  the  expevkoents  showed  that  as  the  addic  character  of 
the  subetitaent  diminished  the  readiness  with  which  condensation 
oocurred  also  decreased.  The  diasEoimine  (VII)  from  2:4:  6-trimtro- 
phenyl-/>-pheDyIeDediamine,  like  the  diazoimides  coDtainiDg  aryl- 
sulphonyl  groups,  was  precipitated  from  the  golution  of  the  corre- 
Bponding  diazonium  ball  uu  the  addition  of  sodium  acetate. 
2: 'i-Diiiitropheiiijl-i^phenyltiiediazoimine  (VIII)  was  not  precipitated 
from  a  solution  of  2  :  A.-dinitr<>phenyl-\i-aminohenz€iiediazonium  chloride 
by  sodium  acetate,  but  only  after  the  addition  of  potassium  hydrogen 
carbonate.  Even  the  bicarbonate  did  not  determine  the  precipitation 
of  ^-nitrophenyl-i^plienylenodiazoimim  and  2-n%trophmyl-o-pheiiylene- 
diazoimine  (IX),  these  substances  being  only  deposited  on  the  intro- 
ductiuii  of  aqueous  ammonia.  In  this  respect,  these  isomerio  diazo* 
imiDes  resemble  phenyl-;?-phenylenediazoimine  (X). 

A  comparison  of  the  results  described  below  with  those  formerly 
obtained  by  Hantzsch  {loc.  cit.)  with  phenyl-;>phenylenediamine,  and 
by  the  authors  with  the  arylsulphonyl-/;-dianiides,  is  shown  in  the 
diagram  on  page  606,  where,  on  the  left,  are  indicated  the  acids 
corresponding  with  the  substituents  of  the  ami  no-groups  of  the  para 
diamines  and  their  diasoninm  salts*  The  first  two  compounds  in  this 
▼ertical  column  are  benzenesulphonic  and  picric  acids,  two  substances 
which  are  comparable  in  acidic  strength,  and  from  the  latter  down-  ' 
wards  there  is  a  gradual  diminution  in  acidity  doe  to  the  successive 
elimination  of  nitro-groups  which  corresponds  with  a  gradual  decrease 
in  the  stability  of  the  diazoimino-derivatives. 

The  diazoimide  (VI)  and  the  diasoimine  (VII)  exhibit  the  same 
degree  of  stability,  but  from  the  latter  to  the  diasoimine  (X)  there  is 
a  gradual  falling-off  in  this  respect.  However,  in  spite  of  the  decom* 
posaUe  natore  of  the  less  nitrated  members  of  the  series^  it  was  found 
possible  to  show  that  they  all  possess  the  same  general  chemical 
properties^  of  which  the  two  most  characteristic  are  (1)  reconversion 
into  the  original  diasoninm  saltjby  cold  mineral  acid;  (2)  additive 
combination  with  /3-ni^hthol  to  form  aso-derivatives.  Hantssch's 
phenyl-y-phenylenediaaoimine  was  reexamined  from  this  point  of 
view,  and  fonnd  to  regenerate  the  diasoninm  chloride  with  hydro- 
chloric acid  at  -12^,  and  to  combine  additively  with  jS^naphthol  in 
the  presence  of  pyridine. 

In  this,  as  in  former  commnnicationsi  the  authors  have  retained 
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the  cyclic  diazoimino-foiiunlatiou  (XI)  for  these  diazoimines  and 
diazoimides  iti  pitifereuce  tu  Ihu  (j[uiuouoid  contiguration  (XII), 


NR 


(XI.) 


NR 

0 

•  • 

0 

•  • 

Q 

\£n:n 

N  =  N 

N=:N 

(XlII.)^ 

(XIV.) 

not  because,  in  the  authors'  opinion,  the  lattei?  structure  is  absolutely 
inadmissible,  but  owing  to  the  drcumstanoe  that  the  eWdenoe  obtained 
in  the  course  of  their  experiments  points,  on  the  whole,  to  the 
diasoimide^oonstitntion^as  offering  the  simplest  explanation  of  the 
production  and  properties  of  these  compounds. 
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Hm  aigamente  in  faTOvr  of  «ush  formula  may  be  SQtniiiansed  aa 
follows : 

Quinonoid  Stincture. — 1.  The  yellow  colour  of  these /Hiiazoimidee  and 
their  sensitiveness  to  light. 

2.  The  marked  contra,st  Ijetween  the  very  reactive  para-diazoimides 
and  their  isomendes,  the  inert  orthodiazoiiuides,  points  to  an  essential 
constitutional  difTorence,  inconipatihle  with  the  similarity  of  structure 
shown  by  formulie  (III)  and  (XI). 

3.  The  absence  of  colour  in 

«tf- ben zenesulphony  1  -o- beDzylenediazoimide  (X V ), 

0,H,-SO,-N  ^N,  0,H,.SO,-]|f— 

■ -X)  CO 

(XV.)  (XVI.) 
a  compound  in  which  the  quinonoid  arningeraent  is  impossible,  but 
which  in  all  its  chemical  properties  resembles  the  yellow  para-diazo- 
imides (Trans.,  1906,  89,  1162). 

Diazoimino-stniciure. — 1.  The  colour  of  the  />diazoimides  is  not 
incompatible  with  the  presence  in  their  molecule  of  the  group 

R— Nj-NR'— , 

where  R  and  R'  are  aromatic  residues,  for  this  arrangement  is  present 
in  the  similarly  coloured  diazoaminoKsompounds,  which  also  resemble 
the  diazoimides  in  other  respects. 

2.  The  constitution  of  the  ortho-diazoimides  stands  in  want  of 
revision,  and  therefore  affords  no  trustworthy  guide  to  the  cause  of 
the  observed  diiferencee  between  the  two  series  of  ortho-  and  para- 
diazoimides.  Even  supposing  the  two  series  to  have  the  same  arrange- 
ment of  nitrog^  atoms,  yet  the  oiroomstanoe  that,  in  the  para- 
compounds,  these  atoms  form  part  of  a  seyen-membered  ring,  bat  are, 
in  the  ortho-series,  included  in  a  five-membered  ring,  would  snflke  to 
account  for  the  great  difference  in  stability  of  these  two  types  of 
diasdmides. 

3.  The  existence  of  a  yellow  peri-diasoimide  (XYI),  similar  in  all 
respeets  to  the  para-diasoimides,  renders  the  hypothesis  of  a  quinonoid 
structure  for  the  latter  quite  unnecessary,  for  not  only  has  peri- 
naphthaquinone  not  been  prepared,  but  even  if  it  were  known  it  is 
difficult  to  see  how  it  could  be  formulated  otherwise  than  as  a 
peroxide  (XYII): 

O — O  o  o    o  o  o 

•  ■ .  ••••  •••• 

i^V^  /V\  /v!\ 


I  ji  I  1  I  II  II  11  II  I I 
\/\-^  \/\^ 

(XTii.)  (xriii.)  (zix.  (XX.) 
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The  f ofmnlation  as  a  diketone^  evea  when  effected  with  the  kaat 
amoimt  of  rearraogeDient  of  the  valeactee,  would  lead  to  the  aaramp- 
tion  of  a  five-tnembered  ring  as  in  the  formula  (XYIII),  or  of  ihree- 
membered  rings  as  in  formulae  (XIX)  and  (XX).  It  is  highly 
improbable  that  any  linking  up  of  carbon  atoms  ooeors  in  the  forma- 
tion of  the  peri-diasoimide  (XYI),  as  tikis  snhstanoe  is  readily 
reoonyerted  into  an  ordinary  naphthaienediasoiumn  salt  by  the  agency 
of  oold  acids. 

The  arguments  stated  for  and  against  the  quinonoid  structure  of 
diazoimidos  apply  with  equal  force  to  the  question  of  the  coDstitution 
of  the  closely  allied  diazo-oxides.  These  substances  were  formerly  formu- 
lated as  cyclic  diazo-oxides  (XllI),  but  recently  it  has  become  custom- 
ary to  represent  them  as  quinonediazides  (XIV).  This  change  of 
opinion  appears  to  be  based  on  Wolff's  observation  (Aiuialen,  1900, 
312,  126),  that  diazotetrouic  anhydride,  which  he  formulates  as  a 
diazo-oxide  {XXI), 

(XXI.)  (XXII.) 

differs  from  the  aromatic  diaio-ozides  in  colour  and  several  other 
properties,  and  also  to  some  esitent  on  the  fact  that  the  stable  colourleds 
o-diasoeolphides  (Jaoobson,  Anmthth  ^  cU,)  are  markedly  dissimilar 
from  the  a-  and  jnliacoKixides.  It  is  donbtf whether  this  evidence  is 
sufficiently  relevant  to  justify  the  replacement  of  the  cyelie  formnla 
by  a  quinonoid  configuration,  which  could  not,  for  the  above-mentioned 
reasons^  be  extended  to  the  dosely-related  peri-diaao<>zides  (XXII), 
obtained  from  8-amino-a-naphthol  and  its  derivatives  (D.R.-P. 
55404,  62289,  81282,  and  82900). 

Experimental. 
2  ;  4 : 0'TrinUropJ^nyl-it-phent/lenediamtnc  (Picryl-igrphdn^miA' 

This  base,  which  was  first  obtained  by  Wedekind  (An*.,  1900, 88^  - 

435),  may  be  readily  prepared  by  heating  together  for  a  few  hours  in, 
dry  toluene  a  mixture  of  />-phenylenediamine  (9  grams),  picryl  chloride 
(13  grams),  and  anhydrous  sodium  acetate  (6  grams).  After  evaporat- 
ing off  the  toluene,  the  crystalline  product  is  washed  with  warm 
alcohol  and  recrystallised  from  ethyl  acetate,  from  which  solvent  it 
separates  in  lustrous,  black  prisms  melting  at  185 — 187°.  Picryl-p- 
phenylenediamine  crystallises  also  from  amyl  alcohol  or  glacial  acetic 
acid,  and  separates  either  in  dark  red  or  almost  black  prisms  ;  it  has 
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bftsio  properties,  and  disflolyes  in  strong  hydrochloric  acid  to  form  a 
sparinglj  solnble  hydrochloride. 

When  the  fofegoing  preparation  is  carried  ont  with  molecular 
proportions  of  the  diamine  and  picryl  chlcnride^  the  picrylT^phenylene- 
diamine  is  found  to  be  contaminated  with  a  non-basic  substance 
insoluble  in  ethyl  acetate,  amyl  acetate,  glacial  acetic  acid,  or  toluene. 
This  by-product,  when  crysUillised  from  nitrobenzene,  separated  as 
a  red,  crystalline  powder,  which  dissolved  in  aqueous  alkali:>  and  did 
not  melt  below  260''  : 

0-1972  gave  36  2  c.c  nitrogen  at  19^  and  760  mm.    N  =  2M1. 
CigHioOijNg  reqnires  N  »  21  *13  per  cent. 

This  compound  is  therefore  6i«-2  : 4 :  fi4rimiroph$ni^^'pkmyUM- 


2:4:  Q'Triniirophenyl-^^-pheHi/len^dictzoimitie,  (J^H^^^  ^•^s(^^i)s^ 

Picryl-^-phenylenediaiuine  is  not  readily  diazotised,  as,  oven  in  the 
presence  of  excess  of  mineral  acid,  the  solutiuu  of  its  diazonium 
chloride  froths  considerably,  and  soon  deposits  a  brownish-red  sub- 
stance. In  Older,  tlierefore,  to  obtain  the  diazoiniine,  the  freshly 
prepared  solution  of  the  diazo-salt  was  hltered  into  aqueous  sodium 
acetate,  and  the  red  precipitate  washed  with  water  an<l  alcohol.  When 
dry,  the  product  dissolved  in  benzene,  and  is  separated  on  the  addition 
of  light  petroleum  in  clusters  of  brownish -red,  diamond- shaped 
Aggregates.  The  substance  exploded  at  120 — 130°,  emitting  clouds  of 
black  ttnoke : 

0*1930  gave  42*6  c.c  nitrogen  at  19^  and  763  mm.   K  »  25  47. 
0*4148   „   0-6694  CO,  and  0  0895  H,0.   0-44*01 ;  H -2-39. 
Oj^HqO^N^ requires  N- 25*47;  0  -  43-63;  H-l*81  percent. 

On  extracting  the  crude  diaasoimine  with  benaen^  a  brown  residue 
was  left  which  was  not  explosive.  This  subetance^  which  seemed  to 
be  identicsl  with  the  brownish-red  by-product  formed  during 
diaaotisation,  was  not  further  examined. 

The  diazoimine,  when  intimately  mixed  with  /8-naphthol  and 
moistened  with  dry  pyridine,  showed  very  little  sign  of  combination 
until  the  mixture  was  gently  warmed,  when  the  formation  of 
azo-compound  immediately  occurreil,  and  the  mass  reddened  and 
acquired  a  green  metallic  reflex.  The  product,  when  freed  from 
excess  of  /?  naphthol  by  extraction  with  warm  alcohol,  was  dLssolved 
in  ethyl  acetate  or  toluene  and  precipitated  from  the  latter  solvent  by 
alcohol.    2:4: 6-TrinUropIienyl-p-ajmnobenzetieazo-p-naj)hUiol, 

C,H^NO,VNH-CeH,-N,-CioH.-OH, 
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was  thus  obUdned  as  a  crystalline,  reddish-brown  powder,  blackening 
at  190^,  and  melting  at  2ir* : 

0  1842  gave  27  8  c.c.  nitrogen  at  19°  and  759  mm.    N-  17*35. 
CjjHj^O^Nq  requires  N  =  17'72  per  cent. 

This  azo-j8-naphthol  cannot  be  prepared  by  adding  2  : 4  :  6-trinitio- 
phenyl-/haminobenzenediazonium  chloride  to  alkaline  /8-naphtliol,  for 
the  product  thus  obtained  contained  only  lO'SS  per  cent,  of  nitrogen, 
was  very  soluble  in  alcohol,  and  did  not  melt  below  260"^. 


2  :  l-/>m.<ro^»,rf.i^y Wi«««i»*.  C.H,<J'*'«^*^°»)». 

2 : 4-DinitrophenyI-/>-phenylenediamine,  prepared  according  to 
Nietzki  and  Ernst's  method  {Ber.,  1890,  23,  1852)  by  boiling  together 
molecular  proportions  of  cbloro-2  :  4-dinitrobenzene  and  /)-phenylono- 
diamine  in  alcoholic  solution  containing  anhydrous  sodium  acetate, 
was  crystallised  from  benasne,  when  it  separated  first  in  flakes,  which 
redissolved  as  the  solution  cooled,  and  then  in  lustrous,  red  crystals, 
which  melted  at  190"^,  and  not  at  177°  as  stated  by  the  above  anthers. 

2  :  ^'Diniirophanyl-p  ammohenzenediazonium  cfUorid$t 

CoH3(N02)2-NH-OeH^-N,-01,  H,0, 
was  obtained  by  diazotising  the  somewhat  insoluble  red  hydrochloride 
of  the  preceding  base,  when  a  clear  sdntion  was  obtained,  which 
yielded  a  mass  of  transparent,  golden-yellow  needles;  these  were 
recrystalUsed  from  very  dilute  hydrochloric  acid,  washed  successively 
with  dilute  hydrochloric  acid,  alcohol,  and  ether,  and  finally  dried 
over  quicklime : 

0*2380  gave  0*0974  AgOl.   CI  - 10*13. 

CjJlgO^NjCljHaO  requires  01 » 10  40  per  cent. 

This  salt  seems  to  undergo  hydrolytio  decomposition  when  treated 
with  water. 

2  :  4c-Dinilropheayl-^  aminobenzenmzo-^-naphlholy 

C,H3(NO,),-KHC,H,.N,-C,oU,.OH, 
was  obtained  as  a  scarlet  precipitate  on  pouring  a  solution  of  the 
preceding   diazo-salt   into   alkaline  )3-naphthol.    It  was  somewhat 
soluble  in  benzene  or  toluene,  but  separated  from  alcohol  as  a  red, 
microcrystallino  powder  melting  at  230°  : 

0-2222  gave  32-8  c.c.  nitrogen  at  20°  and  758  mm.   K»  16-84. 
O^fiifi^^  requires  N«  16*31  per  cent. 

Addition  of  sodium  acetate  to  the  dear  yellow  solution  of  the  diaio- 
salt  did  not  produce  any  precipitate,  and  accordingly  after  three 
hours  potassium  hydrogen  carbonate  was  introduced,  when  a  red, 
crystalline  substance  was  deposited,  the  precipitation  being  then 
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complete.  These  crystalsi  which  had  a  velvety  tezttire^  exploded  on 
warmiDg  at  1 10—115** : 

0*1548  gave  32-8  c.c.  nitrogen  at  19°  and  762  mm.    N  =  24'44. 
0-1716    „    0-3170  CO2  and  0-0484  HoO.    C  -  50  38  ;  H  -  313. 
CijHyO^Nj  requires  N  =  24-5G  ;  C  -  50  52  ;  II  =  2  45  per  cent. 

2  :  i-Dinitropheiiyl-p-pheni/lenediazoiniine  dissolves  slightly  in  alcohol 
and  may  be  recrystallised  from  benzene,  but  not  withoat  partial 
decomposition  ;  it  darkens  rapidly  on  exposure  to  light. 

A  nuxturo  of  this  diazoimino  and  /3-naphthol,  when  moistened  with 
pyridine  and  gently  Wiirmed,  immediately  yielded  the  azo-derivative. 
This  product  was  freed  from  ^-naphthol  with  aqueous  caustic  soda 
and  then  crystallised  from  toluene,  when  it  separated  in  lustrousy 
transparent,  red  prisms,  melting  at  233 — 235"^,  and  giving  practically 
the  same  melting  point  when  mixed  with  the  azo-^-naphthol  obtained 
from  the  diazo-salt.  Both  preparations  developed  a  deep  purple 
ooloration  with  concentrated  sulphuric  acid,  the  liquid  assuming 
a  bine  tint  on  gradual  dilution  with  ioe-eold  water. 

« 

The  method  described  by  Bandrowski  (Ck^m.  CetUr,,  1900,  71,  852) 
was  followed  in  preparing  4-nitrophenyl-;7-pheuylenediamine ;  8  grams 
of  4-bromonitrobenMne»  6  grams  of  phenylenediamine  (1*6  moleeales), 
and  4  grams  of  fused  sodium  acetate  were  intimately  mixed,  moistened 

with  10  c.c.  of  alcohol,  and  heated  in  a  sealed  tube  for  eight  hours 

at  IGO — 170^    The  product  was  thoroughly  extracted  with  ether,  and 

the  soluble  substance  left,  after  removing  the  solvent,  was  washed 
with  hot  water,  and  then  extracted  with  hot  dilute  hydrochloric  acid. 
The  base  liberated  from  this  solution  crystallised  from  benzene  in  red 
leaflets  and  melted  at  205*^ ;  the  temperature  formerly  given  for  this 
melting  point  was  211 — 212°.  When  diazotised,  the  sparingly  soluble 
yellow  hydrochloride  of  this  base  furnished  a  solution  in  which  neither 
sodium  acetate  nor  potassium  hydrogen  carbonate  caused  a  precipitate. 
The  addition  of  ammonia,  however,  determined  the  formation  of  an 
insoluble  diazoimine,  which  separated  in  micaceous,  red  crystals  having 
a  copj>ery  lu><tro.  The  dry  substance  exploded  when  rubbed,  and 
on  warming  to  60—65°  was  projected  violently  from  the  melting- 
point  tube  : 

0-1792  gave  34  6  c.c.  nitrogen  at  17^  and  762  mm.    N  =  22-48. 
0  1456    „    0-3210  COj  and  0  0480  np.    C  =  6011  ;  H« 3-66. 

0|A0,N4  requires  N»23-33 ;  O-60  00;  H»3*33  per  eent. 
The  diaioimine  readily  combined  with  iS-naphthd  in  the  pceeenoe 
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of  pyridine,  the  aao-derivattye  orystalllsed  from  benxene  in  loBg, 
black  prieme : 

0*1830  gave  22*4  co.  nitrogen  at  18^  and  774  mm.  Kb  14*40. 

CjjHjgOgN^  re(niiree  N»  14*68  per  cent. 

4i'NUrup/ienyl-p-aminohenze7iea  zo-jS-mtpht/i  <tl, 

NO,-C,.H,-NH-CV,H,-NyO,oH,-OH, 
was  also  prepared  from  the  diazo-salt  and  y9-naphtliol.    Both  prepara- 
tions melted  at  266°  and  developed  with  concentrated  sulphuric  acid 
a  bright  crimsoa  coloration,  which  assumed  a  violet  tint  as  the  acid 
became  diluted. 

2-Nitroplienyl-p-phenylenediamine  wus  prepared  in  the  sanie  way  a,s 
the  preceding  diamine  from  2-bromonitrobenzene  and  />-phenylene- 
diamine.  The  mode  of  extraction  was  siuiilar,  and  the  base  was 
finally  obtained  as  a  reddish- black,  crystalline  product  (m.  p. 
IOj — 106°)  with  a  green,  metallic  reflex. 

The  sparingly  soluble  hydrochloride  of  2-nitrophenyl-p-phenyleiiedi- 
amine  when  diazotised  yielded  a  solution  of  the  diaso>8aIt  from  which 
neither  sodium  acetate  nor  potassium  hydrogen  carbonate  pieoipitated 
the  diazoimine ;  this  compound  was,  however,  deposited  as  a  scarlet 
precipitate  when  the  well-cooled  ammonia  is  added  to  the  sodium 
acetate  solution.  This  diazoimine  was  even  more  unstable  than  its 
isomeride ;  it  darkened  at  30^,  and  exploded  at  85—90°.  The  dry 
snbstance  also  exploded  when  gently  rubbed  on  a  hard  surface : 

01880  gave  0*4132  GO,  and  0*0670  TIfi.   0  »  59*94  j  H  -  8  96r 
0*1802   „    33-0  cc  nitrogen  at  18^  and  773  mm.  N«21*55. 

Ci2HsO,N^  requires  0-60*00;  Ha3*d3  ;       23*33  per  cent. 

2-Nitropheivjl-Tp-phenyUne(iinzoimine  was  precipitated  in  the  amor- 
phous condition  and  could  not  be  crystallised,  as  it  underwent  decom- 
position even  when  kept  dry  at  the  ordinary  temperature.  In  these 
circumstances,  it  gradually  lost  in  weight  owing  to  the  elimination  of 
nitrogen  ;  the  rapidity  with  wiiich  this  change  occurred  accounts  for  the 
low  results  obtained  on  estimating  this  element. 

A  freshly  prepared  specimen  of  the  diazoimine  was  rapidly  dried  on 
porous  tile,  and  left  in  contact  with  ^-naphthol  and  pyridine  at  the 
ordinary  temperature.  The  product  was  extracted  with  alcohol,  and 
the  dark  residue  dissolved  in  benzene  ;  this  solution,  on  the  addition 
of  light  petroleum,  yielded  a  brick-red  azo-derivative»  which  blackened 
at  130\  and  melted  at  158—160°: 

0*1136  gave  U-5  c.c.  nitrogen  at  IS'' and  758  mm.  N«14-7U. 
O^Hj^OgN^  requires  N«  14*58  per  cent, 
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NO,-aeH,-NH-C,H,-N,C\JI,-OH, 
can  also  be  prepared  by  tbe  direct  mteraction  of  2-tiiirophenyl-/7- 
anunobenaenedlaioiiiiiin  chloride  and  alkaline  /3>naplitliol.  With 
concentrated  enlphnric  add,  the  aso-compound  developed  a  crimson 
coloration,  which  changed  to  deep  blue  as  the  solution  absorbed 
moisture.  In  the  dry  state,  tbe  particles  of  this  azo-yS-naphthol  were 
found  to  be  highly  electrified. 

Fheni/l-p-phenyUriediazoimim  {Ber.,  1902,  35,  88S), 

■"8 

This  diasoimine  was  prepared  by  diaxotising  phenyl-/>-pheny]enedi- 
amine  hydrochloride  with  sodium  nitrite  and  excess  of  weU-cooled 
dilute  hydrochloric  add*  and  treating  the  clear  solution  thus  obtained 
with  cold  dilute  ammonia^  The  brownish-yellow  precipitate  was 
collected,  dried  on  cooled  tiles,  and  subjected  to  the  following  tests. 

One  portion  was  made  into  a  paste  with  ice^ld  water  and  treated 
with  cooled  hydrochloric  add  (1,  strong  acid  ;  2,  water),  the  reagents 
being  cooled  in  a  f  reeling  mixture.  The  diasoimine  dissolved  almoet 
entirely,  and  the  filtered  solution  was  shown  to  contain  the  diasonimn 
salt  by  adding  one  portion  to  ammonia,  whan  the  diasdmine  was 
regenerated,  and  also  by  introducing  another  portion  into  alkaline 
^-naphthol,  when  phenyl-p'aminobenzeneazo-P-napMkol, 

CeH,-NH-C«H,-N,-C,,H,.OH, 
WAS  obtained.  This  compound  crystallised  from  benzene  or  toluene  in 
biownish-black  leaflets  melting  at  168 — 170°.  It  was  also  produced 
by  mixing  the  diazoimine  with  )8-naphthol  and  pyridine,  when 
lustrous,  black  lea  (lets  were  obtained.  The  azo-jS-naphthol,  when 
dissolved  in  alcohol  and  precipitated  by  the  addition  of  water,  was 
deposited  as  a  black,  crystalline  powder  with  a  metallic  lustre  : 

0*1456  gave  14*4  c.c.  nitrogen  at  16^  ami  764  mm.    N  =  11'60. 
CooHj^ONj  requires  N  =  12  38  per  cent. 

The  azo-^-naphthol  prepared  by  either  of  the  foregoing  methods 
developed  with  concentrated  sulphuric  acid  a  bright  cherry-red 
coloration,  which  changed  to  blue  as  the  solution  absorbed  moisture 
from  the  atmosphere. 

The  anthcwB  desire  to  express  thdr  thanks  to  the  <}oTemment 
Grant  Committee  of  the  Royal  Sodety  for  a  grant  which  has  partly 
defeayed  the  expenses  of  this  investigation. 
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LVl. — A  Study  of  t/ie  Dlazo-reaction  in  tlie  Diphenyl 

Series, 

By  GiLBfiJiT  T.  MoBQAN  aod  F&KHCEa  M,  G.  MiCKLErawAiT. 

Although  there  is  a  general  similarity  between  the  komoniidesr 
arosBatic  para-diamines  saoh  as  /^-pbeDylenediamine  and  the  hetero- 
nodear  bases  of  the  benzidine  type,  yet  the  fact  that  in  the  latter 
series  the  amino-groups  are  situated  in  different  rings  leads  to 
certain  peeoliarities  in  the  chemical  reoetiona  of  the  diphenyl 
bases. 

When  ;3-phenylenediamine  and  benzidine  are  treated  with  sufficient 
sodium  nitrite  in  the  presence  of  excess  of  mineral  acid,  thoy  are  )x)th 
converted  into  biaJiazonium  salts,  but  in  tlie  case  of  tlie  latter  base  a 
modification  of  the  works  process  of  diazotisation  has  been  found  to 
lead  to  the  production  of  the  intermediate  aminodiazonium  salt, 
NII^Cl-C^H^-C^jH^-NaCl  (Farbenfabriken  vorm.  F.  Bayer  &  Co., 
D.R.-P.  51576,  and  Badische  Anilin-  &  Soda-Fabrik,  D.K.-P.  52661). 
Taiiber,  who  throws  some  doubt  on  this  reaction,  has  shown,  neverthe- 
less, that  the  intermediate  compound  results  from  the  interaction  of 
the  hydrochloride?!  of  fully  diazotised  benzidine  and  the  undiazotised 
base,  the  yield  of  the  aminodiazonium  salt  being  approximately 
.80—90  per  cent.  (Fier.,  1894,  27,  2628). 

Fully  diazotised  benzidine  has  the  peculiiir  property  of  combining 
rapidly  with  one  molecular  proportion  of  a  phenol  or  reactive  amine, 
forming  an  intermediate  substance  still  containing  a  diaso-gronpi 
which  couples  slowly  with  a  second  molecule  of  the  phenol  or  amine. 
The  manufacture  of  Congo  red  furnishes  an  excellent  example  of  this 
combination  in  two  stages. 

On  the  theoretical  side,  these  results  have  had  some  bearing  on  the 
speculations  relating  to  the  steric  relationship  of  the  two  phenyl 
groups  in  benzidine,  the  current  opinion  being  that  the  two  nudei  are 
doubled  on  themselves  so  as  to  render  the  amino-groops  oontiguoos. 
This  proxtmitj  would  lead  to  some  steric  hindrance,  as  in  the 
foregoing  aso*condensation,  and  would  also  account  for  the  manner  in 
which  the  bisdiaionium  chloride  can  be  decomposed  in  two  stages  on 
treatment  with  absolute  alcohol  ,(Asr.,  1898,  31,  479). 

This  view  as  to  the  dose  proximity  of  the  amino-groupe  rsosives 
further  confirmation  from  the  fact  mentioned  in  the  patent  D.R.-P. 
51576,  and  again  referred  to  by  Yaubel  and  Seheuer  {ZeiUek.  Farb, 
Ind,,  1906,  5,  61),  that  the  above-mentioned  aminodiaxo-salt,  on  treat* 
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ment  with  sodium  acetate,  gives  line      a  coudeiisutiou  product  which 
is  regarded      being  a  diazoimiue : 

I>iasoimiii«8  of  this  type  bave  not  hitherto  been  obtained  from 
^phenylenedJamioe  and  its  homologuosi  although  the  authors  of  this 
oommnnication  have  obtained  a  stable  series  of  para-diazoimides  from 

the  arylaulphonyl-p-pbenylenediamines  (Trans.,  1905,  87,  73,  921  ; 
1906,  89,  4,  1158,  and  preceding  paper).  It  was  therefore  to  be  ex- 
pected that  the  ai}  laulphonjlbenzidinos  would  yield  such  diazo- 
anhydrides  even  more  readily  than  beiizidme  itself.  This,  however,  is 
not  the  case.  Benzenesulpbouylbenzidine,  when  successively  diazotised 
and  treated  with  sodium  acetate,  furnishes  a  well-defined  crystalline 
product  which,  although  possessing  some  of  the  properties  of  a 
^>-diazoimide,  nevertheless  contains  two  molecules  of  water  which  are 
so  tenaciously  held  that  the  substance  decomposes  before  the 
elimination  of  water  is  complolo  (Trans.,  1907,  91,  1506).  This  result 
was  so  unexpected  that  another  base  of  the  same  type  was  examined 
in  order  to  ascertain  whether  the  reaction  is  in  any  way  exceptional, 
yaphthaUne'^-svJphonyibenzidine  wa.s  ciio>en  for  this  purpose,  and 
experiment  showed  that  the  new  ba.se  furnished  a  dark  brown,  crybtal- 
line,  dihydrated  compound  of  precisely  similar  type  to  that  obtained 
from  the  otlier  base.  Two  views  may  be  held  conoeroiDg  these 
compounds,  acceding  to  which  they  may  be  regarded  as  either  mono- 
hydrated  primary  nitroamines  (I)  or  dihydrated  diasoimides  (XI) : 

C,H,-NH-NO,H,0  C«H,-N, 

I.  II. 

The  first  of  these  formulations  accounts  for  the  fact  that  the 
substances  dissolve  in  acjueous  alkali,  and  also  brings  the  compounds 
into  line  with  other  nitroso  iniine  derivatives  which  are  sometimes  found 
to  contain  one  molecule  of  water  (Schraube  and  Schmidt,  Ber,,  1894, 
27,  520). 

The  second  formula  indicates  the  clo.so  similarity  between  these 
compounds  and  the  para-diazoimi  l*  -,  and  it  also  explains  the  non-pro- 
duction of  a  similar  compound  when  the  niarke^I  hydrogen  {*)  is  replaced 
by  an  alkyl  group  as  in  9^fMphUwlmi-fi-9ulpkonyltihi^b€midimf 

,H,'N(C,U,)-SO,-CioH,  • 

A  similar  combination  of  water  and  a  diazo  anlivtlrido  has  been 
observeil  in  the  ca8e  of  ^-pheuylenediazo-oxide  (from  />-diazophenoi), 
VOL.  XClii.  S  8 
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thk  nibstanoe  Bepatating  with  4H|0  (Hantesch  and  Dayidaon,  iBtr., 
1896,  29, 1522). 

The  diaioiiiiim  salts  of  naphthalene-^-sulphonylbensidme  are  all 
dlstinetly  ooloared  sabetanoea,  beiDg  usually  orange  or  yellow,  hnt  those 
of  at-naphthalsne-jS^iilphonylethylbensidine  are  much  leas  colonred, 
having  only  a  pale  yellow  tint,  the  substitation  of  hydrogen  by  ethyl 
in  the  avylsolphonie  gronp  diminishing  the  colour  to  a  marked  extant 
without  entirely  removing  it.  It  seems,  therefore,  very  unlikely  that  the 
diasoninm  oomplezes  in  the  two  series  are  diiferently  oonstitttted, 
and  the  difference  in  the  intensity  of  oolour  may  be  referred  to  the 
ezistenoe  of  two  quinonoid  nuclei  in  the  more  coloured  salts  (Ill)t 
whereas  only  one  of  these  groups  can  exist  in  the  case  of  the  diasoninm 
salts  (lY )  of  the  alkylated  base : 

/  N-Cl  /   N-Ol 

/— \  II 

>:n 


(in.)  (IV.) 

In  the  foregoing  formulfp,  the  para-quinonoid  formula  advocated  by 
Cain  is  taken  to  represent  the  constitution  of  these  diazonium  sjilts. 
It  should,  however,  be  borne  in  mind  that  an  ortha quinonoid  con- 
figuration for  these  substances  is  not  inadmissible  (Trans.,  1^07,  91, 
1316). 

Exception  has  been  taken  to  these  quinonoid  formulfc  on  the  ground 
that  they  represent  one  of  the  diazo-nitrogons  as  being  definitely 
attached  to  a  carbon  atom  in  either  a  para-  or  an  ortho-position,  an 
arrangement  which  on  reduction  should  lead,  in  certain  circum- 
stances, to  the  production  of  either  para-  or  ortho-diamines.  Diazonium 
salts  have  not,  however,  been  found  to  yield  these  diamines  on  reduc- 
tion, and  it  seems,  therefore,  improbable  that  this  linking  of  diazo- 
nitrogen  to  para-  or  ortho-carbon  atoms  is  quite  of  the  ordinary  kind. 
On  the  other  hand,  it  has  long  been  supposed  that  another  position  in 
the  ring  is  in  some  way  involved  in  the  diazonium  complex.  Thin 
Tiew,  which  was  originally  held  by  Oriess  {AwMiUn,  1866,  137,  47), 
accords  with  the  moet  salient  fact  known  about  diasoninm  salts, 
namely,  that  these  substances  are  only  obtainable  from  amines  contain- 
ing the  unsaturated  aromatic  nuclei,  and  not  from  bases  containing 
fully  hydrogenated  rings. 

It  is,  therefore,  justipabie  to  suppose  that  the  residual  affinitieB  of 
the  bensene  nucleus— -indicated  by  three  double  linkings  in  KeknU's 
formula  for  this  hydrocarbon— are  in  some  way  associated  with  the 
complex.    However,  until  Gain  put  forward  his  para- 


DigitizecJ  by  Google 


DIAZO-RKACnON  IK  THE  DIPHBNTL  SERIES. 


617 


qainonoid  fommla,  this  assooiation  of  the  hitent  valenoy  of  the  hensene 
ring  with  the  diasoninm  group  had  not  be«n  indicated  in  any  of  the 
configurations  ascribed  to  diaio^alts. 

The  authors  now  suggest  that  these  static  ortho-  and  para*quinonoid 
formultt  represent  successive  phsises  in  the  existence  of  a  diasoniuin 
salt,  the  constitution  of  which  is  continually  changing  from  one  to  the 
other  of  these  configurations  in  the  manner  indicated  in  the  following 
diagram : 


A 


\ 


Cl-N  \ 


/II 


N 


The  third  valency  of  the  non-saline  triadic  diazo  nitrogen  is  directed 
successively  to  the  carbon  atoms  marked  a,  6,  and  c,  but  is  not  held 
continuously  by  any  one  of  them.  This  mode  of  expressing  the  struc- 
ture of  the  diazonium  salt  retains  the  advantages  claimed  by  Cain  for 
bis  para-quinonoid  formula,  and  in  addition  enables  one  to  account  for 
the  behaviour  of  these  compounds  on  reduction.* 

In  an  ever-increasing  number  of  instances,  it  becomes  impossible  to 
represent  satisfactorily  the  reaction?  of  compounds  by  static  graphical 
formulae,  and  in  these  cases  it  is  apparent  that  the  valency  directions 
undergo  certain  rhythmical  variations  such  as  those  symbolii^ed  in  the 
foregoing  dynamic  formula  proposed  for  diazonium  salts. 


EXPEBIMKHTAL. 

NapitOialene  ft-sul phonyl-\hmtroaininodiphen^t 

;;/;-l)initrodiphenyl  was  prepared  according  to  Willstatter's  method 
and  reduced  with  sulphuretted  hydrogen  {Ber.^  1906,  39,  3478).  The 
resulting  />-nitroaminodiphenyl  was  condensed  in  dry  pyridine  with  a 
slight  excess  of  naphthalene-)3-sulphonic  chloride,  and  the  pioduct, 
after  extraction  with  aqueous  caustic  soda  and  reprecipitation  with 
dilute  acetic  acid,  was  crystallised  from  alcohol,  when  it  separated  in 

•  Orton  sod  Raed  have  shown  (Tnaa,  1907, 9t  1661)  that,  with  the  disso-sslts 
of  the  h^^y  hslogensted  anilines,  the  replacement  of  halogen  by  hydiozyl  occurs 

to  a  much  greater  extent  in  the  ortho-  than  in  the  paTa-pn<;ition,  and  they  put  this 
result  foi^ard  as  an  ar<j:nm(  nt  against  the  para-qninonoid  formula.  At  the  same 
time,  however,  they  .su;4go3t  that  the  assumption  of  au  alternation  of  pam*  and 
ortho-^ainonoid  contiguratious  would  be  more  in  harmony  with  their  results 

S  .S  2 
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reddish-bfown,  serrated  erjstaU  having  a  bluish  reflex  and  melting  at 
164— 165*>: 

0-3696  gave  23-6  cc.  nitrog^-n  at  19  and  762  mm.    N  =  7-36. 

C.>..H,,.O^N  ,8  re(iulres  N  =  6"93  per  cent. 
The  sodium  derivative  of  this  nitro-compound  crystallised  in  orange* 
yellow  plates,  which  were  only  sparingly  soluble  in  cold  water. 

This  bubc  was  prepared  by  reducing  the  preceding  compound  with 
iron  and  dilute  hydrochloric  acid,  the  mixture  being  boiled  for  many 
hours  in  order  to  complete  the  reduction.  Finally,  the  mixture  was 
rendered  alkaline  with  sodium  carbonate,  and  the  base  obtained  from 
the  liltrate  as  a  colourless,  gelatinous  mass  which,  when  crystallised 
from  benzene,  separated  ^in  clusters  of  fibrous,  colourless  needles  melt- 
ing at  185 — 186^  The  redaction  may  also  be  effected  with  tin  and 
hydrochloric  acid  : 

0*1754  gave  10  8  cc.  nitrogen  at  19°  and  761  mm.  N»7*10. 
Os^HigO^N^B  requires  N  «  7'48  per  eeni. 

An  attempt  was  made  to  prepare  this  base  by  the  interaetion  of 
bensidine  and  naphthalene-/3-sulphonic  chloride.  The  required  product 
was  only  obtained  when  benzidine  dissolved  in  oold,  dry  pyridine  was 
treated  very  slowly  with  finely-powdered  naphthalene-/9<nlphonic 
chloride  (1  mol.).  After  some  hoars,  the  mixture  was  gently  warned 
on  the  steam  bath,  then  poured  on  to  ice,  and  extracted  successively 
with  dilute  hydrochloric  add  and  water.  A  benzene  extract  of  the 
dried  residue  yielded  a  small  amount  of  impure  naphthalene- 
jS-Bulphouyl bensidine  which,  after  repeated  crystallisation  from  this 
solvent,  melted  at  185—186°  and  did  not  depress  the  melting  point  of 
the  preceding  preparation  : 

0  1698  gave  0-1074  BaSO^.    S  =  8  68. 

0-0986    „    6-2  cc.  nitrogen  at  19°  and  754  mm.    N  =  7-17. 
C^HjgOjN^  requii-es  S  =  8-66  ;  N  -  7-48  per  cent. 

C,^Hy«S0,-NH*0«H/CeH4'N,Cl. 

The  addition  of  excess  of  arayl  nitrite  to  an  alcoholic  solution  of 
naphthalene-^-sulphonylbenzidine  produced  a  deep-red  coloration 
which  was  not  a{)preciably  changed  by  the  addition  of  alcoholic 
hydrochloric  acid.  The  hltered  solution,  when  treated  with  excess  of 
ether,  furnished  the  yellow,  crystalline  diazonium  chloride  : 
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0-0580  gave  5  2  c.c.  nitrogen  at  19"  and  760  mm.  10-30. 
0*2476    „    0  0802  AgCl.    CI  =  8-02. 

CssUi^OjN^ClS  Inquires  N  -  9-d7  j  CI »  8*42  per  cenfc.  • 

This  salt  dissolved  in  acidified  water  to  a  clear,  yellow  eolation ;  it 
decomposed  and  charred  at  140 — 145^ : 

The  dioMonium  hrmiwU,  OioHT'SOs'NH'CQH^-O^H^'NgBr,  an  ill- 
defined  yellow  salt,  decomposed  violently  at  130 — 124^ : 

U-1672  gavG  12-5  c.c.  nitrogeu  at  18°  and  769  mm.    N  =  8-76. 
CjjHjgOgNjBrS  requires  N  =  9'01  per  cent. 

The  diazimium  fulp/uOe,  OioHj-SOo-NH-C^H^-CeH^'Na-HSO^,  was 
obtained  in  yellow  needles  when  amyl  nitrite,  sulpharic  acid,  and  ether 
were  successively  added  to  a  solution  of  the  base  in  cold  glacial  acetic 
add.   This  salt  decomposed  at  about  125° : 

0*1426  gave  10*6  c.c  nitrogen  at  17^  and  769  mm.   N  «  8*64. 
0*ia40   „   gave  01364  BaSO^.   S»  13*97. 

CjjHi^OgNjSjHSO^  rociuires  N-8*69;  S- 13*25  per  cent. 

Ti$  Braum,  Crff$taUin$  ProduU 

The  foregoing  diazonium  chloride,  when  treated  with  aqueous  sodium 
acetate,  yielded  a  dark-brown,  crystalline  substance  almost  insoluble 
in  cold  water  or  idcohol.  When  thoroughly  washed  with  these  solvents 
and  dried  over  sulphuric  acid  until  of  constant  weight,  the  substance 
gave  the  following  aDalybical  data,  a  diiierent  preparation  being  used 
in  each  analysis : 

0-2746  gave  0-6299  CO.^  and  01U6  H^O.  0  =  62-57;  H  =  4-64. 
01G14    „    0-3723  COj  and  0*0698  H,0.  C  « 62*90  ;  TT  -  4  S0. 
0-1 G91    „    U  O  c.c.  nitrogen  at  19°  and  764  mm.  N«9*57. 
0-2647    „    OlSOOBaSO^.  8  =  7-78. 
CJ^O^^mfi  reqniies  C-6270;  H-4*71 ;  N»9*97 ;  S-7  60 

per  cent. 

This  oompoond  reaeta  with  cold  ooncentiated  hydroohloiie  aeid» 
regenerating  the  diaaoninm  chloride ;  it  dissolved  in  aqneoas  caustic 
soda  to  a  brown  solution,  from  which  dilute  acetic  acid  reprecipitated 
the  original  compound.  The  reprecipitated  substance  had  a  reddish 
tint,  but  slowly  assumed  the  chocolate  brown  colour.  Attempts  to 
eliminate  water  without  decomposing  the  substance  were  unsuccessful ; 
it  appeared  to  lose  water  and  nitrogen  simultaneously,  becoming 
yellow  at  100°,  and  darkening  and  softening  at  about  130°. 

When  mixed  with  dry  ^-naphtLol,  the  brown  compound  gave  no 
reaction  even  on  warming,  but  the  addition  of  a  few  drops  of  dry 
pyridine  at  oace  induced  combinatioD.     The  azo-fi-naphthol  thus 
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obtained  was  scircely  soluble  in  cold  alcohol,  but  separated  from  its 
boiling  solution  in  this  solvent  as  a  dark-red,  crystalline  powder 
meltingat  200— 201°. 

Nap&ikaUns'fi-nilpkonylnUrotihsfhm^ 

O„H,-80,-N(C,H,)-C,H4-0A-KO,. 

This  compound  was  produced  by  tho  irileractiou  of  naphthalene- 
)8-8ulphonylnitroaminodiphenyl,  ethyl  iodide,  and  alcoholio  potash. 
The  reaction  was  almost  complete,  and  the  product,  when  freed  from 
substances  soluble  in  alkali,  was  crystallised  from  alcohol,  when  it 
separated  in  transparent,  orange-yellow  needles  melting  at  152^153^ : 

0-1770  giave  10  0  c.c.  nitrogen  at  19°  and  761  mm.  Na6'50. 
G^H^O^K^S  requires  N  »  6-48  per  cent 

C,oH/SO,-N(C2H,)-C,H,.C,H,-NH,. 

The  preceding  nitro  compound,  when  boiled  with  iron  and  dilute 
hydrochloric  acid  for  eight  hours,  was  reduced  to  a8-Dapbthalene>/8- 
sulpbonylethylbenzidine,  which  separated  from  its  benzene  solution  on 
the  addition  of  light  petroleum  as  a  brown,  crystalline  powder  melting 
at  166—166° : 

0-2401  gare  15*0  cc.  nitrogen  at  18^  and  760  mm.  N-7-21. 
0*3360       0*1618  BaSO^.  8-8*83. 

Cj^HggOjN.^S  requires  N=6*96 ;  8-8*00  per  cent. 

tA-Naphthalene -p-stt I phoiu/leth yldiphenyldiazonium  Chloride, 
0„Hy-S0,-N{CjHj)-CflH^-C6H^-Nj|Cl . 

This  salt  was  obtained  in  elnsters  of  pale  yellow  needles  by  adding 
soooessiTely  aleobolie  bydroeblorie  acid  and  ether  to  a  mixture  of  the 
base  and  amyl  nitrite  in  alcohol. 

0*2110  gave  16*6  e.o.  nitrogen  at  18^  and  769  mm.  17-9*16. 

01192    „   0*0364  AgCl.  01  =  7-56. 

4 ^•20^2^8^18  requires  N  =  9-34  ;  CI  =  7-89  per  cent. 

This  diazonium  chloride,  when  triturate.]  with  concentrated  aqueous 
sodium  acetate,  furnished  a  slimy  precipitato  which  dissolved  in  water 
to  a  red  solution.  There  was  no  t  viilence  of  the  formation  of  an 
insoluble,  crystalline  product  analofjouj*  to  that  obtained  from  the 
diazo-chloride  of  naphthalene-^  sulphonylbenzidine. 

The  diazonivm  bromvie,  (VTT^vSO.-,*N(CJT,)'C^H,-C,,H^-N.,Br, 
prepared  in  a  similar  manner  to  the  preceding  salt,  was  obtained  in  the 
form  of  very  pale  yellow  needles  : 
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0-2034  gave  U  G  cc.  nitrogen  at  18° and  770  mm.  N«8-41. 
0-1771    „    00661  AgBr.   Br=  15-87. 

Cg^HjoOgNgBrS  requires  N  =  8-50  ;  Br  =16-19  per  cent. 

The  diazo-chioride  decomposed  at  116 — 117^,  and  the  diaso-bromide 
at  113—116° 

The  diatonium  sulphaU,  C^^Uj'BO^'lif{CJ\^yc^}l^'0fi^''N^'US0^, 
prodiused  in  glacial  aoetio  acid  and  precipitated  hy  ether,  resembled  the 

0*1838  gave  12*8  ce.  nitrogen  at  19^  and  771  mm.  N-8*13. 
0*1660   „  0*1616  BaSO«.  8-12*64. 
C^H^OsNgS^HSO^  requires  N-8'2L  ]  8-12*52  per  cent. 
The  three  foregoing  diaao-salts  furnished  an  oeo-jS-napAlftolinsolnble 
in  aqueons  alkalis ;  this  substance,  which  was  yerj  soluble  in  benzene, 
dissolved  sparingly  in  alcohol,  and  separated  as  an  ill-defined  precipitate 
melting  at  155-157°. 

The  authors  desire  to  express  their  thanks  to  the  Government  Gnuit 
Oommittee  of  the  Bojal  Society  for  a  grant  which  has  partly  defrayed 
the  expenses  of  this  investigation. 
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LVII. — The  Action  of  Mustard  Oils  on  tlie  Ethyl  Esters 
of  MaUmic  and  Cijanootcetic  Acids. 

By  SiEGFaiSD  Kuskmann. 

Tbb  further  study  of  thiozanthoxalanil  (Ruhemann,  Trans.»  1907» 
91, 797),  and  espedally  the  behaviour  of  the  sodium  derivative  of  its 
tautomeride  towards  alkyl  iodides,  led  to  results  which  induced  me  to 
undertake  the  work  described  in  this  psper, 

Michael  {J,  pr.  Ckmn,,  1887,  [ii],  36,  450)  showed  that  etkyl  sodio- 
malonate  rowlily  united  with  phenylthiooarbimide  to  yield  a  product, 
the  formation  cvf  which  he  expressed  thus  : 

CHNa(C02Et)2  +0«H5-NCS  =  CgH5-N:C(S-Na)-CH(COaEt)2. 

The  Bodium  compound,  by  the  action  of  hydrochloric  acid,  was 
transformed  into  the  yellow  thioaoilide  of  diethyl  methanetricarb- 
oxylate,  C6Hj.-NH*CS-CH(C02Et)2. 

That  the  sodium  in  the  additive  product  ia  united  with  the  sulphur, 
follows  from  the  fact  that,  with  benzyl  chloride,  it  yields  a  benzyl 
derivative  which,  9n  account  of  the  way  it  decomposes  with  acids. 
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must  have  tlie  formula  C^H  ,N:a(S-On3-C,.H5)-CH(CO.^Et)2.  From 
tliis  view  as  to  the  constitution  of  the  compound  formed  by  the  union 
of  ethyl  sodiomalonate  with  phenylthiocarbiiiiide,  it  might  be  expected 
that  the  latter  would  combine  with  the  sodium  derivative  of  liunio- 
alkyl  malonic  esters.  In  order  to  test  the  correctness  of  this  con- 
clusion, ethyl  sodiol>eiizylmalonato  was  selected,  which,  accordingly, 
ought  to  yield  an  ester.  C^,H5-N:C(SH)-CXCH./C,,I1,)('  O.Kt),,, 
isomeric  with  the  benzyl  derivative.  It  was  found,  however,  that  this 
union  does  not  take  place,  elhyl  henzylniaionato  remains  unaltered^ 
and  the  muHb&rd  oil  is  transformed  into  phenyl thiourethane, 

CeH.-NIl-CS-O-CjHj. 
This  result  would  agree  with  the  formula 

C6ll5-KlI-C(SNa):C(C02Et), 
for  the  additive  product  of  ethyl  sodiomalonate  with  piMnylthio- 
carbimide,  but  in  the  abseooe  of  other  evidence  in  favour  of  this 
view  the  former  mode  of  representing  this  reaction  is  adopted. 

The  thioanilide  of  dtethjl  methanetricarboxylate,  on  treatment  with 
ammonia,  yields  the  corresponding  diamide,  whereas  by  the  action  of 
potassium  hydroxide  at  tho  ordinary  temperatore  the  elimination  of 
one  molecule  of  carbon  dioxide  takes  place^  as  well  M  hydroljms. 
The  thioanilideof  malonic  acid,  which  is  formed  on  heating  bdow  KMP, 
decomposes  into  thioacetanilide  and  carbon  dioxide.  These  changes 
may  be  represented  thus : 

C^H5vNH'CS*CH(C0,Et)j  — >  CeHj^  NH'OS«CH,«00,H  — > 

Michael,  in  his  paper,  "On  Certain  Laws  and  their  Application  to 
Organic  Chemistry"  pr.  Clum.,  1899,  [ii].  60,  286),  dealt  with  the 
action  of  phenylcarbimide  on  the  sodium  derivatives  of  ethyl 
malonate  and  etliyl  aootoncetate,  and  mentioned  in  a  fotnote  which 
was  noticed  after  this  work  was  completed  that  he  obtained  similar 
results  on  using  pheuylthiocarbimide  instead  of  phenylcarbimidey  but  a 
record  of  the  experimental  facts  was  not  published. 

Phenyltbiocarbimide  unites  with  ethyl  sodiocyanoacetate  in  the 
same  manner  as  with  the  oorresponding  compound  of  malonic  acid, 
and  yields  the  thioanilide  of  ethyl  cyanomalonate.  This  ester  exists 
in  two  modifications  ;  the  one  is  colourless  and  readily  changes  into 
the  other,  which  is  yellow.  The  two  forms  are  probably  to  be  repre- 
sented by  the  formnle : 

C^H,'NH'C8-CH(CN)-C0jEt  and  C^H,-N:C(SH)-CH(CN)  COjEt. 

The  thioaniliile  of  ethyl  cyanomalonate  resembles  the  former  additive 
product,  and,  with  bases,  forms  well detined  salts,  which  in  turn 
react  with  benzyl  chloride  to  yield  the  oolourless  benzyl  derivative, 
C^H4-N:0(S-0Ii,-C4H4)-CH(CN)'C0jEt. 
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Of  interest  is  the  behaviour  of  the  thioanilides  of  diethyl  methane- 
tricarboxylate  and  ethyl  cyanomalonate  towards  ethyl  chloimcetate. 
The  action  of  this  ester  on  the  sodium  derivatives  of  the  thioanilides 
prooeedsi  for  example,  as  follows : 

C^H5-N:C(S'Na)-CH(00gEt)j + CH,Cl-CO,Et  - 

G„Hif       i- C^H^O -I- NaCI, 

and  yellow  compounds  are  also  formed.  If  one  accepts  Michaers 
view  concerning  the  manner  in  which  mustard  oils  unite  with  ethyl 
malonate,  the  above-uuMitioned  substances,  according  to  their  forma- 
tion, may  be  expres^sed  by  the  formulae  : 

(I.)  (11.) 

When  the  eompound  (I)  is  heated,  ib  melts  at  im — 116**,  but 
immediately  solidifies,  and  then  does  not  fuse  until  1 35-^1 36**.  This 
phenomenon  may  be  due  to  an  isomerte  change ;  such  a  transforma- 
tion, indeed,  is  effected  by  the  action  of  potassium  hydroxide,  when 
an  isomeride  is  produced  which  is  colourless,  and,  on  heating,  shows  a 
somewhat  different  behaviour  from  the  yellow  modification,  for  it 
softens  at  105*^  and  only  gradually  melts  at  134°.  The  yellow  con- 
densation product  (II),  under  the  iufluence  of  alkali,  chan<,^os  in  the 
same  way  as  the  former,  and  yields  a  colourless  isomeride.  Kxperi- 
monts,  with  the  view  of  arriving  at  an  explanation  of  these 
phenomena,  are  in  progress,  and  I  hope  to  publish  the  results 
shortly. 

EZPBBIMBNTAL. 

HUoaniUde  of  Diethyl  Metiktmetfioarhoxylaie, 

C6H5-NH-CS-CH(C02Et)j. 

This  substance  was  prepared  according  to  Michael's  directions  (loc. 
eilJ),  by  mixing  a  solution  of  sodium  (1  atom)  in  absolute  alcohol  with 
ethyl  malonfite  (1  mol.),  and  then  with  phenyl thiocarbimide  (I  mol.). 
Instead  of  collecting  the  additive  product  which  gradually  separates, 
the  mixture,  after  being  kept  for  several  hours,  is  poured  into  water, 
when  generally  an  emulsion  is  produced  from  which  a  Folid  soon 
separates.  On  adding  dilute  hydrochloric  acid  to  the  filtrate  from  this 
substance,  the  ester  is  precipitated,  and  when  crystallised  from 
alcohol  melts  at  69 — 60^,  as  found  by  Michael : 

0*2044  gave  0-4268  00,  and  0*1100  H,0.   0* 66*81;  H-6-97. 

Cj^HjyO^NS  requires  0«66'95  ;  H  =  5-76  per  cent. 

The  compound  referred  to  above,  wliich  is  formed  along  with  tho 
thioanilide,  crystallises  from  dilute  alcohol  in  colourless  needles ;  its 
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meltiDg'pomt,  71—72°,  uid  the  foUowing  analysis  oharaeterise  it  as 
pheDyltbionrethaBe,  CqHj^-NH'GS^O-OsHs  : 

0-2095  gave  0-4yGG  CO,  and  01H9  H.O.    C  =  59"44  ;  H  =  6-09. 

0  3030         20  c.c.  moist  nitrogen  at  15  and  754  mm.    N  =  7*67. 
CgH^ONS  requires  C  =  59-67  ;  H  =  6  08 ;  N  =  7-62  per  cent. 

Phenyl thiourethane  is  the  only  product  which  is  formed  on  mixing 
ethyl  eodiobenzylmalonate,  dissolved  in  alcohol,  with  phenyl  thio* 
carbimitlo  ;  it  is  precipitated  as  an  oil,  which  soon  solidifies  when  the 
alcoholic  solution  of  the  mixture  is  poured  into  water.  The  solid  was 
crystallised  from  alcohol  and  identified  with  phenylthiourethaiie  by 
the  melting  point  and  a  nitrogen  estimation  : 

0*2416  gave  lH-6  c.c.  moist  nitrogen  at  18<^  and  747  mm.  Nb7'79. 
Q^H^LiONS  requires  N-7  62  per  cent. 

The  diamide,  C^H5  NH*CS-0H(00-NH^,.  The  ester,  Ci^H^^O^NS, 
readily  diseolvee  in  ammonia;  the  solution^  whieh  after  four  days 
does  not  deposit  a  solid,  is  eoncentrated  in  a  ▼aennm  at  50°,  when  a 
erystalline  product  separates.  This  is  only  sparingly  soluble  in  cold 
aloohol  or  water,  but  readily  dissolves  in  the  boiling  solvents,  and  on 
cooling  crystallises  in  faintly  yellow  needles  which  melt  and 
decompose  at  176— 177°  : 

0-1985  gave  0  3675  00^  and  0  0830  H,0.    C  =  50-48  ;  H  =  4  64. 
0-2010    „    30-8  c.c.  moist  nitrogen  at  17"  and  759  mm.  N=  17-76, 
Oj^uO^jS  requires  0  «  60*63 ;  H  »  4-64 ;  N  - 17*72  per  cent. 

The  diambh  is  very  solable  in  ammonia  and  is  repredpitated  by 
hydxochlorio  add. 

The(AtMmaids  of  molcmte  aeul^  OeH5*KH«OS*OH,*00,H,  is  obtained 
by  keeping  a  solution  of  the  ester,  0|4Hj70^NS,  in  potassium  hydroxide 
(about  16  per  oent)  for  three  to  four  days  and  then  adding  dilnte 
hydrochlorie  aeid,  when  it  separates  in  yellow  plates ;  these  may  be  re- 
erystallised  from  water,  in  which,  on  warming,  th^  are  moderatol/ 
soluble,  but  this  operation  requires  some  oare,  because  the  substanoe 
readQy  decomposes.  The  acid,  after  drying  in  a  inaenum-desiooaftor 
over  sulphuric  acid,  melts  at  91 — ^92**  with  evolution  of  carbon 
dioxide : 

0-2116  gave  0-4292  CO2  and  0  0890  lIjO.    C  =  55  31  ;  H  =  4-67. 
0-2148    „    13-8  c.c.  moist  nitrogen  at  20°  and  750  mm.  N  =  7-25. 
CbHjOjNS  requires  C=  55-38;  H«4-61  ;  N- 7*18  per  cent. 

The  compound  is  very  soluble  in  alcohol,  and  this  solution,  with 
ferric  chloride,  gives  a  red  coloration  which  disappesrs  on  beating.  On 
adding  silver  nitrate  to  the  ammoniaeal  or  aqueous  solutions  of  the  acid,^ 
a  white  pred^tate  is  produced  which  immediately  turns  blaek  owing 
to  the  formation  of  silver  sulphide. 
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The  tliioanilide  of  malonic  acid,  when  heated  on  the  water-bath  until 
the  evolution  of  carbon  dioxide  has  ceased,  yields  an  oil  which  on  cool- 
ing seta  to  a  solid.  Tiiis  crystallises  from  dilute  alcohol  in  pale 
yellow  prisms ;  it  was  identiEed  with  tbioacetaniUde  by  the  melting 
point  75°  and  by  analysis ; 

0*21ff5        17*4  e.e.  moist  nitrogen  at  18^  and  746  mm.  K«9*38. 
CgH^NS  nqnires  K  -  9*37  per  oent. 

Dielhyl  Benzyl\BoihioanilidomethaTiietr%mrhoxylcU«t 
CeH5-N:C(S-CH,-CjH4)-CH(C08Et)2. 

TkoM  compound  is  formed  by  mixing  a  solution  of  sodium  (0*5  gram) 
in  abeolnte  aloohol  with  the  thioanilide  of  diethyl  methanetricarb- 
ozyUte  (6*4  grams),  dusolved  in  alcohol,  and  then  adding  bensyl 
chloride  (2'7  grams)*  Sodinm  chloride  begins  to  separate  at  the 
ordinary  temperature,  and  the  reaetion  is  complete  after  an  hour's 
digestion  on  the  water-hath.  On  distilling  off  the  alcohol,  an  oil  is 
left  behind  which,  in  the  cirarse  of  a  day,  sets  to  a  solid ;  this  is 
extremely  soluhle  in  alcohol  or  ether,  less  so  in  boiling  light  petroleum, 
and,  on  cooling,  crystallises  in  colourless  prisms  melting  at  64—65^  : 

0-2098  gave  05017  COg  and  01123  H./).    C  =  65-2l  ;  H-5-94. 
0-2672    „    8-2  c.c.  moist  nitrogen  at  14°  and  768  mm.    N  =  3'65. 
-    O^HigO^Nb  requires  C  -  65*46 ;  H  -  5 '92  ;  N  »  3*64  per  cent. 

This  compound  is  insoluble  in  ammonia  or  potassium  hydrosdde ;  on 
boiling  with  dilute  hydrochloric  add,  it  is  readily  decomposed,  and 
yields  aniline  and  bensyl  mercaptan.  The  latter  substance  is  isolated 
by  distilling  the  product  of  the  reaction  with  steam  and  extracting 
the  distillate  with  ether.  The  oil  which  is  left  behind  on  removal  of 
the  ether  is  characterised  as  a  mercaptan  by  the  odour  and  the 
formation  of  a  mercury  compound;  it  was  identified  with  benzyl 
mercaptan  by  the  boiling  point,  195^.  The  prosonco  of  aniline  in 
the  acid  solution  was  ascertained  by  the  well  known  tests. 

Action     AUylihioca/rbimide  on  Ethyl  SodiomcUonate, 

This  reaction,  which  is  effected  in  the  same  way  as  in  the  former 
case,  is  accompanied  by  the  development  of  heat  The  alcoholic  solu- 
tion of  the  mixture  of  reagents,  when  cold,  is  poured  into  water,  when 
an  emulsien  is  produced  which  is  removed  by  extraction  with  ether. 
On  adding  dilute  sulphuric  add  to  the  aqueous  layer,  a  yellow  oil  is 
precipitated,  which  is  decomposed  even  on  distillation  under  diminished 
pressure.  For  analysis,  the  oil  was  dried  in  |k  vacuum  desiccator  over 
sulphurie  add;  owing  to  the  fact  that  th«  substance  cannot  be 
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puritied,  the  results  obtained  only  approximately  agree  with  those 
required  for  the  Udoallylamide  of  diethyl  viethanetricarboxylaief 

C3H5-NU-CS-CII(C02Et)jj : 

0-2099  gave  0  3855  COj  and  0  1242  \\f>.    C-50  08;  H»6'57. 
CiiU„04NS  requires  C» 50*96 ;  H-6*56  per  oent 

The  ester  readily  diesoWet  in  concentrated  ammonia,  yielding  a 
yellow  solution;  if  this  is  kept  for  three  days  at  the  ordinary 
temperaturet  then  concentrated  by  distillation  at  about  50"  under 
diminished  pressure,  and  finally  treated  with  dilate  hydrochloric  acid, 
the  dktmide,  C^K^'}Sni*OS'OR{00*^H^\,  is  precipitated.  The  substance 
is  only  sparingly  soluble  in  cold,  but  readily  so  in  boiling  alcohol 
and,  on  cooling,  crystallises  in  bunches  of  colourless  needles  which 
melt,  not  quite  sharply,  at  184*^: 

0-2003  gave  0  3067  CO2  and  0  1035  Ufi.    C  =  41-76;  H-5-74. 
0  1 993    „    35  CO.  moist  nitrogen  at  13°  and  764  mm.    N  =  20-85. 
C^HiiOsN^  required  0-41-79 ;  H«5*47 ;  N»20-90  per  cent. 

ThioanUide  of  EtJiyl  Ci/anoinaloiuUe, 

On  adding  phenylthiooarbimide  to  the  alcoholic  solution  of  the 
mixture  of  sodium  ethozide  and  ethyl  cyanoacetate,  heat  is  developed 
and  colourless  crystals  of  the  additive  compound  separate.  The 

product,  when  cold,  is  poured  into  water,  when  a  white  solid  is 

precipitated  which  is  only  sparingly  soluble  in  ether  or  cold  alcohol, 

but  dibsolves  readily  in  boiling  alcohol  and,  on  cooling,  crystallises  in 
yellow  prisms  melting  at  118  —  119^  : 

0  2128  gave  0-4525  CO,  and  0  0935  HoO.  C  =  57-99;  H  =  4  88. 
0-2305         21-8  cc.  moist  nitrogen  at  12°  and  767  mm.  N«  11*33. 
O^B^fi^^  requires  C  - 58  06 ;  H  -  4  84 ;  N  » 11  -29  per  cent. 

The  ester,  when  precipitated  from  its  solutions  in  alkalis  by 
mineral  acids,  is  colourless  and  does  not  turn  yellow  on  drying  in 
a  vacuum-desiccator  or  on  dissolving  it  in  cold  glacial  acetto  add, 
but  a  yellow  colour  is  developed  on  beating  the  substance  in  the 
water-bath  or  on  crystallising  it  from  hot  solvents.  This  behavmur 
points  to  the  view  that  the  ester  exists  in  two  forms;  one 
is  colourless  and  readily  changes  into  the  other,  which  is  yellow. 

The  thioanilide  of  9thyl  eyanomalonaU  dissolves  in  alkalis  or,  although 
slowly,  in  alkali  carbonates  to  form  colourless  salts. 

The  potassium  .salt  separates  from  the  hot  solution  of  the  estor 
in  potassium  hydroxide  in  plates  which  are  sparingly  soluble  in 
cold,  but  readily  so  iu  boiling  water : 
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0-3205  gave  0  0970  K.SO^.  K  =  13-57. 

CisH|iO,N,8k  requires  K- 13*63  per  cent. 

The  ammonium  aalt  is  isolated  by  evaporating  the  solution  of 
the  ester  in  ammonia  under  diminished  pressure.  It  forms  colour* 
less  prisms  which  are  moderately  soluble  in  eold>  and  readily  so  in 
boiling  water : 

0*2118  gave  29*2  c.c.  moist  nitrogen  at  19^  and  764  mm.  15*92. 

Cj^HjgOoNgS  requires  N=  15-85  per  cent. 

£thyl  benzyliBothioanilidocyanonicUonate, 

C^H,-N:C(S-CH,-CgH5)-CII(CN)-C02Et, 
is  formed  by  mixing  the  solutions  of  sodium  (0-6  gram)  in  alcohol 
with  the  tbioanilide  of  ethyl  cyanomalonate  (6*4  grams),  dissolved  in 
alcohol,  then  adilin^  benzyl  chloride  (3  3  grams)  and  boiling  the 
mixture  on  the  water-bath  for  half  an  hour.  On  distillation  of 
the  alcohol,  an  oil  is  left  behind  which,  when  cold,  sets  to  a  solid. 
This  is  washed  with  water,  dried  in  a  vacuom  desiccator  and  dis- 
solved in  boiling  light  petroleum  from  which,  on  oooling,  it 
oiystaUises  in  colourless  prismn  melting  at  79 — 80": 

0-2078  gave  0  6128  00,  and  0*1004  Hfi.  0-67*30 ;  H- 6-36. 

0*2308       16*4  cc  moist  nitrogen  at  17^  and  773  mm.   N  -  8*39. 
OjgHjgOsNjS  requires  0  »  67*46 ;  H  »  5*33 ;  N  -  8*28  per  oent. 

The  substance  is  very  soluble  in  alcohol  or  ether ;  it  dissolves 
sparingly  in  cold,  but  readily  in  boiling  light  petroleum. 

Action  of  Bthifi  ChloroaotUOe  on  tho  ThioanUidot  of  IHUh^  Motkam- 
iriearbooifflaie  and  Kihyl  Ct/anomaionaU, 

It  has  been  mentioned  before  (p.  623)  that  this  reaction  yields  cyclic 
compounds  which  probably  have  the  formulae  : 

^CHo  CO  •    g^CH,  CO 

^XI(:N*CeH5)C(0O,Bt)3|  ^^(:N*0eH5)C(0N)*C0,Et ' 

(1.)  (11.) 
and  accordingly  are  to  be  regarded  as  derivatives  of  tetrahydro- 
thiophen.  The  formation  of  the  first  (I),  die^f^'2-phonylimhuh4t-k8tO' 
iotrahjfdrolkiopkon^S'diioaii^oxjflate,  takes  place  almost  quantitatively  on 
adding  to  a  solution  of  sodium  (0*8  gram)  in  absolute  alcohol,  first 
the  thicanilide  of  diethyl  methanetrioarbozyUite  (10*3  grams),  dis- 
solvad  in  the  same  solvent,  then  ethyl  chloroacetate  (4*3  grams), 
and  digesting  the  mixture  on  the  water-bath  for  an  hour.  The 
alcohol  is  distilled  off,  and  the  residue  poured  into  wafer,  when  a  solid 
separates.  This  crystallises  from  dilute  alcohol  in  yellow  prisms  which 
fint  melt  at  116 — 116^  but  immediately  solidify  again  and  then  only 
melt  again  at  136-- 136^ : 
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0-2042  gftve  0*4295  00,  and  0-0966  H,0.  0- 67-86 ;  H»6-26. 
0*2786  „   10  ce.  moist  nitfogen  at  14^  and  752  mm.   N  «  4*25. 
0*2102  „   0*1475  Ba80«.  8-9*61. 
<^ieH,70sNSreqiiimO«57-81 ;  H«5*07 ;  N-418;  8»  9*56  per  oent. 

The  substaoee  it  moderately  soluble  in  oold>  readilj  so  in  hot 
alcohol  or  chloroform.  Those  solutions  as  well  as  the  crystals  are 
yellow  and  retain  their  ooloor  even  on  boiling  the  alcoholic  solntion 
with  animal  charcoal. 

The  componnd  does  not  immediately  dissolve  in  potassium  hydroxide, 
bat  it  dissolves  on  bsing  left  in  contact  with  the  alkali  for  some  time. 
After  a  fortnight,  the  solntion  is  filtered  from  the  nndissolved  crystals 
and  trsated  with  hydrochloric  acid,  when  a  visooas  product  is 
predpttated  which,  on  being  kept  overnight,  sets  to  a  solid.  This  is 
disscdved  in  alcohol,  and  the  solution  boiled  with  animal  charcoal ;  the 
filtnte,  on  cooling,  yields  colourless  prisms  which  soften  at  105^  and 
gradually  melt  at  184^  This  substance  has  the  same  con^osition  as 
the  yellow  compound : 

0-2065  gave  0  4344  CO2  and  0*0947  H^O.  C  =  57  37  ;  H  =  5  09. 
0-2263    „    8  c.c.  moist  nitrogen  at  15°  and  771  mm.  N«4*20. 
^ift^A^^  requires  0-57-31 ;  H-5'07  i  N-416  per  cent. 

The  compound  is  very  stable  towards  acids  and  alkalis ;  whoa 
boiled  with  potassium  hydroxide  for  two  hours,  it  decomposes 
according  to  the  equation  : 

0,eH„OjNS+5H,0  - 

CaHj-NHj  +  CH2(COjH)2 + 0H,(SH)*002H + 00, + SOjHjO. 

The  aniline  was  extracted  with  ether  from  the  yellow  solution,  and 
identified  by  the  usual  tests  ;  the  alkaline  liquor,  on  treatment  with 
hydrochloric  acid,  evolved  carbon  dioxide  and,  when  shaken  with  ether, 
gave  an  oil  having  the  properties  of  thioglycollic  acid ;  the  remaining 
acid  layer  was  evaporated  on  the  water-bath  and  the  residue  extracted 
with  ether;  on  removal  of  the  ether,  colourless  crystals  were  left 
behind  whidi  were  recognised  as  makmio  acid  by  the  melting  point. 

The  cyclic  componnd  (II),  Q^fi^J^JS[fi,  is  formed  in  the  same  way 
as  its  analogue  (I).  The  alcoholic  solntion  of  the  mixture  of  sodium 
ethoxide,  the  thioanilide  of  ethyl  cyanomalonate  and  ethyl  chlcroaoetate, 
when  digssted  on  the  water-batb,  beconras  deep  red.  On  distillation 
of  the  alcohol,  a  dark  solid  is  left  behind  which  loses  the  greater 
part  of  the  colouring  matter  by  washing  with  water.  The  snbstanee 
Is  sparingly  soluble  in  cold  or  boiling  alcohol  and,  after  treatment  of 
the  solution  with  animal  charcoal,  crystallises  in  yellow  prisms  whidi 
darken  at  about  205^  and  melt  at  213^  to  a  bhusk  liquid : 
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0*2065       0*4400  CO^  ami  0*0810  1^0.  0-58*11  H«4*85. 
0*3835   „   19  e.e.  moist  nitrogen  at  18®  and  761  mm.   H« 9*87. 
O^^Hj^OsNgS  requires  0-  58*38;  H-4'17;  2^-9*73  par  cent. 

This  substance  resembles  the  former  cyclic  compound  in  its 
behaviour  towards  potassium  hydroxide,  with  the  difference  that  it 
dissolves  readily  in  the  warm  alkali.  On  adding  dilute  hydrochloric 
acid  to  this  solution,  a  solid  is  precipitated  which,  when  crystalli.sod 
from  alcohol  with  the  aid  of  animal  charcoal,  is  obtained  in  prisms. 
These  are  colourless  and,  on  heating,  become  discoloured  at  about  190°, 
then  gradually  turn  black,  and  finally  melt  at  212"  to  a  dark  liquid. 
The  identity  of  this  product  with  the  yellow  substance  was  verified  by 
a  nitrogen  detemination : 

0*3885  gave  18*4  e.e.  moist  nitiogen  at  14^  and  773  mm.   N  »  9-85. 

C,  JI10O8N2S  requires  N-9*78  per  cent. 

The  chief  differeuce  which,  up  to  the  present,  has  been  found  to 
exist  between  the  two  forms,  lies  in  the  fact  that  the  one  is  yellow, 
the  other  colourless  ;  besides  this  I  have  noticed  that  the  latter 
compound  is  more  readily  boluble  in  alcohol  than  the  yellow  modifica- 
tion. A  further  study,  especially  the  crystal lographic  examination, 
will,  most  probably,  reveal  other  points  of  difference. 

GoinriuB  urn  Oaivb  Ooluiob, 
Cahsbidoi. 


LVIII. — Substituted  Dihydroheiizenes.  Part  Tl.  1  :  1-Z>t- 
methyl-^^''*'d%hydrobemene  and  lil'Dvmethyl-^^-^- 
dihydrobentene. 

By  Abthue  William  Cbossley  and  Noea  Rsnouf,  Salters'  Hesearch 

Fellow. 

Thb  first  part  of  this  research  contained  an  account  of  the  preparation 
of  1 :  l-dimethyl-A*'Mihydrob«n8ene  (II)  by  the  reduction  of  8 :5-di- 
ohk»o*l :  l-dimethyl-A'*Mihydrobenzene  (I)  with  sodium  in  moist 
ethereal  sdlotion  (Thus.,  1903,  81,  831) : 

^^<^^^>^^  OMe.<gH^|>CH. 
(I.)  (IL) 
Shortly  after  the  publication  of  this  work.  Harries  and  Antoni 
{Armalm,  1903,  328,  88)  expressed  doubt,  not  only  as  to  the  constitu- 
tion but  also  as  to  the  composition   of  this  iiydrocarbou.  Their 
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critioUms  were,  in  part,  uwwerod  at  the  time  (B«r.,  1903,36,  2692), 
but  it  was  ooDsidered  dedrable  to  try  to  prapaie  the  sabetanee  hj 
another  method,  in  the  hope  that  a  oompariaon  of  the  two  apecimens 
of  the  hydrocarbon  woald  throw  further  light  on  the  probleoi. 
Althongh  many  proceeaee  have  been  attempted,  it  is  only  recently 
that  one  has  been  snooessfaUy  carried  out,  with  the  result  that  the 
correctness  of  the  earlier  experiments  and  deductions  are  completely 
confirmed,  allowing  the  foUowiog  conclusions  to  be  arrived  at. 

1.  The  dimethyldibydrobenzene  described  by  Crossley  and  Le  Sueur 
is  1  :  l-dimethyl-A'  *-dihydrobenzeiie,  coutaining  as  impurity  a  very 
8mall  amount  of  some  oxygeuated  substauce,  probably  a  methoxy- 
compound. 

2.  The  hydrocarbon  described  in  thi^  communication  (diniethyl- 
dihydroben/.ene  C  and  II),*  and  prepared  by  the  elimination  of  two 
molecules  of  hydrogen  bromide  from  dibromodimetbylhexahydro- 
)>enzene,  is  a  niixtuie,  in  approximately  equal  quantities,  of 
pure  1  :  I  dimethyl-il'^'^HlihydrobeozeQe  and  pure  1 :  l-dimetbyl> 
A*  ^-dihydrobenzene. 

The  starting  point  in  the  synthesis  was  again  dimethyldihydro- 
resorcin  (111),  which  was  first  converted  into  its  etliyl  ether  (IV) 
(Trans.,  1899,  75,  775),  and  this  by  reduction  with  sodium  in  absolute 
ethyl-alcoholic  solution  into  3-hydroxy-5'ethozy>l :  1-dimetbylheza* 
hydrobenzene  (V) : 

(IIL  (iV.) 
r\r.  ^CH.-CH(Uil)>^„ 

(V.) 

This  method  of  preparing  the  ethoxy -com pound  is  to  be  preferred  to 
that  originally  described  (Trans.,  1907,  91,  74),  on  account  of  the 
somewhat  larger  proportion  of  the  compound  produced,  and  also 
because  the  various  rcactioos  involved  are  more  readily  carried  out. 
The  yield  of  ethoxy  •compound  is  61  per  cent,  of  the  theoretical  from 
the  ethyl  ether  used,  and  there  are  also  produced  a  resin,  containing 
1  :  r  (lihydroxy-5  : 5  :  5'  :  5'-tetramebbyldicj^/ohexaQe  (Trans.,  1907» 
81,  71)  and  a  low- boiling  liquid,  the  composition  of  which  is  dealt 
with  on  page  641. 

•  To  avoid  coufubiou  as  far  bs  possible,  the  hydiocarbou  dtbcribeU  iu  thia  com- 
munication, which  U  a  mixtme  of  pure  1 :  l-dimethyl«A**^dihydrolwii2eiitt  and  of 
pure  1 :  l-dimethyl-A'^Mihydfobenzene,  ie  referred  to  m  dimethyldtbydrobeiueiio 

(C  and  R),  the    1  :  l-dimethyl-A*=*«dihy<lrobciizcno,  prepared  by  Crossley  and 
Le  Sueur,  as  dimetliyltliliydrobcnz^Mif       nnd  S),  ami  the  feuppnsed  1  :  1 -dimethyl- 
'-•iiliyrlrubcuzuuc  of  Ilarrioi  aud  Aiitoni  {Ice,  cU.)  m  dimtsUiyldihydrobeazcue 
(H  ana  A). 
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When  hydroxyethoxydimethylhexahydrobenzenf?  is  treated  with 
fuming hydrobron lie  acid  a  mixture  of  bromodimethyltetrahjdrobeniene 

(VI.)  (VII.) 

(VI)  and  dibromodimethylhexahydrobenaene  (VII)  rwulte,in  whiefa  the 
latter  largely  predominates.  The  presence  of  the  former  monohromo- 
derivative  ia  due  to  the  iniftability  of  dibromodimethylhexahydro- 
bensene  and  its  consequent  deoompoeition  with  loes  of  the  elements  of 
hydrogen  bromide.  For  this  reason,  it  was  impossible  to  prepare  the 
dibromo-componnd  in  an  analytically  pure  condition,  as,  no  matter  how 
often  it  was  distilled,  there  wsr  always  slight  decomposition,  resulting 
in  ihe  formation  of  a  small  quantity  of  tlie  lower  boiling  bromo- 
dimethyltetrahydrobenzene.  Nor  could  this  latter  substance  b« 
obtained  analytically  pure,  for  it  behaves  in  an  exactly  similar  manner 
on  distillation,  giving  off  the  elements  of  hydrogen  bromide  with 
gradual  formation  of  dimethyldihydrobeuzene. 

When  dihromodimethylhexahydrobenzene  is  treated  with  quinoline 
it  logeF  readily  and  completely  two  molecules  of  hydrogen  bromide, 
with  formation  of  dimethyldihydrobenzene,  and  this  reaction  may  take 
place  in  two  ways,  and  two  ways  only,  giving  rise  to  1  :  1 -dimethyl- A'- 
dihydrobenzene  (  V  XII),  or  to  1 :  l-dimetbyl-A^'^-dihydrobenzene  (IX)  : 

/  \ 

CMe.<gg-g|>CH  CMe,<g|:^>CH^ 

(vin.)  (IX.) 

There  is  no  difticulty  in  proving  that  the  reaction  proceeds  in  both 
diret^tions,  giving  rii<e  to  a  mixture  of  the  two  hydrocarbons  in 
approximately  equal  amounts.  At  lirst  it  was  tht^ight  that,  the 
bromodimethyltetrahydrobenzene  might  have  given  only  diraethyl- 
A* '*-dihydrobenzene  on  treatment  with  quinoline,  and  the  substance 
was  therefore  worked  up  eeparat^ly, 

without  the  slightest  indication  of  any  difference  in  tlie  composition 
of  the  resulting  hydroearVwn.  Nor  is  this  to  be  surprised  at^  for  if  the 
first  product  of  the  action  of  hydrogen  bromide  on  the  ethozy-compound 
be  dibromodimethylhexahydiobeiizene,  this  may  lose  hydrogen 
bromide  in  two  ways  to  ^ive  monobromo-derivatiyes  (X  and  XI)  from 
VOL.  XCIIi.  •  T  T 
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which  the  same  mixture  of  bydrooarbons  mtgbe  iwilt  by  further  Io6s 

of  hydrogen  bromide : 

'  (X.)  I 

(XI.) 

The  reasons  for  believing  dimethyldihydrobenzeue  (0  and  R)  to  bo 
a  mixture  of  the  two  hydrocarbons  with  tlie  double  bonds  in  the  2  :  4- 
(fornmla  VIII)  and  2  : 6-  (formula  IX)  positions  respectively  are  tho 
following. 

1.  It  contains  1  :  l-dimethyl-A^  Mihydrobenzene  because  it  gives 
the  nitrosochloritle  of  this  liydrocarbon  (Trans.,  1902,  81,  835). 

2.  When  treated  with  hydrogen  bromide  it  gives  a  monoliydro- 
bromide  and  a  dihydrobromide.  The  former  boils  at  82—837*20  mm., 
yields  o  oxidation  o^-dimethylBiiccioic  acid,  y3^-dimethylglutaric  acid 
and  the  lactone  of  a-hydroxy  iS^-dimethylglutaric  acid,  and  is  therefoi*e 
identical  with  tho  liydrobromide  of  1  : 1 -dimethyl- A=  =*-dihydrobeDzene 
(Trans.!  ilnd.f  p.  833),  which  hydrocarbon,  owing  to  the  fact  that  it 
contains  a  conjugated  double  bond,  is  only  capal)le  of  uniting  with  one 
molecule  of  hydrogen  bromide,  thus  corresponding  exactly  with  the 
behayiour  of  d^'Mibydrobenzene  (Trans.,  1904,  85,  1422)  io  this 
respect. 

Tho  dihydrobromide  is  obviously  that  of  1  :  1 -dimethyl- A-  "'-dihydro- 
beniono,  which,  as  it  contains  two  double  bonds  not  conjugated, 
would  unite  with  two  molecules  of  hydrogen  bromide. 

3.  It  absorbs  bromine  to  give  two  distinct  bromides,  namely,  the 
liquid  dibromide  of  1  :  1 -dimethyl  A=  =  *-dihydrobenzene  (Trans.,  1902, 
81,  833),  and  the  solid  tetrabromide  (m.  p.  102°)  which  must  be  derived 
from  1  :l-dimethyl-A^''-dihydrobenzene.  Moreover,' as  the  molecular 
absorption  corresponds  with  three  atoms  of  bromine,  it  would  mean 
that  the  mixture  consists  of  the  two  hydrocarbons  in  exactly  equal 
amounts.  This  bebavioar  is  in  striking  accord  with  that  of  dihydro- 
bensene  itself  towards  bromine,  in  which  case  the  A^'^  variety  (XII) 
absorbs  only  two  atoms  to  |^vo  ibe  solid  dibromide  (m.  p.  108 — 109°) 
(Trans.,  1904,  85,  1421),  wbersss  A*  Mihydrobenaene  (XIU)  adds 

(XIL)  (XUI.) 
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Oil  four  atoms  of  bromine  to  give  a  solid  telrabromide  melting  at  184^ 
(Baoyer,  Annaten,  1894,  278,  96). 

4.  When  oxidised  with  potassium  permanganate  it  yields  as  main 
oxidation  products  a^,  diiuuihylsucciDic  acul  ;ind  dimethylmalonic  acid.  i 
The  former  arises  from  tiie  1  :  l-dimethyl-A  "  *-dihydrobenzene,  because,  ' 
under  the  conditions  used,  this  liydrocarbon  has   been  shown  by  ! 
experiment  not  to  give  rise  to  any  di methylmalonic   acid,  which 
ihereforo  owes  its  origin  to  the  oxidation  of  1  : 1  -dimetbjl-A^ '  '^•dihydro- 
benzene : 

5.  It  gives,  when  treated  with  a  nitrating  mixture,  the  two  possible 
forms  of  trinitro-o-xylene  melting  at  71'  and  115°  respectively.  This 
is  an  exactly  analogous  reaction  to  that  recorded  by  "NVallach 
{Annalen,  1890,  258,  329),  where  1  :  3-dimetliyldihydrobenzeiie  was 
converted  by  a  mixture  of  nitric  and  sulphuric  acid.s  into  mono-,  di-, 
and  trinitro-w  xylenes.  Now  it  was  not  found  practicable  to  prepare 
a  nitro-derivative  from  1  :  l-dinietliyl-4-  ^-dihydrobenzene  (Trans., 
1902|  81,  833),  and  the  experiments  have  been  repeated  with  fresh 
qoaotities  of  this  hydrocarbon  again  with  the  same  result.  The  con- 
clusion to  be  drawn  is  obviously  that  the  isomeric  1  : 1 -di  methyl- A'^*'- 
dibydrobensene  is  responsible  for  the  production  of  the  trimtroxylenes 
in  the  above-mentioned  experiments,  daring  wliich  process  a  methyl 
group  wanders  and,  as  in  other  similar  cases  (Trans.,  1904»  66,  264 ; 
1906,  89,  875),  into  an  ortho-position. 

It  wonld  appear  desirable  at  this  point  to  give  a  tabulated  com-' 
perison  of  the  pvopertieB  of  the  dimethyldihydrobensenes  (C  and  8) 
and  (O  and  R),  also  of  1 :  l-dimethyl-A*'Mthydrobeniene  and  1:1- 
dwaethyl-A^'-diiiydrobepgepe,  as  far  as  can  be  ascertained  from  the 
ptesent  experiments  (see  p.  634). 

Ha?vti^  ae^piired  tfais'  information,  tiie  criticisms  of  Harries  and 
Antoni  {toe,  ml)  maj  now  be  answered  in  detail.* 

In  the  first  iidaoe,  these  authors  consider  that  the  analyses  given  by 
Oresslej  and  Le  Snenr  (Mi,)  are  midway  between  those  for  a  dimethyl- 
dihydro-  and  a  dimethyltetrahydro-benaene.  The  mean  of  the  two  analy- 
see  qnoted  gave  C« 88*30  and  H«  n*27f  and  it  is  obvious  from  the 

Cftlonlated.  Calculated. 

Difference.         C(Hi4.  Found.  ^t^if  Difference, 

-H-03  87-27  C  =  88-30  88-88  -0-58 

-1-46  12-7;]  H  =  n'27  11-11  -i  0-16 

annexed  comparison  that  the  numbers  do  not  lie  midway  between 

*  The  reply  to  their  remarks  about  dihydrobeuzeno  has  appeared  (Trans.,  1904, 
8(§,  H04J. 
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B.  p  

Sp.  gr.  at  Wpitr  ... 
Judex  ot  rufractiou 
Molecnkr  refiraetbii 
Magnetic  lototion ... 
Coloor  with  H^04 


DimefhyldihjdiobMisMica. 


(CaadS). 


Fuming  HBr .. 


Bromiue 


111* 

0-  8168 

1-  4548 
60*217 
11 -024 

Blood-red     tiirning  to 
violet-purple 

Monohydrobromide,  b.  p. 
90-5736  mm. 


Dibromide,  unstable 
liquid 


NOCl  /.   Nitnwooliloride,  m.  p. 

.  121* 


KitntiDg  mixture. 


No  definite  product 


Oxidation  products   i  (U-Diaiethyliiucciuicacid 


Oxidation  pro(!uet8  of  mono- 
hydrobromide  


(ur-Dimethyliaccinicacid, 
jS/3-dimetbylrintaiicadd, 
lactone  of  o-liydroxy-/5i8- 
dimethylglntaric  add 


(C  and  R). 


Ill -2" 

0-8147 

1  -4535 
80-261 
10*460 

Blood-red    turning  to 
violet- purple 

Monohydrobromide,  b.  pw 

83720  mm. 
Dihjarobromid«»-  V.  p. 

18r/26  mm. 

Dibromidc,  unstable 
liquid 

Tetxabromide,  m.  pu  102** 

NittoiocUoiide,  m.  p. 
121» 

Trinitro-o-xylenea,  m.  p. 
71'  and  116* 

os-Dimetbylsuccinicacid, 
dimethylmalonie  add 

cu-DimetUylsuccinicacid, 
8/3dimothyldtitaiieaeld, 
lactone  of  a-hydroaqr-AB* 
dimethylglutarie  add 


1  :l-Dim0thyl<A*=Mihydrobeni8ne. 

1 :  l*Dimethyl*A'''<dihydrobeiiseBe. 

Hydrobromide,  C^HisBr.   B.  p.  83720 
mm. 

Hydrobromide,  CsHj^Br,.  B.  p.  137725 
mm* 

Nitrosochluride,  ui.  p,  lil 

Xu  nitiosochloridc  isolated 

Dibromide^  C^HnBrd  nnatable  liquid 

Tetrabromide,  CpHuBr^,  m.  p.  108* 

No  nitro-defiVBtirea  obtainable 

Trinitro-o- xylenes,  m.  p.  71"  and  115* 

Oxidation  product,  M-dimethyUuccinic 
acid 

Oxidation  product,  dimethylmalonie  acid 
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•  the  calculated  Bguie^:,  the  differences  in  those  found  and  calculated 
for  CgHj^  being  very  large,  and  the  errors  are  in  the  wrong  direc 
tion  ;  for  lis  a  rule  carbon  is  found  too  low  and  hydrogen  too  high, 
and  not  vice  ver8a.  Moreover,  if  any  appreciable  (juautity  of  di- 
methyltetrahydrobeuzene  had  been  present  it  could  hardly  have  escaped 
detection,  as  on  oxidation  it  would  have  yielded  ^^-dimethyladipic 
acid,  which  presents  no  diflficulty  of  isolation  or  ideiititication.  This 
may  be  noted  from  the  following  brief  description  of  some  unpublished 
experiments. 

In  1903  an  unsuccessful  attempt  was  made  to  prepare  1  :  1-diraethyl- 
hexahjdrobenzene  (compare  Trans.,  1905,  87,  1487)  by  the  reduction 
of  3  : 5-dichloro-l  :  1-dimethyl-A''  ■*-dihydrobenzene  (I)  with  sodium  in 
ainyl-alcoholic  solution.  The  resulting  hydrocarbon,  after  distillntion 
over  sodium,  boiled  at  113  — 114"'  and  gave  tlie  following  numbers  on 
analysis,  C  =  87'96,  H=  l'2-\b  ;  that  is,  midway  between  those  calcu- 
hkted  for  CgHjj  and  CgHi4.  urther,  it  gave  an  orange-brown  colour 
with  sulphuric  acid,  and  absorbed  two  atoms  of  bromine  in  chloroform 
solution  (molecular  absorption,  156  5).  This  would  be  in  agreement 
with  the  supposition  that  the  hydrocarbon  was  a  mixture  of  1 : 1-di- 
methyl-A'^-dihydrobenaene  and  1  :  l-dimethyI-A^-tetrabydrobenzene» 
both  of  which  substances  would  only  absorb  two  atoms  of  bromine. 
On  oxidation  with  potassium  permanganate  a  solid  was  obtained,  which 
was  heated  with  acetyl  chloride,  and  after  evaporation  of  the  solvent 
the  residue  was  treated  with  dilute  sodium  carbonate  solution,  leaving 
an  insoluble  portion,  which  was  proved  to  consist  of  os-dimethyl- 
sooeinie  anhydride  j  after  acidification  of  the  sodium  carbonate 
solution  with  dilute  sulphuric  acid,  ether  extracted  a  white  solid 
crystallising  from  a  mixture  of  chloroform  and  light  petroleum  in 
stellar  aggregates  of  flattened  needles  melting  at  85 — 86^  nor  was 
this  melting  point  altered  on  mixing  with  pure  A^-dimethyladipic 
acid.  (0»55'15;  H»8a0.  OgHj^O^  lequiiee  C- 5517;  H« 805 
per  centu,  compare  also  Trans.,  1906,  89, 1556.) 

If  the  above  quoted  figures  for  dimethyldihydrobenxene  (CandS) 
are  examined,  it  will  be  found  that  they  add  up  to  99*57 ;  and 
although  this  hydrocarbon  has  been  prepared  by  the  old  method  on 
fifteen  different  occasions,  and  each  time  analysed,  the  percentages  of 
carbon  and  hydrogen  found  have  never  together  formed  100,  the 
deficit  in  some  cases  amounting  to  as  much  as  0*8 — 0*9  per  cent.  It 
is  therefore  acknowledged  that  the  hydrocarbon  was  not  and  cannot 
be  obtained  in  an  absolutely  pure  state  by  the  original  method,  but 
the  impurity  is  not  dimethyltetrahydrobenzeiie  as  suggested  by 
Harries  and  Antoni.  The  hydrocarbon  was  prepared  by  the  action 
of  sodium  in  moist  ethereal  solution  on  dichlorodimethyldihydro- 
benzene  (1),  and  it  might  therefore  be  thought  that  the  impurity  was 
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ehlonne ;  Imt  the  mos^  stringont  toiti  fmiled  to  reveal  tbe  slightest  txie^ 
of  thie  element.  Now  when  diloroketodimethyltetrahydvobenieDe  (XIY ) 

(XIV.) 

is  reduced  with  sodiniii  in  ethyl-alcoholic  Mohition,  the  Chlorine  atom 
is  replaced  by  an  ethoxy-group  (Tran«?,,  1907,  91,  74),  and  it  seema 
most  probable  that  a  similar  type  of  reaction  takes  place  in  the 
preparation  of  1  :  1 -dimethyl- A" •^-dihydrobeuzene  by  the  reduction  of 
dichlorotlimethyldihydroben/.ene  with  sodium  in  moist  ethereal  .•solu- 
tion ;  because  small  quantities  of  methyl  alcohol  were  added  to  the 
ether  to  facilitate  the  reaction,  and,  up  to  a  certain  point,  the  larger 
the  amount  of  alcohol  the  more  impure  was  the  resulting  hydrocarbon. 
It  may  therefore  be  reasonably  deduced  that  the  deficit  in  the  aboTe« 
mentioned  analyeee  due  to  oxygen,  and  that  the  dimethyldihjdro* 
benzene  contains  very  email  amounte  of  a  methoxy-oompoand,  poeribly 

CMe,<^2*^^I|^>CH,  which  would  aoeoimt  for  the  error  in  the 

analytical  figares. 

Another  euggestion  made  by  Harries  and  Antoni  ie  that  dimethyl* 
dihydrobensene  (0  and  S)  is  not  a  true  dihydrobenzene,  but  contains  a 
trimetbylene  ring  as  represented  in  formula  XT.  Altogether  apart 
from  the  probable  incapability  of  existence  of  sach  a  body^  it  may  be 

(XV.) 

mentioned  that  the  magnetic  rotation  of  the  hydrocarbon  would  have 
at  once  proved  the  presence  of  a  trimetbylene  ring,  and.  moreover, 
we  have  now  evidence  that  the  same  dimethyldihydrobeuzene  is 
produced  by  the  reduction  of  dichlorodimethyldihydrobenzene,  and  by 
the  removal  of  the  elements  of  hydrogen  bromide  from  dibromo- 
dimetbylhoxahydrobenzene. 

This  can  only  be  explained  if  the  subetanoe  be  designated  1 :  l-di« 
metbyl-A'**-dihydrobensene,  and  hence  the  possibility  of  a  tri- 
metbylene ring  being  present  in  the  hydrocarbon  is  precluded. 

Harries  and  Antoni  further  point  out  as  a  proof  that  dimethyl* 
dihydrobensene  (C  and  8)  is  a  mixture  of  the  dihydro-  and  tetra* 
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hydro-derivativeB,  that  the  physical  coUBteiitt  1m  midway  between 
41k)66  o!  hydrooarboDf  of  tli«  dibydrobemene  isries  and  tboie  of  the 
teirabydrobeQsene  aeries.  The  ipeeific  gravity,  0*814  at  18718%  in, 
however,  not  very  different  from  that  of  1 : 3-dimethyl-A***-dihydro^ 
« benaene  deeeribeil'by  HaxrieSi  namely,  0*830  at  I8718"t  Mid,  however 
pKanaiUe  the  above  aifpiment  may  have  appeared  at  the  time,  it  is  no 
longer  tenable;  for  there  cab  be  no  donbt  that  dimefehyldihydro* 
beniene  (0  and  R)  does  not  contain  any  of  the  oorresponding  tetra- 
hydro-derivative,  yet  ite  physical  data  do  not  differ  sufficiently  from 
those  of  dimethyldihydrobenzene  (O  and  S)  to  bring  it  in  line  with 
ttiose  quoted  by  Harries  and  Antoni    (See  page  634.) 

The  whole  qnestion  is  further  complicated  by  the  fact  that  Harries 
and  Antoni  prepared  a  hydttwarbon,  which  they  believed  to  be 
1 :  l-dimethyi-A*'**dihydrobensene,  also  from  dimethyldihydForesorcin 
as  b  starting  point ;  but,  unfortunately,  no  information  Is  given  as  to 
any  derivatives  which  woold  enable  a  comparison  to  be  made  with  the 
hydrocarbon  having  that  undoubted  structure  described  in  this  com- 
munication ;  and  it  would  appear  that  the  present  evidence  is 
insufficient  definitely  to  establish  the  constitution  of  Harries  and 
Aiitom's  hydrocarV)on.  Dimethyldihydroresorcin  was  first  converted 
into  tho  dioxime,  and,  after  reduction,  the  dry  phosphate  of  the  result- 
ing diamine  was  distilled  ; 

V  (XVI.) 
The  single  piece  of  evidence  on  which  the  supposed  constitution  of 
this  substance  is  based  is  oxidation,  whereby  9  grams  gave  0*3 
gram  of  oxalic  acid,  a  small  amount  of  a  succinic  acid,  the  presence  of 
which  could  only  be  proved  by  the  pyrrole  reaction,  and  2  to  3  grams 
of  an  oily  acid,  connisting  for  tho  most  part  of  malonic  acid.  It  is 
stated  that  this  latter  acid  could  only  have  been  formed  if  the  hydro- 
carbon has  the  constitution  represented  by  formula  (XYI) ;  in  which 

case  dimethylmalonic  acid  should  also  have  been  isolated  ;  but  Harries 
and  Antoni  definitely  state  that  it  was  impossible  to  isolate  any  of 
this  acid.  In  other  words,  Harries  and  Antoni  were  unable  to  obtain 
any  oxidation  product  from  the  hydrocarbon  which  contained  the  gem-^ 
dimethyl  group.  14  ow,  although  the  present  authors  have  oxidised  a 
vety  large  number  of  derivatives  of  dimethyldibydroresorcin,  they  have 
never  failed  in  any  case  to  isolate  either  dimethylmalonic  acid,  as 'di- 
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methxlsttoemie  aoid,  /S^^^UmetJiylgUitanc  acid,  the  lactone  of  o-hydroxy- 
^jS'dimetliylglutarie  add,  or  oa-  or  /3/3-diiiiethyladipio  acid8»  that  is,  an 
oxidation  product  definitely  proving  the  preeenoe  of  the  pwn-dimethyl 
group. 

It  is  poeaible  that  during  the  distillation  of  the  diamine  ^Maphate. 
a  methyl  group  has  wandered,  whence  Harries  and.  Antoni's  hydro- 
carbon might  have  the  constitution  represented  by  formula  (XvII)* 

(XVII.) 

and  from  which  malonic  acid  could  easily  result  on  oxidation. 

Nor  is  there  any  apparent  reason,  presuming  that  a  methyl  group 
does  not  wander,  for  supposing  that  the  elimination  of  ammonia  from 
the  cyclic  diamine  would  take  place  in  one  way  and  one  way  only. 
Harries  and  Antoni  have  themselves  bhown  that,  when  the  phosphate 
of  diaminohexahydrobenzene  (XVIII)  is  submitted  to  dry  distillation, 
ammonia  is  evolved  in  both  of  the  possible  directions,  giving  rise  to  a 
mixture  of  A^'*-dihydrobenzene  (XX)  and     -Mihydcobensene  (XIX), 

(XIX.)  (S[V1U.) 


(XX.) 

and  tliey  therefore  conclude  that  "  the  (/ewi  dimethyl  group  influences 
the  position  taken  up  by  the  double  bonds/' 

™®SjH,-CH(NH:)'^^2  CMe2<;.^j^.(,jj^H, 

If  this  is  so,  why  does  it  not  influence  the  position  of  the  double 
bonds  when  hydrogen  bromide  is  eliminated  from  dibromodimethyl- 
hexahydrobenzene  t   For  this  is  a  reaction  strictly  analogous  to  the 

CHCH 

jibovo,  which,  as  piovtd  in  this  commiinicalion,  takes  place  in  both 
ways,  giving  rise  to  a  mixture  of  the  two  possible  hydrocarbons  in 
equal  amounts.  The  presence  of  the  ym-dimethyl  group  certainly 
does  not  exercise  any  apparent  influence  in  this  case,  or  in  the 
position  of  the  double  bond  formed  when  3>bromo-l :  1-dimethylhexa^ 
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liydrubenzeue  loses  the  elements  of  hydrogen  bromide  (Trans.,  1906| 
89,  1556),  when  again  two  isomeiio  hydrocarbons  are  produced. 

/  ■ 

The  boiling  point  of  dimethyldihydrobeDMne  (H  and  A)  is 
135 — 137^,  agreeing  very  well  witb  the  boiling  points  of  other 
dimethyldihydrobenzenes,  whereas  dimethyldihydrobenzene  (C  and  S) 
boils  at  lll"^,  and  Harries  and  Antoni  suggest  that  the  low  boiling 
point  may  be  due  to  the  fact  that  it  is  a  mixture  of  diuieiliyldi-  and 
dimethyltetra-hydroboDzenes,  but  again  this  argument  is  not  tenable, 
for  dimethyldihydrobenzene  (C  and  R)  boils  at  precisely  the  same 
i  emperature.  It  is  true  that  this  latter  hydrocarbon  is  a  mixture  of 
dimethyl-A*'*-dihydrobeDzene  and  dimethyl- A-  '  dihydrobenzene,  and 
we  have  no  information  as  to  the  lowering  of  the  boiling  point  in  a 
mixture  of  two  substances  differing  in  constitution  only  by  the  vary- 
ing positions  of  the  double  bonds.  It  seems  hardly  likely,  however, 
that  this  would  lower  the  boiling  poiut  V)y  26°,  and  it  would,  indeed, 
be  a  most  remarkable  coincidence  if  the  minute  amount  of  impurity  in 
dimethyldihydrobenzene  (C  and  S)  should  cause  exactly  the  same 
lowering  in  the  boiling  point  of  dimethyl-A^'^-dihydrobenzene  as 
would  be  observed  by  mixing  a  pure  specimen  of  this  hydrocarbon 
with  an  equal  bulk  of  pure  dimethyl  -  A-  '^-dihydrobenzene,  yet  such 
is  the  composition  of  the  dimethyldihydrobenzene  (C  and  R).  It  is 
hoped  that  before  long  further  information  will  be  forthcoming  as  to 
what  influence,  if  any,  the  presence  of  certain  gnmpings  exercises  on 
'  the  boiling  point  of  isomeric  substituted  dihydrobensenes. 

Harries  and  Antoni  state  that  2  grams  of  their  dimethyldihydro- 
benzene  gave,  on  treatment  with  a  nitrating  miztore,  0*6  gram  of 
trinitro-mpzyleney  bat  they  do  not  giye  the  melting  point  of  the 
prodncti  and  conseqaently  it  is  donbtful  which  of  the  three  trinitro-m- 
xylenes  (melting  respeetlTely  at  90^,  125^ 'and  182^)  was  obtained. 
Bat  this  might  be  regarded  as. a  proof  that  dimethyldihydrobensene 
(H  -and  A)  does  not  oontain  the  ^em-dimethyl  group,  for  although 
many  cases  of  the  wandering  of  a  methyl  group  in  derivatives  of  gem- 
dimethyldihydroreeorein  have  been  recorded  (Trans.,  1904,  85,  2G1 ; 
1906,  89,  875),  no  single  instance  has  been  obseryed  in  which  a 
methyl  group  has  wandered  into  anything  but  an  ortho^posttion. 
Moreover,  dimethyldihydrobenzene  (C  and  R)  undoubtedly  contains 
dimethyl-A^^^-dihydrobeuzene,  and  under  the  iufluence  of  a  nitrating 
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mixture  it  is  this  hydrocarbon  which  is  eoiiTsrted  into  the  two  possible 
trinitn^o-zylenesy  as  explained  on  page  683. 

With  the  statement  of  Harries  and  Antoni  that  dimethyl dihydro- 
bessene  (C  and  S)  also  gives  trinitro-m'xylene  we  cannot  agree,  as  all 
attempts  to  nitrate  this  hydrocarbon  under  the  conditiims  mentioned 
by  Harries  and  Antoni,  and  also  under  various  other  conditions,  have 
failed  to  give  any  definite  nitro4erivative. 

FreparatUm     I :  l-J)inuihyldiJiydror68or€in  EUiyl  £ther. 

The  ethyl  ether  of  dimethyldihydroresorcin  was  originally  prsparsd 
(Trans.,  1899,  76,  776)  by  the  action  of  ethyl  iodide  on  the  silver 
salt  of  dimethyldUiydroreeoroin,  but  it  may  be  more  readUy  obtained 
in  bulk  by  direct  esterification.  For  this  purpose,  laige  amounts  of 
dimethyldihydroresorcin  were  heated  in  quantities  of  50  grams  with 
150  grams  of  absolute  ethyl  alcohol  and  15  grams  of  concentrated 
sulphuric  add  for  seven  hours  in  a  flask  attached  to  a  reverse 
condenser.  The  major  quantity  of  the  alcohol  was  then  evaporated, 
the  residue  poured  into  water,  extracted  three  times  with  ether, 
the  ethereal  solution  washed  with  potassium  hydroxide  solution 
(washings  »  A)^  then  water,  dried  over  calcium  chloride,  and  the  ether 
evaporated,  when  the  residue  of  38 — 40  grams  set  at  once  to  a  solid 
cake,  which,  after  one  crystallisation  from  light  petroleum  (b.  p. 
40—60°),  melted  sharply  at  60^ 

On  acniifyiug  the  alkaline  washings,  A,  16  grams  of  dimetliyl- 
dihydroresorcin  were  recovered,  which  were  again  esterified  in  the 
al)ove-described  manner,  when  the  total  yield  of  ethyl  ether  was 
brought  up  to  78  per  cent,  of  the  theoretical. 

deduction  of  the  Ether  with  Sodiuvi  and  AbsoiiUe  Alcohol. 

Four  hundred  and  fifty  grams  of  the  ether  wwe  dissolved  in 
quantities  of  20  grams  (1  molecule)  at  one  time  in  400  c.c.  of  absolute 
ethyl  alcohol  in  a  flask  attached  to  a  reverse  condenser,  and  33  grams 
of  sodium  (12  atoms)  out  in  thin  slices  gradually  added ;  the  flask  was 
continuously  shaken  and  heated  to  expedite  the  solution  of  the  last 
portions  of  the  sodium.  Water  was  then  added,  and  sufficient  alcohol 
evaporated  to  cause  the  separation  of  an  oil,  when  the  whole  was 
extracted  four  times  with  ether,  washed  with  water  until  no  kmger 
alkaline,  dried  over  calcium  chloride  and,  after  evaporation  of 
the  ether,  distilled,  when  at  33  mm.  the  following  fractions  were 
collected : 
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Bolow  130*'«s61  grams;  130 — 145°  =  225  grams ;  rotduous  rcbidue 

31  graiu?«,  aud  after  two  more  distillations  : 

87— 120° » 45  grams;  120^135° » 2  grains;  135— 138'' =  236  gramsi 

^^rae§w»  87— 120<*.— The  boiUng  point  of  this  material,  which  is 
identical  in  composition  with  the  similar  low  boiling  liquid  obtained 
by  the  reduction  of  chloroketodimethyltetrahydrobenfene  with  sodium 
in  alcoholic  solution  (Trans.,  1907^  91>  74),  showed  it  to  be  a 
mixture,  but  after  repeated  |ractionation  a  small  portion  boiled 
constantly  at  85^  at  23  mm.,  and  gave  the  following  numbers  on 
analysis : 

0  1424  gave  0-3985  CO.  and  0  1 373  H.O.         76-32  ;  H  =  10-71. 
C^j^O  requires  C- 7619;  H- 1111  per  cent. 

It  was  expected  that  this  substance  would  prore  to  be  3-keto-l :  1- 
dimethyl-A^tettahydrobensene,  Ofi^fi  (Trans.,  1907,  91,  78),  but 
the  analysis  shows  it  to  contain  at  most  traces  of  this  ketone  and  to 
have  the  formula  OgHj^O.  It  must  therefore  be  either  8-hydrozy- 
1 ;  l-dimethyl-A^tetrahydrobeneene  (XXI),  or  3-keto-l :  1 -dimethyl- 
hezahydrobenxene  (XXII) : 

(XXI.)  (XXII.) 

Inasmuch  as  it  did  not  give  a  semicarbazone  but  gave  acetyl  and 
benioyl  deriTatives,  and  also  as  its  boiling  point  is  10°  higher 
than  that  of  keto-1 : 1-dimethylhezahydrobenzene  (Trans.,  1 907, 
91,  81),  it  would  appear  to  be  9-h$dfvc^l :  l-iltm«lA^A«-MfwAydro- 
isitesiM. 

It  is  a  clear,  ooburlees,  limind  liquid,  with  a  strong  camphoraceous 
odour,  giving  only  a  faint  orange  colour  with  sulphuric  add,  and 
absorbing  bromine  in  chloroform  solution  without  eTolving  hydrogen 
bromide.  It  did  not  solidify  when  cooled  in  a  freesing  mixture. 
Unfortunately,  the  acetyl  and  bensoyl  derivatives  could  not  be 
obtained  in  an  analytically  pure  condition,  as  there  was  too  little  of 
the  fraction  boiling  at  85°  at  23  mm.  In  order  to  prove  the  presence 
of  3-keto-l :  l-dimethyl-A^tetrahydrobensene,  the  fraction  84—86°, 
giving  a  marked  colour  reaction  with  sulphuric  acid,  was  treated  with 
benioyl  chloride,  and,  after  working  up  in  the  usual  way,  distilled  at 
26  mm*,  when  about  one>third  of  the  liquid  passed  over  below  100^, 
and  the  temperature  then  rose  rapidly  to  190°  (boiling  point  of 
the  bensoyl  derivative).  The  low  boiling  liquid  was  reduced  with  zinc 
dust  in  aqueous  alcoholic  solution,  when  a  quantity  of  1  : 1'-dihydroxy- 
5  : 5  :  5' :  5'-tetramethyl-A^ '^-dicyr/olicxene,  melting  at  148°,  was 
obtained,  and  from  this,  by  treatment  with  biomine,  the  tribromo- 
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anhydride  (t)  mdiing  with  decompodfaon  at  350**  (Thuis^  1907. 
91,  76). 

Tlie  fnction  87— 120»  therefore  oonsisiied  of  d-keto-1 :  l-dioiethyl- 
A^-tetrahydrobeuene,  d*hydrozy-l :  l-dimethyl-A^-tetrahydiobenieiie^ 
and  probably  also  the  oomspoocUng  sataiated  ketone  and  aloohol,  the 
prodnetion  of  which  enbstanoes  necessitates  the  elimination  of  the 
(demente  ol  ethyl  alcohol  from  the  ethoxy-compound  during  the  process 
of  reduction.  If  the  fraction  contained  nothing  but  these  substances, 
then  on  reduction  the  whole  should  be  converted  into  the  fully 
saturated  alcohol,  and  by  treating  30  grama  with  .sodium  in  moist 
ethereal  solution  (Trans.,  1U05,  87,  1494),  there  were  produced  22 
grams  of  3-hy(lioxy-l  :  l-dimethylhexahydrobeuzeue  and  3'5  grams  of  a 
resin  yielding  1-5  granis  of  1  :  l  -dihydroxy-S  :  5  :  5' :  6'-tetramethyl- 
dic^c/ohexanp,  melting  at  212°  (Trans.,  1907,  91,  71).  The  latter 
substance  wan  also  obtained  by  working  up  the  31  grams  of  resinous 
residue  mentioned  above. 

The  fraction  135 — 138°  was  again  distiUedj  when  the  major  portion 
boiled  constantly  at  131°  at  25  mm.  : 

0-1229  gave  0-3158  COj  and  0  1288  Kfi,    C  =  70*07;  H«  11-64. 
^lAfit  requires  C  -  69-77 ;  H  - 1 1-62  per  cent. 

d-Hydroxy-5-ethozy-l :  1-dimethylhezahydrebeniene^  which  ia  ob- 
tained in  51  (|er  cent,  of  the  theoretical  quantity  from  the  ethyl  ether 
oaed,  poeaesses  the  properties  already  ascribed  to  it  (Tirana.,  1907, 
91,  74). 

Action  qf  Hyd/rogm  Bromide  on  Hjfdraxyetko»^im$thiflkemi- 

Two  hundred  and  6fty  grams  of  hydroxyetboxydimothylhexahydPO- 
beiizeue  were  treated  with  fuming  hydrobromic  acid  exactly  as 
previously  de.scribed  (Traus.,  1905,  87,  1497),  except  that  the  heating 
was  carried  out  in  glass  stoppered  bottles  instead  of  soda-water 
bottles.  After  several  distillations  of  the  product,  the  following 
fractions  were  obtained  : 

80—90^=1  grami  90— 100°  =  90  grams;  100— 110°  =  24  grams; 
110^120°- ll-O  grams;  120— laO^'^S-S  grama;  130—150=- 
21ti  grama. 

The  residue  of  44  grams  waa  not  further  worked  with. 
The  *i action  100 — 110**  was  twice  redistilled,  and  a  portion  boiling 
at  92—93^  at  40  mm.  analysed : 
0*143 1  gave  0*2852  CO,  and  0*101 1  H,0.   0  -  54*35 ;  H  -  7*85. 
01866   „    0*1635  AgBr.    Br -37*28. 

GgH^Br  requires  C- 50*79 ;  H-6*87 ;  Br -42*33  per  cent 
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As  the  analytical  numbera  add  up  to  99*5»  there  can  be  no  doubt 
that  tbe  substanoe  contained  only  carbon,  hydrogen  and  bromine, 
and  oonsiated  mainly  of  bromodimethyltetrabydrobenzene,  mixed 
pgrobably  with  some  dhnethyldihydrobenzene ;  for  on  distillation  there 
was  always  slight  decorapoeition  due  to  loss  of  hydrogen  bromide  and 
formation  of  small  quantities  of  a  lower  boiling  substance. 

The  fraction  130 — 150'^  was  redistilled,  when  practically  the  whole 
boiled  between  135 — 138°  at  25  mm.  : 

0  1599  gaveO-2208  CO,  and  0  0777  H,0.    C-37-66;  H-5-39. 

0-1318    „    0  1756  AgBr.    Br  =  56  69. 

CgHj^Brg  requires  C  =  35'55;  H»61^  ;  Br  =  59  25  per  cent. 

The  analytical  figures  add  up  to  99*74,  showing  the  absence 
of  oxygen,  and  this  material  evidently  consisted  of  a  mixture  of 
bromodimethyltetrahydrobensene  and  dibromodimethylhezahydio- 
bensene,  as  the  context  shows.  Further  distillation  only  resulted  in 
the  evolnftion  of  hydrogen  bromide  and  produetion  of  the  monobromide 
of  lower  boiling  point. 

TnatmmU  qf  tfu  Mix«d  JSromidsa  witfi  Quifwline, 

Having  proved  that  the  low  and  high  boiling  bromides  gave  the 
same  substance  under  the  influence  of  quinoline,  the  whole  of  the 
material  was  treated  in  the  following  manner.  Forty  grams  of  the 
bromide  and  80  grams  of  freshly-distilled  quinoline  were  heated  in 
a  distillation  flask,  the  neck  of  which  was  eight  inches  long.  A 
reaction  set  in  at  167%  and  proceeded  quietly  at  175%  the  hydro- 
carbon distilling  over.  Finally,  the  thermometer  was  raissd  out  of 
the  liquid,  and  everything  allow  ed  to  distil  which  would  do  so  below 
a  temperature  of  20(P.  As  one  such  treatment  did  not  give  a  product 
free  from  halogen,  the  distillate  was  again  heated  with  its  own  weiglit 
of  qniooliue  in  the  long-necked  flask  for  one  and  a-half  hours  at 
a  temperature  just  suflBciently  high  to  keep  the  liquid  boiling,  but 
liot  to  allow  any  hydrocarbon  to  pass  over.  The  temperature  was 
then  raised,  the  hydroc.irbon  collected,  and  steam  distilled  from  dilute 
sulphuric  acid  to  remove  quinoline.  The  product  contained  the 
merest  trace  of  bromine,  which  was  ent  irely  removed  by  distillation 
in  air,  when  the  small  residue  boiling  above  160  was  found  to  contain 
the  bromine.  The  hydrocarbon  (73  grams  from  249  grams  of 
bromide)  was  then  fractionated  over  metallic  sodium,  using  a  Young's 
rod  and  duk still-head  (lu  disks) : 


l8t  Fractionation.  2nd  Fractionation. 
GramH.  Graiu.s. 
Ill— 118*                        1  1 

•  ii»-iir.'  48-5  r.0-8 

116—120  18-0  96 

fUsidae  9-6  60 
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The  poriioii  113^115^  was  twice  refraiotioiieted,  when  pteoticallj 
the  whole  distilled  between  IIP  and  nd<» : 

0-U25 gave 0*4635  CO,  and  01 162  Kfi.    C^8&'7l }  H«H-3». 
0,H„ requires 0-88*88;  H- 11*11  percent* 

Dimetlnjldihydrobenzem  (C  and  R)  in  a  clear,  colourless,  highly 
refractive  liquid,  boiling  at  111  2'^  at  749  mm.,  and  possessing  a  faint 
odour  (if  garlic,  yot  strongly  resembling  turpentine.  Wlion  dissolved 
in  alcohol  and  treated  with  coneentmtcd  Rulphuric  acid,  it  gives  a 
blood  rod  colour,  rapidly  turning  to  deep  plum  colour,  and  then 
slowly  changing  to  deep  violet  purple.  As  proved  by  the  context,  it 
is  a  mixture  of  1 : 1-dimethyI-A^'  ^  dihydrobenzene  and  1 :  l-dimethyl- 
A^  Mihydrobensene  in  almost  equal  amounts. 

The  boiling  point  of  the  fractions  of  the  hydrocarbon  distilling 
above  112°  was  found  to  be  lowered  by  each  further  distillation,  but 
the  hi^ier  fractions  were  too  small  to  investigate  completely.  Two 
of  these  were  analysed  and  their  bromine  abeorptions  determined : 


Carbon.  IlvJrogen. 


— *N  Bromine 

Found*         Cale.         Found.  Calc.  absorptiou. 

FimcUoii  118—121*    88*e»  88*88  11-23  1111  158*8 

„     125—180     88*44  88*88  11*48  11*11  156*5 


Thie  proYee  that  the  whole  material  had  the  oomporition  of  a 
dimethyldihydrobeniene,  and  the  presence  of  the  small  quantity  of 
this  higher  boiling  snbstance  may  be  due  to  poljmeriBatton. 

The  bromine  absorptions  were  done  before  it  had  been  noticed  tiiat  a 
further  amount  of  bromine  is  very  slowly  absorbed  by  the  hydro- 
carbon (see  page  650)>  and,  on  repeating  the  determination  with  a 
portion  of  the  hydrocarbon  boUing  at  120 — 180^,  the  first  end-point 
showed  a  molecular  absorption  of  159  and  the  second  end-point 
On  evaporating  the  chloroform  mother  liquor,  the  tetrabromide 
melting  at  102**  was  obtained  (see  p.  650).  The  following  physical 
data,  kindly  sent  to,  us  by  Dr.  F.  M.  Perkin,  refer  to  the  hydrocarbon 
boiling  at  111*2^,  and  were  determined  by  the  late  Sir  W.  H. 
Ferkio. 

Density  determinations : 

d  47i°«0*82374;  d  15715^-0-81470 ;  d  25^25" - 0-80737. 


Magnetic  rotation  : 


I.  8p.  Mt.  Mol.  n»t. 

15*7  1*4977  10*4505 
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Bof nctiye  valuB : 
d  ie-3''/4<'« 0*81291. 

Index  of  Snecitic  Holccular 

r^httUon         nfnctioii  nfrantion 

Use.        I.  vu  ^  CUcQUted. 

He         16*8  1-458518  0  55788  60-251  60*2 

Ha  16-3  1-465146  0  r.7219  61-796 

Hy         16-8  1-472601  0-58124  62  777 

Dupenion  Hy  -  H«  2  *526. 

The  fii-st  specimen  of  dimethyldihydrobenzene  (C  and  S)  oxaminod 
was  in  1902  ('rrans.,  81,  836),  but,  although  tlie  numbers  were  con- 
pidered  to  prove  definitely  that  the  substance  was  a  dimethyldihydro- 
benzene, the  subsequent  comparison  of  these  numbers  with  the  values 
obtained  in  the  case  of  dimethyltetrahydrobenzene  and  dimethylhexa- 
hydrobenxene  led  Sir  W.  H.  Perkin  to  expresR  the  opinion  that  the 
dimethyldihydrobenzene  contained  a  small  amount  of  home  impurity, 
which  is  now  admitted  (see  pag(>  636).  It  will  be  noticed  that  the 
numbers  for  pure  dimethyldihydrobenzene  (0  and  R)  given  aV>ove  do 
actually  difiPer  from  those  for  dimethyldibydrobeuzeDe  (C  and  S)  as 
seen  in  the  following  table : 

Mol.  It  fracf  iou 
Density  HoL  m-1 

15716<  rot  -IT^' 

CandS    0-8153  11-0240  60  217 

CandB   0*8147  104505  60  251 

As  regards  the  magnetic  rotation,  this  determination  completes  the 
investigation  of  a  series  of  compounds  commencing  with  d  i  methyl - 
hexahydrobenzene  and  ending  with  o-xylene,  and  the  changes  in 
physical  properties  following  the  loss  of  two,  four,  or  six  hydrogen 
atoms  can  be  followed. 

MoL  rot.  Uiliurouge. 
DimethyUidXBhydrobeiUBeite  (Tnas.,  1905,  87»  1491)   B'lSOv 

>  0-768 

Dimethyltetrabydrobexuene  {ibid.)   8*903^ 

Dim^thyldihydrobeiuene  (see  above)  ».   10*460^ 

>  2-896 

p-Xylene  (Trans.,  1896,  69,  1241)   13-345^ 

These  nnmben  may  be  compared  with  another  completed  8et»  namely, 
bexahjdrobenaene  to  benzene : 

Mol.  rot  Difference. 
Hexnbydfobenwne  (Tnms.,  1900,  77,  872)   6*664 

0-781 

Tctrahydrobcnzenc  (Trans.,  180S,  73,  942)   6-395< 

1*698 

Dihydrobeniene  (Tnos.,  1904,  85, 1417).   8*09] 

3-191 

Bensene  (Tnuka-*  1896,  60,  1841)   11*284^ 
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Fio.  1. 


It  is  vmy  interesting  to  note  that  when  these  figures  are  plotted  out 
ihey  form  almost  regular  curvei  practically  identical  in  form. 
The  dotted  line  shows  the  oourae  of  the  curve  if  the  number  for 

dimethyldibydrobenzene  (C  and  8) 
is  included,  in  which  esse  the  form 
of  the  enrve  differs  deeidedly  firam 
that  obtained  for  hezahydrohensene 
.  to  bensene. 

AoUan  NUrU  ileid— Three, 
grams  of  the  hydrocarbon  were 
added  drop  by  drop  to  a  mixture 
of  23  e.0.  of  f  nmtng  nitric  acid  and 
11  CO.  of  concentrated  sulpburie 
acid>  cooled  in  ioei  and  allowed  to 

8  l-^T=  1  ^fcz^i-s  1        stand  twenty-four  hours,  when  an 

oil  had  separated.  It  is  important 
that  the  addition  of  the  hydrocarbon 
to  the  nitrating  mixture  should  be 
made    very  gradually,  otherwise 
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oxidation  takes  place  very  violently 
with  production  of  tlanio.  The 
whole  was  then  heated  on  the  water- 
bath  for  one  hour,  poured  into 
water,  and  tlie  separated  oil  heated 
on  the  water-bath  for  twelve  hours 
CfiHg  with  30  c.c.  of  a  mixture  of  one 
volume  of  fuming  nitric  acid  and 
two  volumes  of  concentrated  sul- 
phuric acid.  On  .standing  twelve 
hours,  compact,  needle-shaped  crys- 
tals  had  separated,  these  were 
^  "  filtered  off  (filtrate  =  A),  washed 
with  water,  driod  on  a  porous  plate, 
and  purified  by  crystallisation  from 
ethyl  alcohol ; 

0*1007  gave  15*1  c.c.  moist  nitrogen  at  17^  and  752  mm.  K-il7'Sl. 

C^H^O.N,  requires  N«  17*48  per  cent. 

This  nitro-com}»ound  crystallised  from  ethyl  alcoliol  in  white, 
glistening  needles  melting  at  US'',  nor  was  this  melting  point 
altered  on  mixing  with  pure  trinitro-o-xylene  melting  at  115°  (Proc^ 
1908,  24,  58),  wuth  which  substance  it  is  identical.  The  amount 
obtaine<l  was  0-4  gram. 

The  filtrate  A  (see  abovo)  was  poured  into  water  and  albwed  Uk 
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stand,  wlien  one  gram  of  a  soliti  separated.    It  was  purified  by 
crystal lis^ition  from  alcohol  and  the  nitrogen  determined  : 

0*1439  gave  21-8  c.c.  moist  nitrogen  at  17''  and  748  mm.  N«17'30. 
OgHfp^Ni  requires  N  — 17*43  per  oent^ 

This  siibstanoo  crystallises  from  absohito  alcohol  in  small,  faintly 
yellow,  flattened  needles  melting  at  71^  and  is  identical  with  the 
trinitrc-o-xyleno  melting  at  71"  (Pror.,  loc.  cit.). 

The  nitration  was  then  repeated  under  the  conditions  described  by 
Harries  and  Antoni  (t^/  /.,  p.  Ill),  when  2  grams  of  the  hydro- 
carbon ^avG  0  6  gram  of  solid  which  consisted  of  a  mixture  of  the  two 
trinitro-o-xyleiies  melting  respectively  at  71°  and  115°. 

On  findinff  that  dimethyl(lihy<lrobon7,ene  (0  and  R)  readily  gave 
these  nitro-derivatives,  whereas  it  had  not  been  found  possible  to 
nitrate  dimethyldihydrobenzene  (C  and  S),  the  latter  waa  again  prepared 
and  treated  exactly  as  described  above.  After  heating  one  honr  and 
ponring  into  water,  2  grams  of  [the  hydrocarbon  gave  2*5  grams  of 
a  yellow  lemi-solid,  which  could  not  bo  brought  into  a  crystalline 
condition,  and  decomposed  with  evolution  of  nitrous  fumes  without 
praviously  melting.  After  treatment  with  the  second  nitrating 
mixture)  onlj  0*2  *gnun  of  a  similar  yellow  material  waa  obtainedi 
from  which  no  definite  chemical  individual  could  be  isolated. 

The  nitration 'of  dimethyldihydrobeniene  (0  and  S)  was  then 
attempted,  using  the  conditions  employed  by  Harries  and  Antoni,  but 
net  a  trace  of  trinitro-m-zylene  or  any  other  erystalline  substance 
ooold  be  obtained. 

A  nUroBihehloridt  was  prepared  as  previously  described  '(Trans., 
1902,  61,  835),  and  also  by  passing  nitrosyl  chloride  into  a  dry 
diloroform  solution  of  the  hydrocarbon  kept  below  - 10**  and  then 
pouring  into  four  times  the  volume  of  methyl  alcohol.  By  the  first 
method,  4  grams  of  the  hydrocarbon  gave  0*1  gram,  and  by  the 
second  method  0*2  gram  of  a  solid  crystallising  from  methyl  alcohol 
in  fine,  white,  silky  needles,  melting  at  121°.  As  the  melting  point 
is  also  a  decomposition  point,  it  varies  according  to  conditions.  On 
heating  &s  rapidly  as  possible  to  100^  and  then  using  a  very  small 
flame,  the  above  temperature  was  noted,  nor  was  this  melting  point 
altered  on  admixture  with  an  equal  bulk  of  the  nitroso-cblorido 
prepared  from  dimethyldihydrobenzene  (C  and  S)  (Trans.,  1902,  81, 
835).  It  is  interesting  to  note  the  yield  of  this  nitroso-chloride, 
namely,  0  2  gram  from  4  grams  of  dimethyldihydrobenzene  (C  and  R). 

This  latter  hydrocarbon  contains  approximately  50  per  cent,  of 
1  : 1-dimethyl-A'  *-dihydrobenzene  and  1  : 1 -dimethyl- A* ' '  dihydro- 
l>enzene,  and  therefore  in  reality  2  i^rams  of  dimethyldihydroben:^ene 
(C  and  R)  give  0'2  gram  of  the  nitroso-chloride,  or  exactly  the  same 
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yield  as  when  prepared  from  dunethyldihydrobenseiie  (C  and  S) 
namely,  0*5  gram  from  5  grams  of  tlie  hydrocarbon. 

Although  very  careful  search  was  made,  no  evidence  could  be 
obtained  of  the  production  of  a  nitroso^hloride  from  the  isomeric  1:1- 
dimethyl- A'  -  Mibydrobenaene. 

AcUon  Fuming  Bydrobr&mie  AM — ^Fifteen  grams  of  the  hydro- 
carbon were  treated  with  hydrobromic  acid  exactly  as  previonsly 
described  (Trans.,  1902,  81,  833).  The  residue  was  distilled  at  23  mm., 
when  15*5  grains  were  obtained  boiling  at  90 — 130°,  and  13*5  grams 
•  at  130 — 132^.  After  repeated  fractionation  of  the  poHion  boiling 
at  90—130'',  10  grains  passed  over  constantly  at  82—83"  at  20  mm., 
and  gave  on  analysis  a  number  for  bromine  agreeing  with  the 
adJilioii  of  one  nioU'cule  ot  hydrogen  hromide  to  the  hydrocarbon. 
This  Ijoiling  point  is  the  same  as  that  of  the  hydrobromide  of  dimethyl- 
dihydiobenzcne  (C  and  S)  (Trans.,  1002,  81,  83o),  namely,  90  5^  at 
36  mm.  (not  16  mm.  as  stated),  and  identity  was  further  proved  by 
oxidation,  when  there  were  produced  as-diracthylsiiccinic  acid,  small 
quantities  of  ^^-dimethylglutaric  acid,  and  the  lactone  of  a-hydroxy- 
/3)S-diraethylglutaric  acid.  Ttie  process  of  oxidation  was  that  previously 
described  (Trans.,  1903,  83,  118). 

Tn  order  to  make  certain  that  the  hydrobromido  boiling  at  82 — 83" 
at  20  nim.  would  not  combine  with  more  hydrogen  bromiflo,  it  was 
again  treated  with  fuming  hydrobromic  acid  and  allowcil  to  stand 
forty-eight  hours.  The  boiling  point  of  the  resulting  liquid  was  un- 
changed, and  a  bromine  determination  gave  the  same  value  as  after 
the  first  treatment  with  hydrobron  ic  acid. 

The  fraction  130 — 132^  on  redistillation  boiled  quite  constantly  at 
Id?"*  at  25  mm. : 

0-1869  gave  0*2628  AgBr.  Br-69*83. 

Cgllj^Brg  requires  Br «  69*26  per  cent. 

The  di/iydrohromide  of  1 :  l-dimethyl-A*  '^-dihydrobenzene,  in  which 
the  position  of  the  bromine  atoms  is  doubtful,  is  a  faintly  yellow, 
highly  refractive  liquid,  turning  pale  violet  on  standing,  and  possessing 
an  odour  of  turpentine. 

Action  qf  Bromine.— The  sketch  on  page  649  is  of  an  apparatus 
which  has  been  found  to  give  very  good  results  in  the  determination 
of  the  bromine  ab.^iorption  of  unsaturated  substances. 

Into  the  flask  A  is  placed  about  30  cc.  of  dry  chloroform  and  an 
accurately  weighed  quantity  (I — 1*5  grams)  of  the  substance  to  bQ 
tested,  and  the  flask  stoppered  securely  with  an  ordinary  cork.  The 
dropping  funnel,  (7,  is  then  attached  to  i?  by  the  ground-glass  Joint, 
eg,  and  into  C  is  weighed  about  25 — 30  grams  of  dry  chloroform  and 
3 — 4  grams  of  dry  bromine.   C  is  then  attached  to  ^  by  the  ground- 
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glass  joint  dJ),  and,  when  the  absorption  is  complete,  is  again  placed 
in  B  and  re-weighed.  Any  chloroform  solution  of  bromine  remaining 
in  the  stem  of  the  funnel  is  prevented  from  escaping.  "Without  the  use 
of  an  apparatus  with  ground-glass  joints,  it  is  impossible  to  obtain 
accurate  determinations,  but  the  apparatus  has  Imoq  found  to  givo 
reliable  and  concordant  results. 

A  solution  of  dimethyldihydrobeDzene  (C  and  Br)  in  chloroform 
rapidly  decolorised  a  solution  of  bromine  in  the  same  solvent,  and 


Fio.  2. 


a  sharp  end>point  was  noted  when  one  molecule  of  bromine  had  been 
absorbed; 

1*0747  absorbed  1*6066  Br.   Moleeular  absorption  - 161*4. 
^8^12  veqnures  160  for  Br,  and  320  for  Br^. 

This  behaviour  of  the  hydrocarbon  was  not  ea^  to  reoomdle  with  the 
action  of  hydrogen  bromide  in  gUoial  aoetie  acid  solution,  where 
roughly  one-half  of  the  dimeihyldihydrobeiiaette  absorbed  two  mole- 
cules of  hydrogen  bromide.  It  was  therefore  decided,  having  proved 
that  bromine  does  not  act  on  glacial  acetic  acid  suf&ciently  rapidly  to 
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interfere  with  tho  reaction,  to  carry  out  the  absorption  in  glacial 
acetic  acid  solution.  Under  these  conditions,  the  bromine  was  readily 
absorbed,  and  a  pale  violet  colour  produced,  which  remained  up  to 
a  point  where  tho  Holution  suddenly  acquired  a  yellow  tint,  but 
this  point  is  not  as  sharp  as  when  chloroform  is  used  as  solvent : 

1-4886  absorbed  2*3334  Br.  Molecular  abeorpiioii  - 176  (theory  » 160). 

On  oontinaiDg  the  addition  of  bromine,  it  was  absorbed  slowly 
witbont  the  evolotion  of  the  slightest  traoe  of  hydrogen  bromide,  and 
a  second  end-point  noted  when  the  bromine  was  no  longer  nssd  up,  the 
process  occupying  about  thirty  minntes : 

1*4385  absorbed  3  3346  Br.    Molecular  absorption  =  250  (Br^^  320). 

As  soon  as  this  second  end-point  was  reached,  solid  commenced  to 
separate,  and,  on  standing  for  a  short  time,  2*1  grams  were  obtained, 
which  were  purified  by  erystallisation  from  light  petroleun,  snd  the 
bromine  determined : 

0*1095  gave  0-1928  AgBf.  Br-74-92. 

CgHjoBr^  requires  Br  =  74*76  percent. 

2:3:5:  Q-Teirctbromo-l  :  X-dimethylhexahydrohenzme^ 

is  very  soluble  in  tho  cold  in  chloroform  or  benzene,  and  crystal- 
lises from  acetone,  ethyl  acetate,  alcohol,  acetic  acid,  or  light 
petroleum  (b.  p.  40 — 60°),  the  crystals  melting  without  decomposition 
at  102°. 

The  authors  take  this  oppoi-tunity  of  thanking  Prof.  W.  J.  Pope  for 
the  following  description  of  the  crystals. 

The  Hubstance  crystallises  in  square,  transparent,  colourless  plates, 
possessing  a  calcite-like  lustre,  and  belonging  to  the  orthorhombic 
system  ;  the  forms  present  are  6{010},  c{001},  and  /){110}.  Measure- 
ments made  on  two  good  crystals  show  tho  prism  angle  to  be  approxi- 
mately 110  : 110=  127°0',  whence  the  axiul  ratio  a:  6  =  2006:1  is 
calculated.  The  crystals  are  soft,  and  show  a  perfect  cleavage  parallel 
to  6(010} ;  the  acute  bisectrix  is  the  axi8-6,  and  the  optic  plane  is  ejOOl}. 
The  optical  axial  angle  is  large,  and  the  doable  refraction  is  negatiye 
in  sign. 

The  absorption  was  then  repeated  in  chloroform  solution,  when 
again  a  very  sharp  end-point  was  observed,  the  solution  becoming 
yellow : 

1  '0641  absorbed  1*6762  Br.   Molecular  absorption  - 160. 

On  further  addition  of  bromine^  the  latter  was  absorbed  wit|iont 
evolution  of  the  slightest  trace  of  hydrogen  bromide^  but  so  slowly 
that  the  process  could  only  be  followed  by  comparing  the  colour  of 
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the  solution  with  that  of  a  solution  of  potassium  dichromate.    At  the 
end  of  two  and  a-half  hours,  the  reaction  was  complete : 

1*0641  absorbed  2-3213  Br.   Molecular  absorption = 285*6. 

This  result  obviously  means  that  dimethyldihydrobenzene  (CandB.) 
consists  of  two  isomerides  approximately  in  equal  amounts,  the 
A^'*- variety  absorbing  but  2  atoms  of  bromine,  whereas  the 
A*  • ''-modification  absorbs  4  atoms  of  bromine.  Ko  solid  separated 
from  the  chloroform  solution,  but  on  evaporation  of  the  solvent,  duriog 
which  process  no  hydrogen  bromide  was  evolved,  the  residue  partly 
solidified  and  gave  1*6  grams  of  tetrabromodimetbylhejcahydrobenzene^ 
melting  at  102°. 

An  attempt  was  inade  to  isolate  the  dibromide  from  tlie  oil  out  of 
which  the  tetrahromo  compound  had  separated,  by  preparing  a  much 
larger  quantity  of  material  and  distilling  under  reduced  pressure.  The 
liquid  boiled  for  the  most  part  at  132 — 133°  at  22  mm.,  the  approxi- 
mate boiling  point  of  a  dibromide,  but,  although  it  passed  over  as  a  pale 
yellow  oil,  it  rapidly  darkened  and  gave  off  hydrogen  bromide,  and  on 
exposure  to  air  decomposed  so  quickly  that  it  was  quite  impossible 
to  carry  out  an  analysis.  TheM  properties  agree  with  tho^e  of  the 
dibromide  of  dimethyldihydrobenme  (0  and  S)  previously  described 
(Trans.,  1902»  81,  833). 

Omidaiion  wUh  Foiassium  Permanganate. — Ten  grams  of  the  hydro- 
carbon were  suspended  in  300  ce.  of  water,  kept  cool  in  ice,  stirred 
with  a  turbine,  and  a  cold  4  per  cent,  solution  of  potassium  perman- 
ganate gradually  added.  Alter  700  c.c.  of  the  oxidising  agent  had 
been  nsed,  the  reaction  ,took  place  so  slowly  that  it  was  allowed  to 
proceed  at  atmospheric  temperatore,  and  was  completed  when  45  granu 
of  permanganate  had  been  deeolorifled.  After  working  np  in  the 
usnal  way,  6  grams  of  an  oily  residue^  smelling  of  fatty  acids,  were 
obtained,  which  gradnaUy  solidified,  and,  after  spreading  on  porous 
phite  (P),  yielded  2*5  grams  of  solid.  Believing  this  to  be  os^limethyl- 
sucdnic  acid  (compare  Thtns.,  1902, 81, 836),  it  was  heated  with  acetyl 
chloride  for  two  hows,  the  solvent  evaporated,  daring  which  procese 
•  0*1  gram  of  erystale  separated,  melting  at  180 — 185S  and  crystaUiMng 
from  water  in  the  characteristic  slabe  of  crystals  of  dimethylmalonic 
acid  melting  at  190^  with  evdation  of  gas  and  the  unmistakable  odour 
of  wobutyric  acid. 

The  liquid  residue  from  the  crystals  was  distilled,  when  at  45  mm. 
all  but  a  small  amount  passed  over  below  140^.  This  was  proved  to 
consist  of  the  anhydride  of  os^dimethylsucoinic  acid,  by  boiling  with 
water  and  saturating  the  solution  with  hydrogen  chloride.  Needle- 
shaped  crystals  separated,  melting  at  140 — 141°,  nor  was  this  melting 
point  altei-ed  on  admixture  with  pure  cw-dimethylsuccinic  acid. 

X  X  2 
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The  residue  of  the  above  flistilhition  (0"5  gram)  solidified,  and,  after 
crystallisation  from  water,  molted  at  189 — 190^  with  evolution  of  gSLS, 
and  consiistod  therefore  of  dimethylmalonic  acid. 

On  extracting  the  porous  plate  (/')  with  ether,  2-5  grams  of  an  oil 
were  obtained  which  showed  no  signs  of  solidification  on  standing. 
It  was  thei«£ore  further  oxidised  with  potassium  permanganate  hy 
heating  on  the  water-bath,  when  1  gram  of  Of-dimethylsucoiiiie  add 
was  isolated  from  the  product. 

Dimethyldihydrobenzene  (0  and  S)  was  prepared  and  once  more 
oxidised  under  exactly  the  above  conditions,  witbouti  however,  the 
isolation  of  a  trace  of  dimethylmalonic  acid  ;  G  grams  of  the  hydro- 
carbon gave  1*5  grams  of  dimethylsuocinio  acid  after  oxidation  in  the 
cold,  and  a  further  0*8  gram  after  the  second  oxidation. 

Research  Laboratory,  Puarmaceutigal  Sociktt, 
17,  Bloohsbitrt  Sqvabi,  W.O. 


LIX. — The  Affinity  Constants  of  Bases  as  Determined 

by  the  Aid  of  Methyl-orange, 

By  ViCTOH  liEKBERT  VeLEY. 

DuBiKG  the  past  thirty  years,  various  methods  have  been  adopted  for 
the  purpose  of  assigning  definite  values  for, the  affinity  constants  of 
nitrogenous  bases.  Such  methods  have  consisted  in  determining' 
(i)  the  heats  of  neutralisation  with  hydrochloric  acid  (Berthelot, 
Thomsen,  Luginin,  and  others),  (ii)  Uie  electric  conductivity  factors  of 
the  hydrochlorides  with  or  without  excess  of  either  add  or  base*' 
(Walker,  Bredig,  Winkelblech  and  Lunden,  and  others),  (iii)  the 
catalysis  of  methyl  acetate  by  the  hydrochloric  acid  liberated  by 
hydrolysis  (Walker  and  others),  (iv)  the  inversion  of  sucrose  similarly 
(Walker),  (v)  a  coefficient  of  extraction  method  (Wood  and  others), 
(vi)  a  coefficient  of  extinction  method  (Lellmann,  associated  with 
others),  as  also  various  methods  of  less  importance  and  accuracy.  A 
few  words  regarding  such  methods  will  suffice  for  the  purpose  of 
argument.  As  to  (i),  I  have  elsewhere  pointed  out  the  importance  of 
correlating  hydrolysis  and  thermoneutrality  values,  and  of  calculating 
out  the  latter  in  terms  of  the  former  by  the  equation  proposed  by 

*  The  htcratureof  the  subject  has  been  fully  collated  by  JMudci\{Zeihrh.  phi/sikal. 
Chnn.,  1906,  54,  561  etseq.),  so  it  is  thought  necessary  to  give  references  only  in 
special  cases. 
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Nernst  (Zniiek,  JSUktroektm.,  1906,  12,  reoommendatioiiB  of  the 
Units  Oommiasaon  of  the  Beatsehe  Bonaen  GeBoHschaft) : 

-iiT^.^y  (1). 

Methods  (ii)  to  (v)  will  be  frequently  alluded  to  in  the  sequel. 

As  to  method  (vi),  which  was  based  on  the  subdivision  of  hydro- 
chloric acid  between  dinietliylaii)iiioazobenzene  and  the  several  bases, 
applying  Guldber^r  an<l  Waage's  equilibrium  formula,  it  was  pointed  out 
(Arrheuiiis,  Zeitscli.  jJnjaikdl.  C/iem.f  1892,  10,  671)  that  the  chemical 
system  was  by  no  means  so  bimple  as  Lellmann  represented,  as  apart 
from  the  hydrochlorides  themselves,  there  were  also  present  the  free 
bases  and  free  hydrochloric  acid  (or  ions  thereof)  liberated  by  the 
process  of  liydrolysis.  Further,  the  values  given  by  Jjelimann  are 
completely  at  variance  with  those  obtained  by  other  observers  and 
myself.  It  might  almost  appear  superfluous  with  the  great  array  of 
methods  to  put  forward  another,  possibly  less  accurate  than  others 
previously  adopted,  and  it  is  therefore  incumbent  upon  the  author 
to  point  out  any  adyantages  which  it  might  possess.  These  seem  to  be 
as  follows  :  (i)  no  expensive  apparatus  is  required  ;  (ii)  several  series  of 
determiuations  can  be  made  in  a  few  minutes  with  the  consumption  of 
a  very  small  amount  of  material,  generally  0'3  to  0*8  gram;  (iii)  hydrolysis 
values  can  be  obtained  at  dilations  far  greater  than  by  the  electric  con- 
ductivity method,  which  is  not  very  trustworthy  for  dilations  greater 
than  FbIxIO*  (F=»litre8/gram-eqaivalents)  or  thereaboutSf  even 
with  Bpedally  wound  bobbins,  the  introduction  of  condensers  in  the 
arms  of  the  bridge,  and  very  spedal  precautions  as  to  parity  of  water, 
and  far  greater  than  hj  chemical  methods,  which  in  concentrated 
flolntions  30  or  thereabouts  require  an  inordinate  length  of  time ; 
(iv)  hydrolysis  values  of  the  hydrochlorides  of  bases,  the  basic  constant 
of  which  is  greater  than  K^^lx  10~^  can  be  determined,  if  not 
aoeorately  at  least  within  a  fair  approxinnation. 

In  my  previous  communication  (Trans.,  1907,  91, 164),  it  was  shown 
ihat^  if  successive  quantities  of  0*1  ae.  of  hydroehlorie  aeid  solutions, 
'r»200  to  F»  400,  are  added  to  a  dilate  solution  of  methyl-orange. 
Fa  4  X 10*,  the  change  in  tint  can  be  measured  within  limits  (and 
certain  vUoes  obtained)  by  a  variable  oolamn  of  the  same  metiiyl- 
orange  solution  by  means  of  a  tintometer.  If  solutions  of  hydrochlorides 
-  of  bases  axe  substituted  for  hydrochloric  acid  and  the  process  repeated 
similarly,  other  series  of  values  are  obtained,  and  the  ratio  of  the  latter 
to  the  former  is  a  measure  of  the  hydrochloric  add  libmted  by  hydro- 
lysis, and  so  of  the  hydrolysis  value  itself,  as  we  have 

C(8ait)/C(HC1)  +  0(\3&se)  =  Constant  (2). 

It  will  be  admitted  that  this  method  is  open  to  the  criticism  that  the 
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introduction  of  the  methyl -orange  as  a  fourth  substance  may  tend  to  upfset 
the  equilibrium  of  the  system  HGl(di88)  +  ba8e(di8(,)  ^  f^ii-bidma),  iu  that 
the  liberated  hydrochloric  acid  may  combine  with  the  uzo-grouping  of 
the  methyl-orange,  and  that  the  final  system  containing  the  reddened 
methyl-orange  (whatever  its  nature,  or  constitutions  of  its  ions)  is  not 
identical  with  the  initial  system.  But,  on  tlio  one  hand,  such  a 
criticism,  although  not  previously  advanced,  applies  equally  to  the 
catalysis  of  methyl  acetate  and  inversion  of  sucrose  methods,  in  both  of 
which  the  final  differs  from  the  initial  system,  and,  on  the  other, 
as  will  be  shown  in  the  sequel,  the  methyl-orange  method  gives  results 
identical  within  the  limits  of  experimental  errors  with  the  electric 
conductivitj  method  against  which  no  such  objection  can  be  raised. 

EXPBHIMBMTAL. 

As  regards  the  tintometer,  several  minor  improvements  have  been 
introduced  with  the  view  of  cutting  off  extraneous  light,  whether  direct 
or  reflected.  Some  years'  experience  have  shown  that  if  daylight  is 
used  as  the  illuminant,  the  best  conditions  for  working  are  at 
a  window  facing  north,  and  on  days  of  neither  too  brilliant  sunabin^ 
nor  too  cloudy  ;  the  worst  condition,  other  than  the  impossible  one  of 
fog,  is  a  combination  of  the  two,  namely  a  bright  sun  with  heavy  rain- 
cloods  io  another  part  of  the  sky. 

There  is,  of  couraOi  always  the  subjective  difficulty  of  the  state  of 
health,  and  other  <  persons  repeating  the  experiments  might  obtain 
more  or  less  accurate  results  according  to  the  appreciation  of  tints 
between  red  and  yellow-  which  may  be  considered  to  be  within  the 
spectrum  limits  of  the  lines  Ha  and  D ;  and  other  persons  would 
probably  also  obtain  d^tmU  values,  but  the  some  ratios,  the  latter 
being  the  really  significant  figures  (compare  Sidgwick  and  Moore, 
Zntaeh.phtf9ihid.  Ch^m.,  1907,  68»  389). 

JSffect  of  Impurities. 

Sffwi  of  ImpwrUiu  tn  WaUr, — ^The  presence  of  carbon  dioxide 
produced  a  slight  alteration  in  colour  in  the  diluted  methyl-orange, 
and  it  was  also  noticed  that  such  solution  became  aliglitly  more 
orange  when  kept  in  loosely  stoppered  flasks,  or  when  poured 
backwards  and  forwards  to  the  tintometer  cylinders,  from  absorption 
of  oarbon  dioxide  from  the  air.*  But  as  the  same  solution  was 
placed  in  both  the  cylinders,  the  presence  of  such  carbon  dioxido 
derived  from  the  water  or  absorbed  from  the  air  was  proved  to  be 

*  The  coloration  of  metbyl-or«nge  by  carbonic  acid  wu  fint  obMmd  by  Kaster 
{ZtUmh,  aiwfy.  Ohtm,,  1897, 18^  186). 
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immiiteiial.  The  presence  of  free  ammouia  in  water  distilled  from  a 
t^wn  supply,  even  if  it  occurred,  would  only  involve  a  correction  lesa 
than  the  expei  iniental  error ;  the  presence  of  albuminoses  (so-called 
albuminoid  ammonia)  and  the  difficulty  of  removing  the  last  traces  of 
them  has  been  alluded  to  in  previous  communications.  Finally,  the 
presence  of  greasy  matters,*  of  whatever  nature  and  however  derived, 
produced  an  effect  on  the  observations  which  can  best  be  described 
as  inhibitory  or  poisonous.  It  was  found  that  water  distilled  from  a 
town  supply  to  which  were  added  10  c.c.  of  a  concentrated  solution  of 
potassium  permanganate  and  20  c.c.  of  iV720  sulphuric  acid  was  of  a 
sufficient  degree  of  purity  for  the  purpose  of  this  investigation. 

Effect  of  Glass. — The  same  measuring  vessels,  flasks  and  pipettes, 
were  always  used  for  the  same  purpose,  b  ut  the  glass  of  the  tinto- 
meter cylinder  was  affected  by  the  kind  of  solution  used.  Thus,  if 
experiments  were  conducted  with  a  solutiou  but  slightly  hydrolysed 
following  upon  another  solutiou  hydrolysed  to  a  considerable 
degree,  too  high  results  were  at  first  obtained  and  vice  versa,  a 
result  in  accordance  with  former  experience  in  density  determina- 
tions. The  commonly  suggested  remedy  of  cleanslDg  with  hydro- 
chloric acid  and  then  steaming  out  is  clearly  inadmissible  in  this 
case,  and  the  better  alternatives  were  adopted  of  either  having  the 
tubes  filled  with  the  methyl-orange  aoltttion  between  each  set  of 
eq^erimenta  or,  preferably,  of  working  with  similar  solutions  in 
Sttcoestion  and  rejecting  the  first  or  even  second  set  of  observations 
whenever  a  change  becomes  necessary, 

It  was  shown  in  my  previous  paper  that  if  F  is  the  concentration  of 
the  hydrochloric  solution  when  added  to  the  methyl-orange  solution  at 
the  time  of  the  first  observation,  namely,  F(Qei)  x  10  x  20|  and  X  the 
nomber  of  units  of  0^1  ac.  added  (VjX  being  the  conseqnent  dilation) 
and  y  the  height  of  the  variable  tintometer  oolamn,  then 

t 

y^hX-h  (S), 

wherein  k  is  the  important  factor  correlating  y  and  x. 

It  was  further  pointed  out  that  the  factor  b  arises  from  some 
initial  period,  caused  either  by  the  so-called  chemical  inertia,  or  more 
probably  by  albuminoses  retained  in  the  water  or  impurities  on  the 

*  ThflM  have  been  mioosly  attribnted  to  lubiicatlug  agents  in  stills  (Ostwild)  or 
to  sabstanoes  eztnMited  from  robber  eorka  or  tnbing  (Mauley),  bat  I  ece  no  veseon 

for  altering  my  view  that  a  main  cause  is  the  slime  of  certain  bacteria,  the  con- 
etituents  of  which  may  TolatUiee  with  the  ateam,  although  the  baoteria  themaelvee 
may  have  long  disappearetl. 

t  It  is  uufortanate  that  the  symbol  x,  appUed  to  the  absciBSffi  of  the  Cartesian 
ifstam  of  oo-ordinatee,  ehoald  aleo  have  been  applied  to  the  portion  of  a  lalt 
hjdiolyied;  to  avoid  oonflvioa,  tho  oapitalletler  hat  been  adopted  for  the  foimer. 
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Boifaoe  of  the  gUsm,  Snbeeqiieiit  experienoe  showed  thai  the  greater 
the  cave  taken  to  eliminate  wuh.  impuritieB  the  leas  such  an  initial 
period  and  the  more  (  beoomes  a  ▼aniehing  quantity.  Henoe  the  one 
or  two  irregular  obeervations  obtained  at  the  outaet  have  been 
nsgleoted  as  ineonsequenti  and  the  starting  point  of  the  reaction  or, 
geometrically,  the  origin  of  co-ordioates  is  taken  to  be  that  at  which 


the  reaction  confirms  to  the  equation : 

y»^Jr  3{bi8), 

If  the  hydrochloride  of  a  base  be  sabs^tuted  for  the  acid  itself,  then 

y'  =  k'X  (4). 

Dividiog  equation  (4)  by  (3)  as  ^  is  identical,  we  have 

y'/y-jfe'/ife-Hydrolyius  (5), 


or,  in  other  words,  successive  increments  of  chemical  change  are 
measured  in  terni!^  of  successive  increments  of  lengths,  which  would  be 
an  ideal  state  of  aiTairs  if  the  human  eye  were  an  optical  instrument 
of  precision  and  daylight  a  perfect  illuminant. 

The  experiments  with  the  hydrochloric  acid  solutions  F=8xl0*, 
6  X  10^,  and  4x10*  have  been  repeated  several  times  under  various 
conditions ;  the  values  of  k  obtained  for  the  two  former  have  been 
multiplied  up  in  terms  of  the  last ;  the  mean  value  of  all  calculated 
out  by  the  method  of  least  squares,  using  Besael's  function,  works  out 
at     3*2  ±  0'13,  and  on  reduction  the  values  are  as  nnder : 

V    8xl0<  6x10*  4x10* 

k   1-6  2*4  a-2 

These  are  used  in  the  sequel  as  standard  factors. 

But  in  the  case  of  bases  the  hydrochlorides  of  which  are  but  little  hydro- 
lysed,  solutions  of  greater  concentration  as  regards  the  hydrochloric 
acid,  free  or  combined,  were  required  in  order  to  obtain  determinations  ;  • 
in  such  cases,  the  alx>ve  factors  were  multiplied  up  proportional  to  such 
concentration.  It  is,  of  course,  true  that  hydrolysis  values  and  basic 
constants  thus  obtained  are  only  indirectbj  deduced,  and  not  dirtctly 
determined  ;  an  objection  may  also  be  raised  that  the  ion-concentra- 
tions of  the  methyl-orange  and  of  the  salt  are  unequal.  Such  an 
objection  is  valid,  but  if  this  necesssary  condition  were  fulfilled  no 
determinations  would  be  possible  as  the  intensity  of  colour  of  the 
methyl<orange  would  be  too  great  to  observe  slight  variations  of 
tint. 

But,  however  this  may  be^  it  will  be  shown  in  the  sequel  that  such 
values  are  in  accordanoe  with  those  obtained  by  the  conductivity 
method,  so  that  such  approximations  may  be  regarded  as  fairly 
satisfactory.   But,  in  such  cases,  it  was  found  that  only  a  few  obeerva- 
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taons  were  poflsible,  since  some  oondition  of  eqnilibriniii  setting  in^ 
fnrtber  additions  of  the  solutions  of  the  hydrochlorides  produced  no 
further  alteration  of  tint. 

Tlie  Mis  and  Solutions  Used, 

Meet  of  the  salts  were  purchased  from  reliable  firms,  and»  if 
necessary,  were  purified  by  one  or  more  recrystallisations,  generally 
from  water;  other  samples,  of  a  great  degree  of  purity,  were  presented 
by  numerous  friends,  to  whom  collectively  I  have  here  to  tender  my 
thanks,  but  they  will  be  alluded  to  individually  in  the  course  of  the 
text.  I  have  also  to  express  my  obligations  to  the  Besearch  Fund 
Committee  of  the  OhemiMl  Society  for  a  grant  towards  the  purchase  - 
of  the  more  expeneive  materials. 

Solutions  were  made  up  so  as  to  contain,  unless  otherwise  stated, 
the  molecular  weight  of  hydrochloric  acid,  or  1  gram  hydrogen  ion,  in 
F«=20  (iV/20  solutions)  ;  these  were  allowed  to  stand  for  a  few  hours, 
and  then  diluted  to  K=200,  A:c,  Such  diluted  solutions  were  allowed 
to  stand  overnight  (eighteen  hours  or  thereabouts),  as  experience 
showed  that  in  many  eases  this  time  was  required  before  the  final 
equilibrium  of  the  system  water-salt-acid-base  was  reached. 

The  observations  and  calculations  for  one  set  of  experiments  only 
are  set  out  as  exphmaiory  of  the  above  text,  the  case  of  o-toluidine 
hydrochloride  being  selected.  Tho  number  of  successive  portions  A'  of 
O'l  c.c.  of  the  hydrochloride  are  given  in  column  1 ;  in  II,  the  actual 
tintometer  scale-readings  in  cm.  ;  in  III,  tho  values  of  y'  thus  observed  ; 
in  IV,  the  calculated  values  of  y',  A'=0-65,  and  in  V  the  values  of  y, 
corrected,  of  hydrochloric  acid  of  same  original  concenti-ation  as  to 
hydrogen  ions : 

o-Toluidm$  Hydroehlond€f  r«-8  x  Temperature 


I. 

II. 

lU. 

IV. 

V. 

8-0 

1 

8-7 

07 

0  65 

1-6 

2 

9-2 

1-2 

1-3 

8*2 

8 

9*9 

1-9 

1-95 

4*8 

4 

10*6 

2*6 

2-8 

6*4 

6 

11-2 

3-2 

3-25 

8*0 

6 

UR 

8-8 

3  9 

9*6 

7 

12-6 

4-6 

4*55 

11*2 

8 

18-2 

6  2 

6-2 

12*8 

If  any  number  in  column  IV  is  divided  by  the  corresponding' 
number  in  the  same  horiaontal  line  in  column  Y ,  that  is,  yly'  or  kjk'  -> 
0*406,  or,  in  other  words,  at  the  dilution  given  ahove»  40*6  per  cent,  of 
the  o-toluidine  hydrochloride  is  hydrolysed  into  the  free  base  and 

uiyui^cj  uy  Google 


658 


VELEY  :  THE  AFFINIT7  CONSTANTS  OF  BASES  AS 


bydrocblorie  aoid.  The  graphs  for  the  salt  and  aeid  are  given  in  the 
figure. 

In  the  sequel,  only  the  numbers  corresponding  with  oolmnn  III  will 
be  given,  namely,  the  values  of  jf  and  also  ib',  the  numbers  of  oolumns 
I,  II,  and  y  being  taken  to  be  understood,  whilst  those  of  IV  ean  be 
readily  calculated  without  repetition  of  figures,  often  identical. 

Fio.  1. 


] 

1 

1 



n 

2  8 


8 


Onlinates  iLptfsenl  the  lieights  in  centimetres  of  the  variable 
methyl-orange  column,  abscissas  unit  volumes  added. 
I.  ffffdroehUnie  tKieU       IL  o-ToluUiinc  hydroeMoridi, 


DetmMnaiion  of  Affinity  Comtanti, 

From  the  hydrolysis  values,  the  affinity  constants  of  the  bases  can 
be  calculated  by  Arrhenins*  formula 


(«). 


in  wliich  kf,  ia  the  ailinity  constant  of  the  base,  ktg  the  product  of 
concentration  of  ions  of  water,  T  dilution  in  litres/gram-equivalente. 
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X  the  proportion  per  equivalent  of  ealt  hydrolysed,  and  \  -  x  the 
proportion  not  bO  hydrolysed.  The  values  of  kw  within  the  range 
of  temperature  used  are  taken  from  the  tables  of  Kohirausch  and 
Heydweiler  {Ann.  Fhya.  C/iem.,  1894,  [iii],  53,  214) : 

Temp.    10'  W  25' 

*,    0-81   10-"  0-49  10-"  1-11  10-" 

those  for  intermediate  tempenturee  being  taken  out  by  graphical 
interpolatioii,  which  is  probably  enffidently  aoourate  for  the  present 
purpose.  Thus,  to  take  the  example  of  o-toloidine  hydrodiloride 
giveii  above,  sinoe  the  same  value,  0-406,  was  obtained  with  a  solution 
r»l  X 10*  as  with  F»8  x  10^,  a  point  which  will  be  oonsidered  later, 
we  have,  taking  ku,  at  12°,  the  temperature  of  observation  =>  0  37  10~^^ : 

h    =    134  10  i0atl2^ 


0-37  10- M  (0'406) 

The  values  of  kb  calculated  from  liredig's  determinations  (electric 
conductivity  method, ^e?<«c/<.  physikal.Chem.,  1894,  13,322),  =3*2  lO"** 
at  25°,  and  from  Walker's  determinations  (inversion  of  sucrose  method, 
Trans.,  1895,  67,  f)76),  =10-9  lO'^o  at  GO'^,  are  of  a  similar  order; 
the  values  for  a  mean  straight  line  being  (11,  3*6,  and  10'7)10~^^ 
respectively. 

Bases  not  containing  an  Alkyl  Grov ping, 

Uydrooeylamine  Ilydroehlinid^, — Solutions  of  two  concentrations 
were  examined,  in  both  casee  all  reaction  soon  coming  to  an  end ;  the 
tesnlts  were  as  follows  (temperature  15°) : 

r=2xio*.  r=ixio*. 

0*5  1-2 
0-9  24 
0*9  8-3 

Values  of  ifc-»0'5  and  1*1 5»  corrected  0*53  and  1*07;  hydro- 
lysis valne-8*i  per  cent,  it»«6  5  10~*  at  15,  F-lxlO*. 
WinkelUech  {£mU^.  pliy&ikd.  Chem.,  1901,  36,  574)  found  a  hydro- 
lysis value  2*5  per  cent,  at  K"1024t  temperature « 25^,  which  gives 
ki,^7'35  10 These  numbers  are  fairly  concordant,  especially  as 
Winkelblech  admitted  that  hydrozylamine  was  too  strong  a  base  to 
give  satisfactory  hydrolysis  values  by  the  electric  conductivity 
method. 

Hydrazine  Hydrochloride, — Three  series  of  experiments  were  con- 
ducted with  concentrations  V=  4x10*  and  8  x  lO"*  ;  in  the  two  of  them 
(series  I  and  II),  the  original  r=20  solution  was  diluted  directly  to 
r=2and  4  10*;  in  the  third  (series  III),  the  original  solution  was 
heated^for  three  hours  at  a  temperature  of  60^  in  a  thermostat  and 
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then  dilated  to  Fa  2x10*.  The  following  resalto  were  oVtoined 
(temperature  15^) : 


Series  I. 

0*6 
1*2 
1-8 
2*4 


Series  II. 

r=4  X  10*. 

1-  2 

2-  5 

3-  6 

4-  8 


Series  III. 

1-6 
3  8 
6-0 

6-5 


Series  I. 

F=8x  lO''. 
2-9 
3*6 
4  1 

4  7 


Stric.s  II. 

K=4xl0*. 
6*1 
7-4 
7-4 
7*4 


Strics  III. 
r=4xlO*. 
8-3 

101 

101 

101 


Values  of  k  =  0'6,  1*2,  and  1*67 ;  hydrolysis  value  for  I  and  II » 
37*5,  for  III,  61*5. 

As  regards  the  above  determinations,  two  points  require  comment  : 
Hrstly,  the  hydrolysis  is  not  completed  when  the  original  solution  is 
kept  at  the  ordinal)  U'luperiiture,  and  seeondly,  the  differences  -  y, 
jilthough  approximately  con.stant  and  conforming  to  the  .strai^dit  line 
formula,  yet  show  a  slight  tendency  to  increase  with  the  number  of 
observations.  A  similar  phenomenon  in  the  case  of  dicarboxylic  acids 
has  been  noticed  in  the  methyl-orange  method  {Ztitsdi.  phi/nikal.  CAetn., 
1906,  57,  159),  as  also  by  Ostwald  in  the  conductivity  method  (ibid., 
1889,  3,  380).  The  cause  of  the  phenomenon,  whether  in  the  case 
of  diacidic  bases  or  dibasic  acids,  is  probably  the  siime.  Bredig  {ibid,, 
1894  13,  314)  showed  that  in  concentrations  varying  from  r=»32  to 
r=1024:  hydrazine  hydrochloride  is  hydrolysed  very  approximately 
into  the  mouo-hydrochloride  and  hydrochloric  acid,  thus  : 

ClHaN-NHgCl  +  H'OH  -  UlH^N'KHj-OH  +  HCI, 
that  is,  the  hydrolysis  value-* 50  per  cent. 

My  experiments  with  the  heated  solution  with  Fa*  4x10^,  a 
dilution  forty  times  greater,  gave  the  value  "51*5  per  oent.  It  there- 
fore appears  that  in  the  ease  of  hydrazine  hydrochloride»  and  as  will  be 
shown  on  other  diaeidic  bases,  Arrhenias'  dllnUon  law  is  not 
applicable;  no  value  of  can  therefore  be  deduced.  Hydrazine  is 
further  remarkable  in  that  the  introduction  of  an  amino-group 
(attached  to  a  nitrogen  atom)  in  ammonia  deemms  the  basie  valnoi 
whereas  in  all  other  cases  the  amino-group  thus  introduced  increases 
the  basic  value.  Bredig  {he,  ciL)  suggests  that  this  result  is  correlated 
with  the  contiguity  of  the  amino-groups. 

GfiamdinB  IfydroMmdt. — Observations  were  made  with  two 
different  concentrations  with  the  following  results : 


r=2x  10*. 

0-2 
0*6 

0-9 
0-9 


K=4  X  lO-*. 

1  2 
2-5 

;{■•) 
47 


F=2xlO*. 
0*9 
OD 
0  9 


K=4xl0». 
5*9 

7-  3 

8-  6 


Values  of  AbO'25  and  1-2,  corrected  0*245  and  1-25;  hydrolysis 
values  3*7  per  cent.»  value  of  ifc^"*  1*1  10^ S  at  V»ix  10*,  temperature 
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15^ ;  no  value  of  guanidine  has  as  yet  been  givon^  owing  to  irregu- 
larities of  results. 

Aminoguttnidin§  Hydra6hjhridB.^^o  hydrolysis  could  be  detected, 
which  servea  as  a  good  illostration  of  the  increase  of  a  basic  constant 
by  the  effect  produced  by  the  substitution  of  hydrogen  in  gnanidioe 
by  an  amino*group  attached  to  a  nitrogen  atom. 

€airbamid$  ffffdroMtride. — ^The  hydrolysis  value  and  basic  constant 
of  carbamide  has  been  so  frequently  determined  that  it  was  not 
thought  necessary  to  add  to  the  determinationa 

SemkarbasieU  ffydroehiorid0,^ThB  salt  (presented  by  Mr.  N.  V. 
Sidgwick)  was  purified  by  recrystallisation.  Solutions  of  the  concentra- 
tions were  examined,  but  all  reaction  soon  came  to  an  end.  The 
following  resultrwiBre  obtained  (temperature  16**) : 


r=4xl0*.  r=2xio*. 

0-35  0-6 

0-7  1-4 

1*0  2-0 


1'4  20 
17  2-0 


Values  of  il>aO*36  and  0*7  ;  hydrolysis  value 11  per  cent.;  value 
of  h  at  r-2  X  10«-i9*l  10*^  Wood  (Thms.,  1903,  83,  571),  by  the 
methyl  acetate  catalysis  method,  found  a  hydrolysis  valuer  10*4  per 
cent.,      10,  which  gives  a  basic  constant  2*7  10"^^  kt  40^,  making 

semicarbazide  a  much  weaker  base.    But  whichever  of  the  discrepant 

results  may  be  correct,  the  effect  of  the  substitution  of  hydrogen  in 
carbamide  by  an  amino-group  attached  to  a  nitrogen  atom  is  similar 
to  that  observed  in  tiie  above  cases  of  guanidine  and  amino- 
guanidine. 

AliphaUit  Amin»a, 

The  hydrochlorides  of  methylamine,  ethylamine,  triethylamine 
(samples  of  which  were  kindly  presented  by  Mr.  N.  V.  Sidgwick), 
Mopiopylamine,  and  triniethylamine  wcro  examined  by  this  method, 
but  only  traces  of  hydrolysis  could  bo  detected  in  the  last  case.  This 
result  is  in  accordance  with  Bredig's  determinations  by  the  electric 
conductivity  method,  the  value  of  the  basic  constant  for  the  last- 
named  base,  namely,  A;fr»7'4  10 being  lower  than  those  of  the 
others. 

Ethijlen&iiamine  Hj/drochlmnde. — Only  one  sohnion  was  examined, 
namely,  the  original  r=20,  giving  on  addition  to  the  methyl  orange 
F=4x  IC;  all  Feaction  soon  came  to  an  end.  The  results  were  as 
follows : 

r=4xl0\    Tcron.  16'. 
0*2  0*8 
0*4  10 
0-6  10 

Value  of  iba0*2;  assuming  that  of  hydrochloric  acid  of  the  same 
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dilution  to  be  32,  the  hydrolyais  value » 0*6  per  cent.,  and  the  yalue 
of  jfc»-6*9  10-7. 

Bredtg  {loc  ciL)  lemarked  that  this  aalt  shows  no  appreciable  acid 
reaction  with  methyl-orangs^  without  giving  details  of  the  strength  of 
the.  solutionsi  and  that  this  salt  is  hydrolysed  hy  water  quite  inap- 
pteciabljy  an  observation  in  aooordanoe  with  the  above  results, 
which  are  onlj  put  forward  as  an  approamation. 

fi'Jfiihyil^fWjflmiiim  ffydroeUaride. — This  salt  gave  a  hydrolysis 
value  of  3  per  cent  with  r«4  x  10*,  but^  as  it  was  found  possible  to 
obtain  only  a  few  results,  no  conolusioDS  are  drawn  therefroni. 


Aminaearhoanfiie  Adda, 

In  my  former  paper,  certain  values  of  k  were  given  for  glycine  and 
betaine  hydrochlorides  which  were  only  compared  with  those  of  hydro- 
chloric acid;  these  values,  corrected  and  recalculated  as  explained  in 
the  introduction,  give  for  the  hydrolysis  numbers,  glycine  liydrochloride 
=  86'0  per  cent.,  and  l»etaine  hydrochloride  =  94*7  per  cent.  Sub- 
sequently, results  have  been  obtained  for  the  hydrochlorides  of  glycine 
ethyl  ester,  Barcosine,  and  leucine. 

Glycine  Ethyl  Eater  Hydrochloride. — Two  sets  of  determinations  were 
made  with  relatively  concentrated  solutions,  as  the  hydrolysis 
very  slight ;  the  resndts  are  given  as  under  (temperature  18°) : 


O'S  0-6 

07  1-2 

1*1  17 

1-5  2-8 


r=2xio».  r=ixio». 

1  -8  S'O 

18  8-6 

1-8  4  2 


Values  of  ^  =  0*35  and  0  6,  corrected  0-32  and  0'65  ;  assuming  the 
values  of  hydrochloric  acid  at  thet^o  concentrations  to  be  32  and  64 
respectively,  the  hydrolysis  number  =1  per  cent.  Value  of  ^6 
2xl03)  =  9-7  10-8.  Johnson  (Proc.  i?oj/.  .Soc,  1906,  78,  .4,  96)  was 
unable  to  obtain  a  value  of  the  basic  constant  of  the  above  substance 
by  the  methyl  acetate  catalysis  method,  as  tlie  reaction  proceeded  too 
slowly.  Walker  (ibid.,  148)  remarks  thereon  that  esterification  greatly 
increases  tlie  value  of  the  basic  constant,  probably  by  breaking  up  the 
ring-formation. 

The  following  numbers,  although  not  strictly  comparable  owing  to 
differences  of  temperature,  may  be  of  interest  as  illustrating  the  above 
point: 

Glycine.  Glycine  nictli)  1  ester.  Glycine  ethyl  ester. 

2-66  10-1-  at  26'  220  lO'^-  at  40"  97000  lO'^^  at  15' 


BydroMirida, — ^Two  concentrations  were  worked 
giving  the  following  results  (temperature  12^ : 
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1-  2 

2-  5 
8*8 

5-2 
67 


r=4xlO«, 

2-9 

5  9 

8*8 
117 
14*8 


K=8xia«. 
81 
8*5 
10*9 
12-8 


14-6 
14*6 
14-8 
14-6 


Yalaes  of  1*96  and  2'9,  oorreoted  1*4  and  S*8 ;  hydroIysiB  value 
•  87*5  per  oent. 

Leucine  Mydrochloride, — Conditioos  a8  in  the  case  of  the  above  : 


rs8xm 

1-  3 

2-  6 
4*1 
8*4 


r«4xlO«. 

2-8 
5-8 
8*4 
11*0 


r»8xm 

8-8 
8-1 
9*8 
10*7 


F=4xl0*. 

137 
137 
18*7 
18-7 


Val  lies  of  ^=1'35  aod  2*75,  corrected  1*36  and  2'73  j  hydrolysis 

value  =  84*3  per  cent. 

Winkelblech  (loc.  ctt.)  either  directly  determined  or  calculated  out 
Uie  hydrolysis  values  of  these  hydrochlorides  of  aminoacetic  acids 
from  the  results  of  Bredig  (loc.  cit.)  and  Carrara  and  Eossi  (AtH  R, 
Aeoad,  Lineei,  1897^  6,  219).  His  results  and  those  given  above 
compare  as  follows : 


Winkdblech. 
Fsl094.   T«mp.  28*. 

Glycine   88*0  per  oent 

Sarcosine  ....  87*5 

BeUiue   94 '6 

Leaeinc   86*8 


»» 


Yelay. 

r=4  X 10*  to  8  X  10«.  Temp.  12*  or  18*. 
83-6  percent 
88-6 
947 
84*8 


*i 


The  agreement  of  results  obtained  by  two  totally  different  method.s 
at  different  concentrations  appears  very  satisfactory ;  the  greatest 
variation,  about  3  per  cent.,  occurs  in  the  case  of  glycine,  but, 
adopting  Winkelblech' a  constants,  a  hydrolysis  value  of  86  per  cent, 
could  have  been  obtained  at  K<=1316,  whereas  the  greatest  dilution 
examined  by  him  was  r=  1024. 

Since  from  the  above  results  nearly  identical  hydrolysis  values  have 
l)eenobtained  by  Winkelblech  at  r=  1024,  say,  1  x  10*^,  and  by  myj^elf 
at  V=  4  X  10*  and  8  x  10*,  or  forty  and  eighty  times  the  dilution,  then 
one  might  conclude  that  in  the  Arrhenius  equation,  kblkw=^{  \  —x)Vjx^t 
the  right>hand  side  of  the  equation  cannot  be  summed  to  infinity 
(condition  1  ~9B^0,V=  qq),  but  that  there  is  a  limiting  value  of  V  at 
whicb  the  equation  Hydrochloride  +  Waters  Base  +  Acid  (or  ions 
thereof)  becomes  reversible. 

Drucker  (Zeitech.  Blektrochem.,  1907,  13,  81)  has  recently  put 
forward  the  view  that  the  ultimate  limit  of  ionic  dissociation  is 
reached  completely  in  the  case  of  salts  containing  univalent  ionn,  and 
nearly  completely  in  those  containing  bivalent  ions,  at  a  dilution 
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r«B  1x10^,  hydrolysis,  tnter  a/ia,  causing  error.    Bat  Mb  view  has 
boeii  eritidsed  bjKoblraasch  {ibid.f  336),  who,  whilst  admitting  that 
the  eleetrie  oonduetivity  method  is  not  trustworthy  beyond  this 
dilution,  yet  shows  by  extrapolated  curves  that  the  ionic  dissociation 
at  such  dilution  falls  short  by  1  to  8  per  cent,  of  its  final  value.  My 
observations  by  the  methyl-orange  method,  of  which  oiily  it  few  are 
given  in  the  present  communication,  are  in  accordttnoe  with  Drucker's 
view,  since  in  by  far  the  larger  number  of  cases  a  limiting  value  is 
reached  at  the  dilution  V=  1x10*,  or  at  most,  2  x  10*.    But  a  con- 
clusion could  only  be  regarded  as  final  if  the  methyl-orango  or  traces 
of  impurities  in  either  the  water  or  the  salts  were  not  possible 
disturbing  factors.    The  present  state  of  affairs  cannot  be  better 
summed  up  than  in  the  following  passage,  *'  the  last  words  regarding 
dilute  acids  or  bnses  cannot  be  spoken  until  one  has  succeeded  in 
examining  their  solutions  in  pure  water  "  (Kohlrausch,  loc  oiL,  646). 


Urio  Add  DwivaUvu, 

For  the  sake  of  oonvenience,  these  sabstanoes  are  oonsideKed  here  as 
ureides  aad  closed-chain  compounds  anslogoas  to  betaine. 

C^ffwm  Hyd/roMmdi^ — The  sample  (rf  this  salt,  porehased  from 
Merck,  was  in  the  form  of  large  crystals^  aad  the  yeiy  slight 

efflorescence  of  caffeine  on  their  surface  was  remoyed  before  dilation. 

The  course  of  events  on  adding  water  can  readily  be  followed ;  firstly, 
the  water  removes  the  hydrochloric  acid,  and  secondly,  the  separated 
caffeine  slowly  dissolves,  probably  as  hydroxide. 

As  it  was  stated  some  years  ago  by  Schmidt  (Anmden,  1883,  217, 
284)  that  this  salt  is  completely  decomposed  both  by  water  and 
alcohol  into  the  free  base  and  hydrochloric  acid,  solutions  in  both  these 
media  were  examined. 

Tho  results  obtained  with  aqueous  solutions,  temperature  15°,  were 
as  follows : 

r=8xio«.         r=4xm  KsSxio*.  r=4xm 

1-6  2-9  6-3  12-5 

8  1  6  0  7*9  167 

47  9-0  9-6  167 

Values  of  k=  1*55  and  31  ;  hydrolysis  value  =97-2  percent.  Wood 
(Trans.,  1903,  83,  671)  found  a  hydrolysis  value  =89*7  per  cent,  at 
r=  10,  temperature  =  40°,  which  give6ifc»»4*l  10~";  sub  >titutiiig  these 
last  numbers  in  the  Arrhenius  equation,  the  value  of  V,  correspond- 
ing with  hydrolysis  97*2,  is  28*5  at  40^,  and  probably  about  188  at  Iff* 
{Ku-^  *■  1 '  6*6).  This  may  therefore  be  regarded  as  the  limiting 
Talne  of  F,  ^ 

AleohoUe  SohiHon, — ^The  salt  was  dissolTod  in  alcohol  (99*6  per  cent. 
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per  volume),  which  had  been  specially  purified  for  anotlior  pni  poso 
from  traces  of  impurities  other  than  water,  so  as  to  o))tain  a 
solution  as  customary ;  thi^  proce<;s  was  very  tedious,  and  required 
several  hours  and  a  gentle  heat  lor  oompletion.    The  solution  thus 
obtained  was  diluted  with  the  same  alcohol  so  as  to  give  a 
eolntioUf  which  was  used  for  the  purpose  of  observations : 
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Hydrolysis  valuer 73*4  per  cent. 

It  is,  of  course,  true  t^t  hydrolysis  might  have  resulted,  and  probably 
did  result,  from  the  water  of  the  methyl-orange  solution,  but  to  meet  the 
argument  that  the  alcohol  inhibited  the  full  reaction  of  the  indicator, 
experiments  were  repeated  with  betaine  hydrochloride  under  precisely 
similar  conditions :  the  values  so  obtained  were  identical  within  the 
limits  of  experimental  error  with  those  with  the  aqueous  solution. 
The  above  [results,  although  not  conclusive,  yet  appear  sufficient  to 
show  that  caffeine  hydrochloride  is  not  completely  decomposed  by 
alcohol  into  the  free  base  and  acid  as  stated  by  Schmidt. 

Thsohi'omine  Ilydrochloridt. — Owing  to  the  sparing  solubility  of  the 
base,  the  method  of  procedure  was  altered  ;  the  salt  was  dissolved 
directly  to  give  a  N!\00  solution  ;  ovou  under  those  conditions  the 
separated  theobromine  dissolved  very  slowly,  and  it  was  foun<l 
necessary  to  warm  the  solution.  One  series  of  experiments  was  con- 
ducted with  the  following  results  : 
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Value  of  ^=  1*3  ;  hydrolysis  value »  8 1*2  per  cent. 

Wood  (loc.  cit.)  gave  an  approximate  value  73  per  cent,  in  an 
iV/10  solution,  this  number  being  arrived  at  by  the  indirect  solubility 
methorl ;  the  value  of  kt  deduced  is  1*65  10~^-''  at  40",  and,  making  the 
substitutions  as  explained  in  the  case  of  caffeine,  tlie  value  of  Kfor  a 
hydrolysis  81*2  per  cent,  is  28,  and  at  15°  about  185. 

The  general  agreement  of  my  results  with  those  of  Wood  for 
caffeine  and  theobromine  is  very  satisfactory,  although  here  again  they 
point  to  a  limiting  value  of  V  in  the  Arrhenius  equation. 

Swamary* 

(I)  The  method  of  determining  the  hydrolysis  values  of  the  hydro- 
chlorides of  nitrogen-containing  bases,  and  lience  the  affinity  constants 
of  the  latter,  by  means  of  the  methyl-orange  method  is  described  in 
detail. 
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(II)  The  lelalivo  advanUigos  of  tlic  metho»l,  po.s.sihly  not  so  a( nirate 
as  other  methods  prpvionsly  proposed,  are  discussed,  and  certain 
obvious  criticismB  are  consiJere<l. 

(III)  Kesults  are  given  for  the  hydrochlorides  of  (i)  bases  not  con- 
taining an  alkyi  grouping,  (ii)  aliphatic  amines,  (iii)  aminoacetic  acids, 
and  (iv)  uric  acid  derivatives. 

As  regards  hydrazine  in  (i)  and  in  all  eases  of  (iii),  it  is  shown  that 
the  resn'ts  obtained  by  the  raethyl-orange  method  are  concordant  with 
those  obtained  by  the  electric  conductivity  method,  alt  liough  the  dilution** 
used  were  forty  to  eighty  times  greater.  The  conclusion,  although  not 
considered  final,  drawn  therefrom  .is  to  the  effect  that  the  hydrolysis 
reaction  beoomes  reversible  when  a  certain  dilution  is  attained. 

As  regards  eases  of  (i  v),  the  general  Agreement  of  the  resnlts  obtained 
by  the  methyl-orange  method  with  those  of  the  solnbitity  method  is 
considered,  although  the  increase  of  hydrolysis  relative  to  dilution  is  less 
than  that  required  by  the  Arrhenius  formula. 

In  a  subsequent  communication,  it  is  proposed  to  give  an  account  of 
results  obtained  by  the  methyl-orange  method  for  the  hydrochlorides 
of  bases  derived  from  cyclic  compounds. 


LX. — Tnices  of  a  New  Tin-group  Element 

in  Thorianite. 

By  Clark  de  Brbrkton  Evans. 

■ 

In  the  course  of  an  examination  of  the  iron  residues  separated  from 
5  cwt.  of  the  cubical  Ceylon  mineral  belonging  to  Sir  William 

Ramsay  (compare  O.  Hahn,  Proc.  Roy.  Soc.^  1905,  76,  A,  115; 
Dunstan  and  Blake,  rhid  ,  760),  it  was  found  that  al)out  1  per  cent,  of 
the  material  was  formed  of  sulphidos  of  tlie  silver,  copper,  and  tin- 
group  elements  which  had  escaped  precipitation  in  the  proper  place. 

A  preliminary  examination  showed  this  sulphide  precipitate  to  be 
mainly  due  to  lead,  of  which  thoriunite  contains  nearly  3  per  cent, 
us  oxide  (Dunstan  and  Jones,  ibid.,  77,  A,  516,  and  others);  the 
rest,  about  10  per  cent,  of  the  sulphides  as  it  proved,  was  a  mixture 
of  sulphides  of  the  copper  and  tin  metals  which  are  found  only  as 
traces  in  the  iniaeral  itself  (Buchner,  ihld.^  78,  A,  358). 

Durin*;  tlie  appar  ition  of  these  sulphides  into  groups  in  the  ordinary 
course  of  analysis  colorations  were  observed  which  could  not  >^o 
accounted  for  and,  since  further  inquiry  led  to  the  conclupion  that 
these  colorations  were  due  to  some  substance  associated  with  the  tin 
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metals,  an  examination  of  the  thoriauite  residues  containing  this 
group  was  determined  on. 

The  material  used  in  the  investigation  amounted  altogether  to 
about  2*5  kilos,  of  mixed  sulphides  ;  I  kilo,  of  this  was  laljoriously 
collected  from  80  kilos,  of  the  iron  residues  as  already  indicated  (this 
was  particularly  rich  in  tin  group  sulphides),  and  the  rest  was  part  of 
the  lead  residuas  of  the  5  cwt.  of  thoriunite.  llather  more  than 
6  per  cent,  of  tlio  whole  proved  to  be  sulphides  of  the  tin  group ; 
this  was  separated  with  sodium  hydroxide  by  fusion  in  a  nickel 
crucible.  A  portion  of  the  150  grams  so  obtained  was  analysed,  but, 
although  only  arsenic,  antimony,  tin  (stannic),  and  selenium  were 
detected,  it  was  evident  from  the  colour  of  the  filtrates  that  some 
soluble  brown  sulphide  (t)  was  also  preseot,  and  search  was  made  for  a 
method  of  separation. 

Sventually  this  brown  sulphide  was  isolated  with  arsenious  sulphide, 
which  it  resembles  in  being  insoluble  in  hydrochloric  acid  and  readilj 
soluble  in  ammonium  carbonate  holution ;  to  the  latter  it  gives  a  char- 
acteristic deep  brown  colour.  T.ike  arsenious  sulphide  it  dissolves  in 
nitric  acid  but  the  concentrated  syrupy  liquid  has  a  siroog  golden- 
brown  colour,  and  leaves  on  evaporation  at  120°  a  brown,  hygroscopic 
oxide ;  this  ia  reduced  by  hydrogen  at  250 — 300°  to  a  black  oxide 
and  then  at  a  higher  temperature  to  a  dark  grey,  non-volatile  metal 
wbidi  melts  at  a  bright  red  heat. 

The  brown  sulphide  is  attacked  only  with  difficulty  by  a  mixture  of 
hydrochloric  acid  and  potassium  chlorate;  after  this  treatment  the 
greater  part  remains  mixed  with  sulphur,  from  which  it  is  easily 
removed  by  a  solution  of  ammonium  carbonate^ 

After  many  months  of  work  only  about  0'05  gram  of  the  brown  oxide 
has  been  oolleeted  from  about  one-third  of  the  mixed  sulphides  and 
this  is  not  free  from  arsenic  This  corresponds  with  about  1  part  in 
1*6  mUlton  (less  than  1  gram  to  the  ton)  of  thcrianite  or  0'005  per 
cent,  of  the  tin-group  sulphidei^,  an  amount  which  would  very  likely 
have  escaped  notice  altcfpither  had  it  not  been  that  the  sulphide 
dissolves  in  water,  which  is  coloured  brown  by  a  very  small  quantity. 
This  solubility  in  water  greatly  increases  the  difficulty  of  separation, 
for  the  solid  is  not  easily  recovered  from  what  appears  to  be  a  true  and 
not  a  colloidal  solution ;  it  accounts  also  for  the  fact  that  hydrogen 
sulphide  and  acid  only  partly  re  precipitate  the  sulphide  from  solutions 
containing  ammouiuui  carbonate. 

The  determination  of  the  equivalent  of  the  metal  has  been  attempted 
in  two  ways  :  by  electrolysis,  using  Faraday's  Law,  and  by  reduction 
of  the  brown  oxide  to  metal  by  heating  in  hydrogen ;  the  latter 
method  indicates  a  considerably  higher  equivalent  thain  that  of 
arsenic. 

yOL.  XCilL  Y  V 
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The  electrolysis  of  a  few  milligrams  of  material  wius  carried  out 
with  the  help  of  Dr.  Brill,  who  weighed  the  small  platinum  electrodes 
on  his  balance  of  the  Nernst  type.  The  same  current  was  used  to 
deposit  antimony,  bismuth,  and  the  unknown  element  from  similar 
solutions  of  their  chlorides  containing  gelatin,  the  standard  being 
silver  deposited  from  a  solution  of  silver  perchloruto.  Thpre  was  not 
more  than  about  1  per  cent,  of  error  in  the  equivalent  found  for 
aDtimooy  by  this  metiiod  bat  the  deposit  of  the  unknown  element 
was  unsatisfactory. 

A  preliminary  spectroscopliO  examination  revealed  no  new  iincBj  but 
it  is  hoped  to  make  further  experiments  in  this  direction. 

Incidentally  a  little  more  knowledge  of  the  eompoeition  of 
thorianite  has  been  gained.  It  is  now  possible  to  state  positively 
that  it  contains  arseniC}  mercury,  bismuth,  molybdenum*  and  selenium ; 
several  grams  of  arsenious  sulphide  have  been  isolated,  and  a  drop  of 
mercury  weighing  about  0*5  gram ;  bismuth*  molybdenum,  and  selenium 
are  present  in  much  smaller  amount.  The  lead  residuea  contain  also 
a  quantity  of  sHica,  but  this  may  have  found  its  way  in  from  vessels 
employed  in  the  disintegration  ol  the  mineral,  although  the  method 
used  (fusion  with  bisalphate)  scarcely  warrants  this  assumption. 

Inddentally  also  a  new  triple  oxabUe  of  thorium,  uranium,  and 
ammonium  was  prepared  in  considerable  quantity.  To  obtain  this  the 
pale  green  double  oxalate  formed  by  adding  oxalic  add  to  a  solution 
containing  thorium  and  a  uranous  salt  was  dissolved  in  ammonium 
oxalate  solution  and  the  solution  was  then  slowly  evaporated ;  it  formB 
large  emerald-green  crystals  which  lose  ammonia  and  water  on  expo- 
sure to  air.  The  composition  of  these  crystals,  determined  in  conjuoc- 
tion  with  Miss  K.  A.  Burke,  appears  to  be  TiiU,,5(NIJJ.^(aO^),,3,UHgO. 

Liick  of  material  has  for  tlie  time  brought  the  invedtigation  to 
ft  close,  but  steps  are  being  taken  to  continue  the  search  for  the 
supposed  new  element  in  other  ores  of  ar&enic 

CaXMIBTaT  IiABOaATOaT, 
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LXI. — The    Triazo^oup,     Part    II.    Azoimides  of 
Propionic  Ester  and  of  Methyl  Ethyl  Ketone, 

By  Mabtin  Onslow  }<'ojt8T£A  and  Haks  JBIduaiid  f  isjue. 

With  the  object  of  mvwtig»tiDg  more  cIomIj  the  effect  produced 
oa  a  truMO-group  by  the  immediate  neighboiirhood  of  curbonyli  wo 
have  compared  the  propertiee  of  the  a-  and  /S-triaso-denvatiTeB  of 
propionic  eeter,  CHg-CHNg-COj-C^H^  and  Nj-OHj-OHj-COj-C^II^, 
substances  prepared  from  the  corresponding  halogen  derivatives  and 
sodium  asidOb  The  comparison  has  brought  out  the  point  foreshadowed 
by  previous  experiments.  a-Triasopropionic  ester  may  be  h^'diolyaed 
by  alcoholic  potassium  hydroxide  without  losing  nitrogen,  and  the  aeid 
has  beoi  isolated  in  erystailine  form;  with  considerable  excess  of 
alkali,  decomposition  occurs  even  more  readily  than  in  the  case  of 
triazoacetic  acid,  and,  although  we  have  not  isolated  pyruvic  acid,  th© 
occurrence  of  ammonia  in  the  liberated  nitrogen  indicates  that  action 
follows  the  course  pursued  by  the  lower  homologue  and  by  camphoryl- 
azoimide  (Trans.,  1905,  87,  826)  : 

CH.-CHNa'COjH       N3  + Clig-qiNHj-COgH. 
Hydrazoie  acid  is  not  eliminated,  whereas  )3-triasopropionic  ester  loses 
its  nitrogen  in  that  form  so  readily  that  the  amide  is  not  produced 
when  the  substance  is  shaken  with  aqueous  ammonia,  whilst  potassium 
hydroxide^  aqueona  or  alcoholic,  gives  no  trace  of  nitrogen : 

Ks-OH,*OH,*CO,*G,H,  ->  HN,+CH,:CH'CO,H+OA*OH. 
It  would  have  been  interesting  to  compare,  from  the  same  stand- 
pointy  the  structurally  different  triazo-derivatives  of  methyl  ethyl 
ketone,  CH«*00*CHNs*OH,  and  GHg^CO'CH^^CH^  Ns,  but  the  chloro- 
ketone  corresponding  to  the  latter  is  not  aviESlable,  and  we  have 
chlorinated  methyl  ethyl  ketone  many  times  without  obtaining  it. 
3-Triazobutanone-2  and  l-triazobutanone-2,  however,  are  described  in 
this  communication,  and  both  resemble  closely  the  triazo-derivative  of 
acetone  in  respect  of  their  behaviour  towards  alkali,  the  percentage  of 
nitrogen  set  free  being  4  per  cent,  less  than  two-thirds  from  the 
•*  internal  "  azoimide,  whilst  the  deficit  is  2*5  per  cent,  in  the  case  of 
the  "  external  "  derivative.  The  remaining  nitrogen  being  eliminated 
in  the  form  of  hydrazoie  acid  and  ammonia,  it  is  probable  that  the 
hydroxy-ketone  is  produced  in  association  with  the  mono-imine  of  the 
diketone,  as  indicated  by  the  following  equations  : 

A.      1.  CH8-CO-CHNg-CH8  =  CH3-CO-C(:NH)-GH3-f  Nj- 

•  IL  CH3-C0-C(:NH)-CH8  +  H30  =  CH8-C0-C0-CH8-^NII3. 

IIL  OH,*00-OHN,*OH9+HsO-OHg-CK)*OH(OH)*OH3+HN,. 

Y  y  2 
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A      I.  Nj-CH^-CO-Cil/CHg-Nj  +  NHICH-CO-CHj-CH,. 

II.  NHiCH-CO-CHj-CHg  +  H^O  =  Nil,  +  OICH-CO-CHj-CHj. 
III.  N,'0Ha*C20-0fls*0H, + il,0  -  HNg + HO*0H,*O0-CUIs*CHr 

The  eeparatioQ  of  hjdrasoic  acid»  taking  place  in  subordination  to  the 
removal  of  nitrogen,  has  now  been' observed  in  the  case  of  fiveorlmio* 
ketoDes,  which  are  thereby  distinguished  from  triaiooamphor ;  the 
eizeamstaiices  which  enoonrage  this  secondary  change  have  been 
ahreedy  indicated  (this  vol.,  page  73)»  and  from  the  fact  that  3-txiaeo- 
batanone-2  is  more  soluble  in  very  dilute  alkali  than  in  water,  and 
is  not  removed  from  such  a  solution  by  ether,  we  suggest  that  the 
operating  cause  of  the  change  in  question  is  enolteation.  This  per* 
tieoler  fcnn  of  molecular  rearrangement  would  so  modify  the  environ* 
ment  of  the  triaio-group  that  the  possibility  of  developing  the  unstable 
ring  systeui,  already  indicated,  would  no  longer  present  itself.  Enolic 
forma  of  triaioacetone  and  of  l-triazobntanone-2,  namely, 

N8-CH:C(0H)-CHg  and  N,«0H:C(0H)-CH2-CH„ 
would  be  unsaturated  triazo-alcohols,  whilst  the  corresponding  isomeride 
of  3-triazobutiiuuiie-2  would  su-^'gest  auixlogy  to  ethyl  triazoformate, 

CH/C(OH):CN3-CH3  and  OiONg-O-CjH^. 
from  which  the  total  uitrugen  is  eliminated  in  the  form  of  hydrazoic 
acid  (this  vol.,  page  81). 

One  of  the  points  which  the  azoiiuides  of  these  elementary  aliphatic 
types  have  brought  into  prominence  is  the  great  depression  in 
osmophoric  effect  exerted  by  the  triazo-group  as  compared  with  the 
result  of  introducing  this  complex  into  the  aromatic  ouoleus.  Previous 
workers  have  noticed  that  replacement  of  hydrogen  by  the  triazo- 
group  in  beozenoid  compounds  has  usually  resulted  in  the  development 
of  a  characteristic  odour;  Bupe  and  von  Majewski  (Ber.,  1900,33, 
3401),  among  othen^  showed  that  the  perfume  of  anise  is  commoiily 
associated. with  this  group,  and  our  own  experimente  with  aromatic 
asoimides  (Trans.,  1907,  91,  866,  1360,  1942)  furnished  several 
examples  of  odour-intensiAoation  by  the  group  in  question.  This 
elSeet  is  not  merely  absent  from  the  aliphatic  derivatives,  it  is  actually 
reversed.  The  faint  odour  of  triasoacetic  acid  is  not  comparable  with 
that  of  acetic  add  itself,  and  the  next  higher  homologtie,  although  mors 
markedly  suggesting  rancidity,  is  far  inferior  to  propionic  add  in 
pungency ;  the  relationship  of  the  esters  is  parallel,  the  powerful, 
characteristic  fragrance  of  ethyl  acetate  being  almost  entirely  sup* 
pressed  by  introducing  tbe  triazo  group,  whilst  the  odour  of  triazoacetone 
is  much  moie  feeble  than  that  of  tho  unsubstituted  ketone.  Almost 
equally  marked  is  the  reversal  of  the  azoimide  character  in  respect  of 
actinism.  Aromatic  triazo-derivatives  are  seldom  obtainable  free  from 
colour,  and  the  great  majority  rapidly  darken  when  exposed  to  diffused 
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Ughty  but  (he  aliphatic  deriv&tiyes  hitherto  examined  have  heen  remark- 
ably free  from  this  peculiarity;  specimens  of  ethyl  triazoacetate,  ethyl  a- 
and  )3-triazopropionate8,  triazoacetamide,  triazopropionauiide,  and  of  the 
free  acids,  have  given  no  indication  of  discolomtion  by  light. 

A  few  days  after  the  appearance  of  our  previous  paper  (this  vol., 
page  72),  a  description  of  triazoacetic  ester  was  published  by  Curtius. ' 
Darapsky,  and*  Bockmiihl  {Ber.,  1908,  41,  .144),  who,  having  obtained 
the  hydrazideof  the  acid  by  the  action  of  hydrazine  on  diazoacetic  ester, 
as  also  from  diazoacetamide  and  hydrazine  hydrate,  proceeded  to  verify 
their  diagnosis  by  the  interaction  of  iodoacetic  ester  and  silver  azide; 
in  reply  to  an  inquiry,  Geheimrat  Professor  Curtius  has  informed  ns 
that  he  will  not  regard  the  further  prosecution  of  our  investigation  as 
an  encroeehment  on  his  own  researohes,  for  which  courtesy  we  beg  to 
oflfor  him  our  beet  thanks. 

EzpiBimirTAL. 

arTriazopropianic  Acid,  CHg-CHN^*(X),H. 

Twenty  grams  of  purified  a-triazopropionic  ester  were  mixed  with 
absolute  alcohol  and  shaken  with  potassium  hydroxide  (I  mol.)  dis- 
solved in  50  c.c.  of  water  ;  the  temperature  rose,  and  the  ester  dissolved 
without  liberation  of  g;>s  or  development  of  colour.  After  removing 
alcohol  on  the  water-bath,  slight  excess  of  dilute  sulphuric  acid  was 
added  to  the  cold  solution,  and  this  having  been  extracted  four  times 
with  ether,  the  solvent  was  dried  with  sodium  sulphate  and  evapor- 
ated. The  residual  oil  was  then  heated  at  50*^  during  a  three  hours' 
•ipoeure  to  a  pressure  of  2  mm.,  but  no  attempt  was  made  to  distil 
the  acid,  since  it  appeared  unsafe  to  heat  any  quantity  of  the  material 
above  IW*  Immersed  in  a  freezing  mixture  of  ice  and  salt,  the  acid 
beeame  ▼isoons,  but  did  not  nolidify ;  nevertheless!,  on  sarronnding  the 
■nbetaaoe  with  solid  carbon  dioxide,  it  froee  to  a  tongh,  crystalline 
cake^  and  on  raising  the  temperatare  very  slowly  the  crystals  melted 
at  sero: 

0-1744  gave  0  2030  CO.^  and  0  0723  HaO.    C  -  31-74  ;  H  =  4-62. 
0-1654    „    52-4  c.c.  of  nitrogen  at  20°  and  751  mm.  36-47. 
CjjH.OjN,  require.^  C  =  31-31  ;  H  =  4-36 ;  N  -  36-52  per  cent. 

a-Triazopropionio  acid  has  a  rancid  odonr,  more  pronounced  than 
that  of  triaioacetie  aeid ;  when  thrown  on  a  hot  plate,  it  detonates 
with  a  moderate  explosion  and  takes  fire*  Interaction  with  conoen* 
tvated  snlphnrio  acid  is  most  violent^  torrents  of  gas  accompanied  by 
white  smoke  being  produced,  whilst  the  residual  liquid  is  very  dark 
brown ;  this  behsTionr  is  qnite  distinct  from  that  of  triasoacetic  acid, 
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whioh  tlie  bighttr  homolQgiie  rooombles,  howmr,  so  yUHdmg  nitrogen, 
when  mixed  with  stanmyus  chloride  in  hydroehlorie  add. 

Tk$  SUv$r  Saik — On  adding  silver  nitrate  to  anential  adtntion  of 
ammenium  artriaaopropionate,  a  white^  orjstalline  precipitate  was 
formed,  and,  being  moderately  aolnble  in  boiling  water,  waa  recrystal* 
lised  therefrom,  formiDg  minute,  lustrous  needles : 

0-3693  gave  0  1385  Ag.    Ag  =  48-48. 

0-1276    „    21-G  c.c.  of  nitrogen  at  24' and  761  mm.    N=  19-48. 
C^H^O^gAg  requires  Ag  ->  48  63  ;  N  »  18  93  per  cent 

The  substance  detonates  when  heated,  and  ia  muoh  more  aenaitiTe 
towards  light  than  silver  triasoaoetate. 

AeUon  qf  Alkali. — An  aqneons  solution  of  the  potassium  aalt  ia 
neutral,  and  may  be  evaporated  withont  change,  but  if  ezoeea  of 
alkali  ia  present,  efferreaoenoe  takea  plaoe^  and,  on  incroasing  ttie 
prsfiondeimnce  of  potassium  hydroxide^  libeiation  of  nitrogen  and 
ammonia  beoomes  torrential,  and  a  deep  yellow  coloration  is  developed 
In  the  liquid,  from  which  crystals  snbseqnently  separatOi  Several 
grams  of  the  add  were  therefore  heated  on  the  water*faatli  with  exoesa 
of  potasdnm  hydroxide  until  ammonia  waa  no  longer  lib^ted,  and 
then  addified  with  dilute  sulphuric  add,  which  gave  no  trace  of 
hydrasoio  acid  ;  the  deep  yellow  liquid  was  extracted  ten  times  with 
ether,  which,  when  dried,  deposited  a  solid  residue  on  evaporation. 
After  trituration  with  a  small  quantity  of  cold  water,  the  drained 
residue  was  crystallised  from  a  mixture  of  ethyl  acetate  and  petroleum, 
yielding  indefinite  crystals,  which  evolve  gas  at  153°,  changing  to  a 
dark  brown  semi-solid.  Analysis  points  to  a  condensation  product 
of  obscure  composition,  possibly,  CjQH,jOgN,  but  the  amount  of 
material  at  our  disposal  was  too  small  to  justify  a  detinite  pronounce- 
ment. The  substance  dissolves  in  alkalis,  and  is  reprecipitated  by 
acids  ;  a  neutral  solution  of  the  ammonium  salt  develops  an  intense, 
but  dirty,  violet  coloration  with  ferric  chloride,  and  silver  nitrate  gives 
a  pale  yellow,  curdy  precipitate  in  the  same  solution,  beooming  very 
dark  Inrown  in  the  course  of  a  few  seconds. 

Elhijl  a-TriazopropionaU,  CHj-CHNg-COj'CgH^. 

One  hundred  grams  of  ethyl  a-bromopropionate,  mixed  with  50  grama 
of  absolute  alcohol,  were  heated  under  reflux  during  twenty  hours 
with  50  grams  of  sodium  aside  dissolved  in  water.  After  steam 
distillation,  crystallised  sodium  acetate  waa  dissolved  in  the  condensed 
liquid,  from  which  the  heavy  eater  was  removed  mechanically  in 
almost  quantitative  yield.  The  product  waa  shaken  twioe  with  water» 
dried  with  caldum  chloride,  and  distilled  under  2  mm.  pressure^  when 
it  boiled  very  steadily  to  the  last  few  drops  at  46**: 
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Q-188i  gave  0*2929  OO^aodO  1113  H,0.  0-42*47  ;  H- 6-61. 
CgHj^O^N^  requires  0»  41*96 ;  H-6-29  per  cent. 

The  difficulties  experienced  in  attempting  to  estimate  nitrogen  in 
triazoacetic  ester  were  reproduced  by  the  present  ethereal  Fait,  and 
the  ordinary  method  of  combustion  gave  two  results  iodicating  4  per 
cent,  in  excess  of  the  theoretical  amount.  We  are  indebted  to 
Mr.  H.  Droop  Richmond,  however,  for  estimations  of  nitrogen  by  the 
following  process,  devised  by  him,  and  which  he  is  describing  else- 
where. A  weighed  quantity  of  the  ester,  witli  two  drops  of  form- 
aldehyde solution,  was  washed  into  a  nitrometer  with  0"5  c.c.  of  alcohol, 
and,  10  c.c.  of  concentrated  sulphuric  acid  having  been  introduced, 
the  volume  of  gas  was  measured.  The  liquid  was  washed  into  a  flask 
with  5 -4-3  +  2  c.c.  of  oonoentrated  sulphuric  acid,  2  grams  of  zinc  dust 
and  one  drop  of  mercury  were  added,  and  the  product  boiled  until 
colourless  ;  on  addition  of  alkali  and  alkali  solphidef  followed  by  die- 
tillation,  the  ammonia  wm  collected : 

0*1400  gave  22*9  cc.  of  nitrogen  at  18°  and  752  mm.,  along  with 
0*0176  of  ammonia.  N  - 18*99  as  gas,  10*36  as  ITH, ;  total  29*35. 
CjHgO^Nj  requires  N»  29*87  per  cent. 

Incidentally,  Mr.  Richmond's  experiments  have  brought  to  light  a 
curious  point  in  connexion  with  the  action  of  sul])huric  acid  on  the 
triazo-esters.  In  describing  triazoacetic  ester,  we  referred  to  the 
abnormal  action  of  the  concentrated  acid,  which  liberated  almost 
exactly  one-half  the  nitrogen,  instead  of  two-thirds  ;  Mr.  Richmond 
finds,  however,  that  the  amount  set  free  approximates  closely  to  two^ 
thirds  if  the  ester  is  first  mixed  with  alcohol. 

a-Triazopropionic  ester  is  a  colourless,  limpid  oil,  with  a  perfume  more 
pronounced  than  that  of  triazoacetic  ester,  and  faintly  suggesting 
ethyl  acetoacetate ;  it  is  readily  volatile  in  steam,  the  vapour  producing 
a  throbbing  sensation  when  inhaled.  The  speci6e  gravity  is  1*065  at 
23°  compared  with  water  at  the  .same  temperature.  On  mixing  the 
anbstance  with  concentrated  sulphuric  acid,  gas  evolution  is  immediate 
and  vigorous,  taking  place  much  more  readily  than  in  the  case  of 
ethyl  triaioacetate ;  with  stannous  chloride  in  hydrochloric  acid, 
however,  action  is  more  slnggish,  although  ultimately  becoming  quite 
brisk.  When  thrown  on  a  bot  plate,  the  ester  takes  fire  without 
detonation* 

^    a-lViazopropimmmde,  OHg-CHNj'CO'NH,. 

o-Triaiopropionic  ester,  mixed  with  alcohol,  was  shaken  with  aqueous 
ammonia  until  the  emulsion  disappeared,  when  the  residue  left  by 
evaporation  rapidly  .solidified  on  cooling  ;  the  drained  product  was 
reeiyetallised  from  hot  bensene,  which  dissolves  it  freely,  depositing 
lustrous,  transparent,  rectangular  plates,  melting  at  79^ : 
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0*1661  gave  68*7  c.c.  of  nitrag«n  at  19*^  and  780  mm.    N ■i49'65. 

CjHqON^  requipe9-N  =  49*12  per  cent. 

When  thrown  on  a  hot  plate,  the  amide  vaporises  without  ignition 
or  detonation.  A  solution  in  concentrated  sulphuric  acid  efForvesces 
feebly  when  stirred,  but  the  substance  is  attacked  immediately  by  a 
cold  40  per  cent,  solution  of  potassium  hydroxide,  evolution  of  nitrogen 
and  ammonia  becoming  very  vigorous  on  heating,  when  the  liquid 
develops  a  yellow  colour  ;  the  volume  of  nitrogen  remaining  after  the 
ammonia  is  absorbed  falls  far  short  of  the  24*5  per  cent,  to  be 
expected  if  the  triaao-group  underwent  the  change  first  noticed  in  the 
case  of  camphorylazoimide. 

A.  hot  aqueous  solution  of  a-triazopropionamide  dissolves  yellow 
mercurio  oadde,  and  the  product  yields  with  hydroxylamine  hydro- 
chloride a  transient  yellow  precipitate  which  qaickly  heoomes  ooloar- 
less. 

EUiyl  P-Triazop'optonate,  Ng-OH^^OHj-COj'CjHs. 

Seventy  grams  of  ethyl  /?-iodopropionate,  mixed  with  alcohol,  were 
lioated  with  30  grnms  of  sodium  azide  in  the  minimum  of  water 
during  six  hours  under  retlux.  The  action  proceeds  slowly,  and  is 
complicated  if  the  liquid  is  boiled ;  moreover,  it  appears  to  be 
reversible,  and  only  by  separating  the  product  and  heating  it  twice 
again  with  sodium  azide  was  the  triasopropionate  obtained  quite  free 
from  iodine.  In  this  way  there  were  prepared  about  15  grams  of 
ester  boiling  at  62°  under  5  mm.  pressure,  but,  although  a  test  for 
iodine  gave  a  negative  re.<tu1t,  the  estimation  of  nitrogen,  both  by  the 
ordinary  method  and  by  Richmond's  process,  gave  low  results : 

0*1168  gave  28-85  c.e.  of  nitrogen  at      and  751  mm.  K«  28-83. 

CjHgOjNg  requires  N- 29*37  per  cent. 

/3-Triazopropionic  ester  is  colourless  and  limped,  with  an  odour 
fainter  than  tliat  of  the  a  coiiqioijiul,  whilst  the  specific  gravity  is 
greater,  being  1  087  at  11)^  compared  with  water  at  the  same  tem- 
perature, and  the  .'^ame  relationship  is  observed  in  the  case  of  the 
a-  and  ^-chloropropionic  esters  ;  it  is  readily  volatile  in  steam,  when 
the  vapour  produces  the  characteristic  throl)biug  seusatioii  if  inhaled. 
On  a  hot  plate,  the  ester  takes  fire  without  detonation. 

Action  of  Alkali. — In  marked  distinction  from  ethyl  a-triazopro> 
piooate»  the  ^-ester  cannot  be  hydrolysed  without  removing  the 
triazo-group  ;  an  unsuccessful  attempt  was  made  to  prepare  the  amide 
by  shaking  the  ester  with  aqueous  ammonia,  but  even  this  eliminates 
hydrazoic  acid.  On  heating  the  ester  with  alcohoUo  potassium 
hydroxide,  the  effervescence  which  characterises  those  componnds  in 
which  the  triaio-gronp  oocapies  the  a-position  in  relation  to  earbonyl 
is  suppressed,  and  the  products  are  hydrasoic  and  acrylie  acids. 
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3-Triazobuianon«-2,  CHg- CO •  C H N3 •  C Hj. 

The  isomeric  chloro-derivatives  of  methyl  ethyl  ketone  required  for 
the  produotioQ  of  the  oorresponding  azoimides  were  prepared  in  the 
mumer  deseribed  by  Kling  (OompL  rmd.,  1905,  140,  312),  but,  on 
finding  that  the  proportion  of  chlorine  oonld  be  largely  increased 
without  perceptible  formation  of  diehloro'deriyatives,  we  used  S60 
grams  of  marble  for  500  grams  of  methyl  ethyl  ketone ;  100  co.  of 
water  were  present  at  the  outset,  and  400  co.  were  added  in  quantities 
of  50  e.a  at  intervals  of  one  hoar,  the  temperature  of  chlorination 
being  40— 60^.  The  produet  having  been  dried  with  sodium  sulphate, 
unchanged  ketone  was  removed  by  fractionating  under  760  mm. 
pressure  with  a  column  of  the  rod-and*diak  pattern,  the  separation  of 
the  chloro-ketones  being  best  conducted  under  reduced  pressure.  The 
yield  of  3-chlorobutanone-2  from  the  above  quantity  of  methyl  ethyl 
ketone  reached  220  grams,  only  70  grams  of  l-chlorobutanone-2  being 
obtained  in  satisfactory  condition  after  five  fractionations  ;  under 
40  mm.  pressure,  llio  substances  boiled  at  IG  and  63'^  respectively. 

Sixty  grams  of  3-chlorobutauone-2  were  shaken  witli  an  aqueous 
solution  of  sodium  azide  containing  40  grams,  rendered  faintly  acid  with 
acetic  acid  ;  after  twcuty-four  liours,  tl»e  heavy  oil  wa'H  extracted  with 
ether,  dried  by  sodium  sulphate,  and  distilled  under  2  mm.  pressure, 
the  yield  being  nearly  quantitative.  The  product  was  again  shaken 
with  the  desiccating  agent  and  redistilled,  boiling  at  46°  under  2  mm. 
pressure,  and  having  specific  gravity  1057  compared  with  water 
at  18°: 

0*0926  gave  28-4  c.c.  of  nitrogen  at  13°  and  771  mm.  N»37'17. 

requires  N  -  37*17  per  cent. 

The  trissobutanone  is  a  colourless,  refractive  liquid,  with  a  sour, 
▼inous  odour,  much  less  irritating  than  that  of  the  ohloro-oom  pound  ; 
it  mixes  with  organic  media,  is  moderately  soluble  in  water,  and  is 
rsadOy  volatile  in  steam.  The  freshly-prepared  substance  is  more 
stable  than  triazoacetone,  and  may  be  kept  in  darkness  during  two 
weeks  without  undergoing  change  of  appearance  ;  ultimately,  however, 
it  becomes  yellow,  this  alteration  being  accelerated  by  exposure  to 
light.  When  dropped  on  a  hot  plate,  it  vaporises  without  ignition  or 
detonation.  Concentrated  sulphuric  acid  decomposes  the  azoimido 
immediately,  as  in  the  case  of  triazoacetone,  vigorous  ellervoscence 
taking  place ;  phenylhydrazine  also  has  marked  action,  but  has  not 
led  to  a  definite  compound. 

Action  of  Alkali. — The  behaviour  of  3-triazobntanone-2  towards 
aqueous  alkalis  recalls  that  of  acetonylazoimide.  The  concentrated 
agent  gives  rise  to  vigorous  liberation  of  gas,  with  development  of  a 
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red  ooloratioa ;  more  dilute  alkali  (2  per  oent.)  furnished  the  nitrogen 
at  a  rate  eonvenient  for  measnrement : 

0-2488  ga^e  43-0  c.c.  of  nitrogen  at  IS''  and  775  mm.    N  =  20-7. 
C^HyON,  requires  2/3  N  =  24  8  per  cent. 

Oo  decomposiDg  a  larger  quantity  of  material,  it  was  easy  to  show 
that  the  above  deficit  of  nitrogen  was  due  to  elimination  of  hydrazoic 
acid,  anil  the  presence  of  an  oxidisable  prodaot  is  indicated  by  the 
action  of  Fehling's  solution.  It  is  noteworthy  that  the  6rst  action  of 
the  alkali  appears  to  be  difsolation,  because,  on  mijong  the  triaio* 
ketone  cautiously  with  a  deficit  of  very  dilute  potassium  hydroxide^  a 
pale  yellow  solution  has  been  obtained  which  is  found  to  contain  the 
asoimide  eyen  after  repeated  extraction  with  ether;  although  the 
presence  of  the  triaao-group  in  this  solution  is  demonstrated  by 
ylgorous  effervescence  with  concentrated  alkali,  an  attempt  to  prepare 
a  benzoyl  derivative  of  the  hypothetical  enolio  modification  was 
unsuocsesful. 

7%§  Smmoofhtuom, — On  mixing  the  triaao-ketone  with  aqueous 
semioarhaside  hydrochloride  in  molecular  proportion  and  adding 
sodium  acetate,  the  semicarbasone  was  predpltated  as  a  paste  from 
which  a  disappointing  yiM  of  crystallised  material  was  obtained; 

this  unsatisfactory  result  must  be  due  to  subsidiary  changes,  because 
free  hydrazoic  acid  was  recognisable.    On  recrystallising  the  drained 

product  from  boiling  water,  followed  by  a  mixture  of  benzene  and 
petroloum,  lustrous,  snow-white  plates  were  obtained,  melting  at  94° 
without  apparent  decomposition : 

0-0810  gave  34  0  c.c.  of  nitrogen  at  16^  and  771  mm.    N  =  50-25. 
G^K^JJH^  requires  N  =  49-41  per  cent. 

The  semicarbaaone  is  a  stable  substance,  easily  soluble  in  common 
media,  excepting  petroleum,  and  moderately  soluble  in  cold  water. 
Ooncentrated  alkali  sets  free  nitrogen  and  eliminates  hydrasoio  add, 
whilst  concentrated  sulphuric  acid  decompoees  it  almost  explosively, 
provided  the  crystals  are  in  proper  contact  with  the  agent  from  the 
outsetb  When  the  triaao-ketone  remains  associated  with  semicarbaside 
during  sevOral  days,  there  is  produced  a  sparingly  soluble  substance 
which  is  probably  the  bis-semicarbasone  dimethylglyoxal  (compare 
this  vol.,  page  S3). 

Actum  of  HydroxylamvM, — Owing  to  the  readiness  with  whioh 
hydraaoic  acid  is  eliminated  from  3-triasobutanone-2,  we  have  failed 
in  attempts  to  prepare  an  oxime.  On  applying  to  this  ketone  the 
process  which  led  to  triazoaoetoxime,  oximation  took  place  very 
readily,  but  hydrazoic  acid  was  eliminated,  and  the  liquid  product, 
although  containing  a  large  proportion  of  the  required  oxime,  gave  a 
quantity  of  nitrogen  almost  5  per  cent,  below  the  calculated  amount ; 
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moreover,  the  colourless  substance  became  dark  yellow  during  twelve 
hours,  spontaneously  liberating  hydrazoic  acid.  Nevertheless,  the 
behaviour  of  triazoacetoxinie  led  us  to  try  the  action  of  p-toluene- 
snlphonyl  chloride,  in  the  hope  that  a  definite  derivative  might  be 
obtainable  ;  the  experiment,  however,  was  unsuccessful,  as,  although 
conducted  in  exactly  the  same  way  as  in  the  case  of  triazoacetoxime 
and  of  l-triazobutaiionoxinie-2  (see  below),  the  oily  product,  even  in 
dilute  ethereal  solution,  spontaneously  liberated  hjdraaoic  acid  and 
did  not  yield  a  crystalline  derivative. 

Oo  treating  the  triaso-ketone  with  excess  of  hydroxylamine  hydro- 
cUoride,  a  small  proportion  of  dimethylglyozime  was  obtained,  easily 
recognised  by  the  brilliant  red,  crystalline  precipitate  which  separated 
on  adding  nickel  sulphate  followed  by  ammonia. 

Seventy  grams  of  the  chlorobutanone  were  shaken  with  fifty  grams 
of  sodium  azide  dissolved  in  300  cc.  of  water  containing  a  few  drops 
of  ^cetie  aeid»  the  intensely  pungent  odour  of  the  halogen  derivative 
being  no  longer  perceptible  after  six  or  eight  hours.  The  oil  was  then 
extiaeted  with  ether,  dried  by  sodium  sulphate,  and  distilled  under 
3  mm.  pressure,  the  major  portion  boiling  at  56^,  and  having  specific 
giftvity  1*084  compared  with  water  at  18^ : 

0*1102  gave  34*4  e.c.  of  nitrogen  at  16°  and  779  mm.    N*  37*82. 
C^HyONj,  requires  N» 37*17  percent. 

In  appearance,  volatility,  and  behaviour  towards  solvents,  the 
"  external  "  azoimide  is  indistinguishable  from  the  "  internal "  deriv- 
ative, but  the  odour  is  faint  and  without  character.  Although  imme- 
diately attacked  by  concentrated  sulphuric  acid,  the  substance  is  more 
stable  than  the  isomeride  towards  light,  becoming  only  faintly  yellow 
in  the  course  of  several  weeks.  Thrown  on  a  hot  plate,  it  takes  hre 
with  a  feeble  detonation,  thus  presenting  a  curious  distinction  from 
the  "  internal  "  azoimide. 

Actum  Alkali. — Qualitatively!  there  is  no  difference  between  the 
two  isomerides  in  regard  to  their  behaviour  towards  alkali,  but^  on 
measuring  the  nitrpgen  evolved,  it  appeared  that  l-triasobutanone>2 
yields  a  slighty  larger  proportion  in  the  elementel  form : 

0-1731  gave  32*0  cc.  of  nitrogen  at  18''  and  781  mm.  N-  22*3. 

C4H7ON3  requires  2/3  N  «  24*8  per  cent. 

The  deficit  from  the  calculated  amount  is  due  to  elimination  of 
hydrazoic  acid. 

T^e  Semiciurbazone. — The  superior  stability  nf  the  *'  oxternal  '*  azo- 
imide is  indicated  also  by  ito  behaviour  towards  semicarbazide ;  this 

«*■ 
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gave  a  quantitiitive  yield  of  the  semicarbazone,  which  was  recrystallised 
from  boiling  water  followed  by  hot  benzene,  the  latter  solvent  depofiit- 
ing  lustrous,  felted,  snow-white  needles  melting  at  101^: 

0*1292  gave  53*2  c.c.  of  nitrogen  at  18°  and  779  mm.  N-49-61. 
OgHi^ON^  requires  N»  49'41  per  cent. 

The  componnd  disaolves  lera  reedily  then  the  isomeride  in  bensene 
and  in  water,  but  ite  behaviour  towards  alkali,  Fehltng'e  eolntion,  and 
snlphoric  aeid  is  that  of  the  "  internal "  triaso-dertvative ;  a  mixtove 
of  the  two  snbetanoes  melted  at  70 — ^75%  and  the  individuals  behave 
alike  on  a  hot-iron  plate,  merely  charring  without  detonation. 

Triazamethyl  Ethyl  Ketoasime,  N3  CH2  C(:N0H)*02H5. 

Ten  grams  of  1 -triazobutanone-2  were  shaken  with  an  aqueous 
solution  of  hydroxjlamine,  prepared  from  7  grams  of  the  hydro- 
chloride and  5  grams  of  sodium  carbonate;  oximation  proceeded 
rapidly,  and  the  (ooduct,  after  extraction  with  ether,  was  dried  during 
two  days  in  a  vacuum  desiccator  containing  sulphuric  add : 

0*1 160  gave  42*6  cc  of  nitrogen  at  2P  and  776  mm.   N  -  43*81. 

C^HgON^  requires  N-»  48*76  per  ceot. 

The  odour  of  the  oxime  resembles  that  of  the  free  ketone,  but  is 
much  fainter.  Dilute  aqueous  potassium  hydroxide  dissolves  the  sub- 
stance without  effervescence,  but,  on  warming  the  solution,  nitrogen  is 
liberated,  whilst  the  liquid  reduces  Fehling's  solution  immediately  and 
yields  hydrazoic  acid  when  acidified. 

The  \y-ToliLenesulphomjl  Derivative. — The  oxime,  dissolved  in 
pyridine,  was  mixed  with  the  calculated  quantity  of  T^-tohienesulphonyl 
chloride  in  the  same  solvent,  but  the  oil  which  separated  on  dilution 
with  water  furnished  a  very  unsatisfactory  yield  of  the  tolueno- 
feulphonyl  derivative.  Hecrystallisation  from  petroleum  gave  lustrous, 
colourless  needles  melting  at  72°,  when  liberation  of  gas  took  place, 
followed  by  an  explosion : 

0*1827  gave  31*2  c.a  of  nitrogen  at  20°  and  776  mm.   K»  20*38. 
CiiHi^OyN^S  requires  K  - 19*86  per  oent 

The  substance  yields  nitrogen  with  alkali  and  with  sulphurio  acid  ; 
although  snow-white  when  freshly  prepared,  it  rapidly  deteriorates, 
and  becomes  brown  in  a  few  days  even  when  protected  from  light. 

BOTAT.  rnT,T,FOT:  OK  SciRNCE,  LoNDOH, 

South  Kknainoton,  S.W. 
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LXII. — A  New  Form  of  Pyknometer. 

By  William  Bobbkt  Bousfibld,  M.A.,  K.C. 

Ttai  volmne  wbieh  a  solute  ooeaiOM  in  a  aolation  is  now  reooj 
giving  a  most  valuable  insight  into  tlie  nature  of  the  solution.  The 
oontraetion  which  takes  place  on  solution  in  water  is  probably  in 
many  cases  the  best  basis  for  the 
estimation  of  the  amount  of  water 
combiuatioQ  which  accompanies 
the  process  of  solution.  Moreover, 
Ttry  exact  quantitative  relations 
often  exist  between  the  varia- 
tions of  such  contraction  for  a 
series  of  dilutions  and  the  corre- 
sponding variations  of  other 
physical  properties  of  the  solu- 
tion.* For  the  accurate  deter- 
mination of  solution  volumes  in 
dilute  solutions,  it  is  necessary  to 
have  density  determinations 
which  are  relatively  accurate 
within  a  unit  in  the  iifth  place 
of  deoimalsy  and  it  is  desirable 
to  be  able  to  attain  such  degree 
of  aoonrsey  with  an  ease  of 
manipulation  which  does  not 
evolve  troublesome  praeantiona. 
It  is  with  the  object  of  meeting 
these  lequiiements,  that  the 
pgesent  form  of  pyknometer  has 
been  designed. 

It  consistt  of  two  tubes,  A  and 
B,  connected  as  shown  by  a 
short  tube,  and  by  a  handle, 
D,  which  serves  to  suspend  the 
apparatus  at  a  suitable  height 
in  a  thermostat.  The  tubes  A 
and  B  are  conical  at  their  upper 
ends,  and  are  joined  by  tubes 

and  F  ot  fine  bore  to  conical  cups  G  and  H,  which  can  be  closed 
by  stoppers  K  and  L. 

*  Seo  BouflSeld  on  "  Ionic  Sizu  in  liclation  to  the  Phjaioal  Prop«rtiias  of  AqiiMNls 
SolatiDn^"  FhU.  Trant.,  1906,  J,  206.  146, 150. 
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To  fill  the  pjknometer,  the  stoppers  K  and  L  are  replaced  by 
stoppers  fttrnisbed  with  suitably  bent  tubes,  one  of  which  is  inserted 
into  the  vessel  containing  the  Uqaid  with  whieh  the  pyknometer  is  to 
be  filled,  whilst  the  other  tube  may  be  eonvenieotly  connected  to  • 
filter  pomp  or  other  exhauster.  The  filling  operation  is  completed  hj 
ponring  a  little  of  the  liquid  into  one  of  the  cupe,  and  sueking  aar  from 
the  other.  • 

The  cups  are  usually  left  partly  filled  with  liquid  until  the  tem- 
perature adjustment  is  attained.  The  ezcees  of  liquid  is  then  sucked 
ont»  and  the  last  portions  removed  by  a  piece  of  filter  paper  screwed  to 
a  fine  point  The  level  is  adjusted  to  marks  on  the  tubes  B  and  F% 
whidi  are  made  jast  where  the  cups  narrow  down  to  the  sixe  tH  the 
fine  bore.  Before  removal  from  the  thermostat^  the  cups  are  wiped 
dry  with  a  suitable  swab  aud  the  stoppers  iuserted.  The  apparatus 
combines  the  following  advantages. 

1.  It  serves  for  determinations  at  temperatures  either  above  or 
below  the  temperature  of  weighing,  and  the  cups,  which  hold  the 
overflow  when  the  liquid  ex|)ands  before  weighing,  can  be  wiped 
dry  so  as  not  to  run  the  risk  of  vitiating  the  observation  by  adherent 
moisture. 

2.  The  apparatus  acts  as  a  very  sensitive  thermometer  when  the 
level  of  the  liquid  has  been  adjusted.  It  can  then  be  left  a  minute 
or  two  longer  in  the  thermostat,  and  an  observation  of  the  level  with 
a  magnifying  lens  indicates  at  once  whether  the  temperature  of  the 
thermostat  has  been  attained. 

3.  The  reduction  of  pressure  in  the  operation  of  filling  tends  to 
extract  some  of  the  air  dissolved  in  the  liquid  and  to  reduce  the 
formation  of  bubblee.  Any  air  bubbles  that  are  present  at  any  stage 
can  be  detached  by  shaking  or  inverting  the  pyknometer,  and  can  be 
readily  expelled  by  sucking  some  of  the  liquid  into  the  cup  on  one 
side  or  the  other. 

4.  The  pyknometer,  although  lights  is  so  strong  that  it  will  bear  some 
amount  of  roagh  handling,  and,  in  particnlar,  it  can  be  wiped  dry 
with  some  vigour,  after  taking  fstm,  the  thermostat^  without  risk  df 

breakage. 

As  an  example  of  the  degree  of  accuracy  of  which  the  apparatus 
is  capable  in  oidiiiary  use,  there  is  appended  a  set  of  densities  of 
nitric  acid  of  normal  btrength  taken  with  two  pyknometers  both 
constructed  as  above  described,  the  total  content  of  pyknometer 
No.  1  being  about  250  c.c.  and  of  pyknometer  No.  2  about 
350  CO.: 
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DmmAiM  of  NurmaH  Nitric  Add* 
DeDsitiet. 


Temp.  Pyk.  No.  1.  Pvk.  No.  2.  Difference. 

4*  1035801  r03579U  6 

11  1*084336  1*084841  -5 

18  1  032435  1  032442  -7 

25  1-030159  1030107  -8 


The  weighings  were  taken  with  only  ordinary  precautions  as  to 
observation  of  temperature  and  barometric  pressure.  The  maximum 
difference  in  the  results  from  the  two  pyknometers  ia  less  than  +  1  in 
tho  lif  th  place  of  decimals. 


LXIII. — Para-  and  Meta-nitrosoacetanilide, 

By  JoHir  Oanmill  Cain. 

TuE  discovery  by  Piloty,  in  1(S98  {Ber.,  31,  456),  that  nitroso-com- 
pounds  can  exist  in  two  uioditicatiorip,  namely,  a  solid,  colourless, 
bimolecular  and  a  liquid,  blue,  uuimolecular,  has  been  confirmed  by 
the  observations  of  several  investigators.  It  is  found  that  the  colour- 
less, bimolecular  form  melts  to  a  blue  liquid  consisting  of  the  uni- 
molecular  modification,  and  also  beoomes  dissociated  in  certain 
solvents,  the  solutions  being  blue  or  green. 

In  the  coarse  of  the  present  investigation,  carried  out  with  the 
object  of  preperiog  j^mtrosoacetaniUdey  which,  unlike  many  analogous 
oompoooday  cannot  be  obtained  from  iy^nitrosoaoetanilide  by  intra* 
molecular  change  (compare  O.  Fischer  and  Hepp,  Btr.f  1887,  20, 
S474)»  the  interesting  fact  was  discovered  that,  whilst  the  compound 
can  be  prepared  in  both  the  unimolecnlar  and  the  Inmolecalar  state, 
both  these  modifications  are  well-defined  solids.  So  far  as  the  author 
ia  aware,  this  phenomenon  has  not  been  previously  observed. 

The  unimoleeular  p-nitroeoaeetanilide  is  obtained  from  alcohol  in 
large,  green  crystals  melting  with  decomposition  at  178°,  and  the 
bimoleoalar  variety  separates  from  water  as  a  white,  microcrystalline 
powder  melting  without  decomposition  at  180 — 181°. 

In  the  caiie  of  m-nitrosoacetanilide,  which  was  nl^o  prepared,  the 
solid,  green,  unimoleeular  modification  is  transformed  in  solution  so 
readily  into  the  bimolecular  form  that  it  could  not  bo  isolated  in  the 
pure  condition.  The  bimolecular  variety  is  yellowish-brown,  and 
yields  green  solutions  in  water,  alcohol,  or  acetic  acid. 
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The  BMthod  of  preparation  of  these  Ditroso-derivatives  was  the  same 
as  that  employed  by  Xjeacha  (Btr,f  ld07,  40,  1086)  for  o-nitrosoacet- 
anilide^  namely,  by  ozidifling  the  correspondiog  moDoacetylphenylene- 
diamine  with  Ouro*B  aoid.  The  occnrrenee  of  a  bimoleeolar  modifica- 
tion of  the  orthossomponnd  was  not  recorded  by  Lenche  or  by  Brand 
and  Stohr  (B»,,  1906,  39,  4086),  who  fiiet  prepared  the  enbstaace  by 
another  method. 

EXPEEIMBNTAL. 

Concentrated  sulphuric  add  (64  grams)  was  stirred  into  potassium 
persulphate  (32  grams),  and  the  mixture  allowed  to  remain  ai  the 

ordinary  temperature  for  one  hour.    It  was  then  poured  on  ice, 

exactly  neuUulised  with  potassium  carbonate  (about  106  grams),  and 
a  few  drops  of  acetic  acid  added.  The  volume  of  the  ice-cold  solution 
was  uljout  1 — 1^  litres,  and  it  contained  107  grams  of  active 
oxygen. 

On  pouring  this  solution  into  a  cold  solution  of  5  grams  of  mono- 
ace  tyl-/>-phenylenediamine  in  about  400  c.c.  of  water,  a  greenish-grey, 
flocciiloiit  [)recipitate  was  formed.  This  was  collected,  extracted  with 
ether,  and  the  grey  solid,  left  after  evajioration  of  the  ether,  was 
crystallised  from  alcohol.  On  cooling,  j»-mtrosoacetanilide  (about 
1  gram)  separated  in  stout,  green  plates,  melting  at  173*^  with  decom- 
position : 

0*1208  gave  18  c.c  of  nitrogen  at  19P  and  748  mm.   N  ->  17*24. 
OsHgOsN,  requires  Kb  17*10  per  cent 

p-iVtffWfoaoslcmtitds  gives  liebermann's  reaction,  and  is  readily 
soluble  in  alcohol  or  glacial  acetic  add,  very  sparingly  so  in  water, 
and  insoluble  in  benzene.    It  dissolves  in  aqueous  caustic  alkalis  with 

a  yellow  colour,  and  the  solution,  on  heating,  evolves  ammonia. 

In  one  experiment,  in  which  the  ox;  I'liion  of  the  same  weight  of 
monoacetyl-/>-phenylenediamiue  was  Ciirried  out  by  using  less  potass- 
ium persulphate  (26'3  grams),  in  addition  to  /^nitrosoacetanilide 
there  was  also  i.solated  a  substance  insoluble  in  ether,  but  soluble  with 
a  red  colour  in  alcohol,  separating  from  the  latter  in  yellow  needles, 
which  proved  to  be  4  :  4r'-diacetyldiaminoazobenzene  (Mixter,  Amer, 
Chem.  J.,  18{>3,  5,  282).  In  an  experiment,  using  excess  of  per- 
sulphate (40  gramtf),  a  small  quantity  of  j^>nitroacetanilide  was 
detected. 

On  adding  wa'er  to  the  alcoholic  mother  liquors  from /?-nitro6oacet- 
anilide,  nearly  colourless  cryriLals  were  obtained,  which  were  quite 
different  in  habit  from  the  £rst  crop.    On  recrystallisation  from  hot 
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water,  these  separated  in  the  colourless  conditioii,  but  they  gradually 
acquired  a  pale  green  tinge  when  dried  between  filter  paper.  The 
sabetaDoe  melts  at  180— 181'^  without  decompositioo,  gives  Lieber- 
mann's  reaction,  and  evolves  ammonia  on  beating  with  aqueous 
potassium  hydroxide : 

0  1359  gave  19-6  c.c.  of  nitrogen  at  18"^  and  768  mm.    N  =  17  X8. 
C^Hj^O^N^  requires  N«  1710  per  cent. 

hU'^JfUrwoaeskmUid§  is  readily  soluble  in  aloohol  or  ghusial  acetic  ' 
add,  and  moderately  so  in  hot  water,  being  much  more  soluble  in  the 
latter  solvent  than  is  the  unimdeeubtr  compound ;  it  is  insoluble  in 
beniene.  Its  formation  from  p-nitrosoaoetanilide  is  readily  demon- 
strated by  boiling  the  latter  with  a  little  water  in  a  test-tube,  when, 
on  eooling,  a  white,  mierocrystallioe  powder  of  the  bimoleeulsr 
eompound  coUeets  above  the  ean»ss  of  the  green,  unimolecular  modi- 
fication. 

As  was  to  be  expected  from  the  green  colour  of  the  solution  in 
glacial  acetic  acid,  the  subiitanco  was  found,  by  a  cryoscopic  deter- 
mination of  the  molecular  weight,  to  be  dissociated  in  this  solvent. 

This  was  obtained  from  monoacetyl-w-phenylenediamine  in  exactly 
the  same  way  as  described  for  the  para-derivative.  The  base  was 
prepared  by  acetylating  7n-phenylenediamine.  Instead,  however,  of 
isolating  the  free  base,  the  hydrochloride  was  crystallised  from  hot 
water,  the  dry  substance  dissolved,  neutralised  with  potassium 
hydroxide,  filtered,  and  the  filtrate  titrated  with  ^/2-fiodium  nitrite. 
Par  the  oxidation,  the  requisite  amount  of  the  solution  was  used.  On 
mixing  this  solution  with  the  Oaro's  acid,  a  yellowish- brown  coloration 
was  observed.  The  ethereal  extract  was  green,  and  when  moderately 
dilute  left  a  residue  partly  green  and  partly  yellowish-brown,  the 
former  evidently  oonsisting  of  the  unimolecnlar  modification  of  the 
nitroso-compound.  When,  however,  more  concentrated  ethereal  solu- 
tions were  allowed  to  stand,  the  bimoleonlar  variety  was  gradually 
formed  and  crystallised  out.  Hence  it  was  not  found  practicaUeto 
isolate  the  unimolecular  form  in  the  pure  state. 

On  crystallisation  from  alcohol,  pale  yeliowish-brown,  microctystal- 
line  needles,  melting  at  111%  separated  on  cooling.  The  colour  was 
not  changed  by  repeated  crystallisation.  From  analogy  to  the 
numerous  examples  in  the  literature,  there  can  be  little  doubt  that 
these  consisted  of  tho  bimolecular  form.  As,  however,  the  substance 
is  insoluble  in  the  ordinary  ludiiicicuL  bol vents,  the  molecular  weight 
in  slich  solvent  could  not  be  determined.    An  estimation  in  glacial 
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acetic  acid  sliowed  that  the  substance  was  oompletely  diiwooiatCKi  to 
the  unimolecular  form  ia  this  BolTont : 

0*097  gave  14*5  c.c.  of  mtrogen  at  16*5*^  and  742  mm.  17*29. 
CigHjgO^N^  reqaira  N- 17*10  per  cent. 

hiB^m-yUroBocMtanUitU  gives  Liebermann'e  reaetton,  is  readily 
Kolublo  in  alcohol,  glacial  acetic  acid,  acetone,  or  hot  water,  with  A 

green  colour,  but  insoluble  in  ether,  benzene,  or  light  petroleum. 

'i'iie  Mibstaiice  does  iiol  di.^solvu  in  caustic  alkalis,  aud,  on  heating,  no 
ammouia  could  bu  detected. 

Sir  William  Ramsay's  kindness  in  allowing  me  to  carry  out  this 

work  at  University  College  is  here  gratefully  acknowledged. 

Ukivkksity  Collbob, 

LONOON. 


LKIV. — The  Constitution  of    Tkiocyaruites''  containing 

an  Mectronegativc  trroup. 

By  AtrousTUB  E.  Bizon  and  Jomt  Tatlob. 

So  long  ago  as  1884,  Gebhardt  noticed  (5«r.,  17,  2088)  the  ease  with 
which  certain  triaubsiituted  thiocarbamides  are  disaodated  into  thio- 
carbimide  and  secondary  amine,  a  change  induced  even  by  distillation 
in  a  current  of  steam.  Curiously  enough,  heat  seems  to  be  somewhat 
variable  in  its  effect,  for  whilst  a6-diphenyl-a-methylthiooarbamide  by 
dry  distillation  is  resolved  into  its  constituents,  namely,  pheoylthiocarb- 
imide  and  methylanilioe,  yet,  on  the  other  hand,  if  these  are  bcnled 
together  under  a  reflux  apparatus,  they  unite  to  form  the  trisabstitated 
thiocarbamide. 

As  a  rule,  no  difficulty  was  encountered  in  producing  the  thio- 
carbamides, compounds  being  obtained  of  phenylthiocarbimtde  with 
methyl-  or  ethyl-aniline,  of  jo-tolylthiocarbimide  with  the  aame  two 

amines,  and  of  a-naphth>  Ithiocarbimide  with  methylaniline. 

l)i{)lienyl)imine,  however,  proved  an  exception  ;  thus,  it  failed  to 
unite  with  plienylthiocai  Ijimide  either  directly  or  when  the  two 
substances  were  heated  together  for  a  whole  day  in  boiling  cumene  at 
165°.  Nevertheless,  when  they  were  heated  for  several  days  in  a 
sealed  tube  at  280°,  the  product,  a  d  irk  red  oil,  yielded  ti-aces  of  a 
yellow,  crystalline  material,  which,  after  purification,  melted  at  152°, 
and  was  ideiititieil  as  triphenylt luocarbamide.  Further,  Gebhardt 
could  not  obtain  from  dipheuylamiue,  by  means  of  potassium  cyanaie 
or  thiocyauute,  the  corresponding  urea  or  thiocarbamide ;  Miquel,  too. 
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has  placed  on  record  the  failure  of  an  attempt  to  combine  this  base 
with  benzoylthiocarbimide  [Ann.  Chim.  Phi/8.,  1877,  [v],  11,  346). 

Subsequently,  E.  A.  Werner  mentioned  in  a  brief  note  (Proc, 
1892,  8^  96)  thit  aanliphenylthiocarbamide  may  be  obtained  through 
the  isomeric  rearrangement  of  di  phenyl  amino  thiocyanate. 

Since  Qebhardt'e  paper  was  published,  no  further  attempt  seems  to 
haTie  been  made  to  combine  diphenylamine  with  tbiocarbimides ; 
perhaps  becauee  his  results  did  not  seem  ^ery  enoonragiDg. 

It  ooenrred  to  ns,  however,  that  the  aoyl  "thiocyanates"  or  "  thio- 
esrinmidee*"  being  very  aettve  subatanoes,  might  possibly  be  able  to 
miits  with  this  rather  inert  baee,  end,  on  patting  the  conjectoreto  the 
test  <tf  experiment^  we  found  that  combination  ooeurs  very  readily,  and 
often  with  the  development  of  much  beat.  These  reactions  f urnitth  the 
means  of  obtaining  a  new  series  of  substituted  thlocarbamides, 
isomeric  with  the  known  forms  having  two  aryl  radicles  symmetrically 
distributed  between  the  two  nitrogen  atoms,  that  is,  the  substituted 
thiocarbaiiilides  and  their  strict  congeners.  For  the  purjK)se  of 
comparison,  aud  to  test  the  generality  of  the  reaction,  we  have  now 
prepared  sevei-ai  members  of  the  aa-diphenylated  class,  which  are 
described  later. 

Concurrently  with  these  syntheses,  we  have  taken  tlie  (Opportunity 
to  prepare,  in  a  more  or  less  pure  condition,  certain  acyl  "thio- 
oarbimides,"  and  have  determined  for  the>e  substances  some  of  the 
physical  constants  and  chemical  properties  which  appear  to  bear  upon 
the  subject  of  their  chemical  constitution . 

Boiling  points  were  taken  by  means  of  short  A  nschlitz  thermometers, 
divided  into  fifths  of  a  degree,  the  thread  of  mercury  being  totally 
immersed  in  the  vapour ;  densities,  either  by  a  Westphal  balance  with 
6  CO.  plummet,  or  by  a  Sprengel's  pyknometer,  containing  about 
7*5  0.0.;  the  indices  of  refraction  were  measured  by  means  of  a 
Mfiieh  total-reflectometer,  reading  directly  to  0*5^  of  arc^  and  by 
vernier  to  single  minutes.  Sodium  light  was  employed,  the  molecular 
tefeaotionsy  Mp,  being  oaloulated  from  the  formula 

V 

where  /aj,  =  refractive  index  for  the  D-line  at  t°,      molecular  weight, 

and      =  specific  gravity  at  the  observed  temperature  ft  referred  to 

water  at  4°.    Where  atomic  refractions  are  used  for  the  purpose  of 
calculation,  the  values  are  taken  as  follows  : 

,  C-5'1 ;  H-1-3J  0:«3'4i  'O'-S-l. 

z  z  2 
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Aeeljfl  TMoeffonate. 

When  Miquel  lh\st  obtaiued  {ioc.  ctL,  295)  from  acetyl  chloride  and 
lead  thiocyanate  a  substance,  CH3'C0(CNS),  he  judged  from  the  fact 
of  its  yielding  with  water,  acetic  and  thiocyanic  acids,  but  little  carbonyl 
sulphide,  that  it  must  necessarily  be  acetyl  thiocyanate,  Cflg'CO'SCN, 
a  view  consistent,  moreover,  with  its  mode  of  formation.  But  the 
corresponding  benzoyl  compound,  which  combined  with  ammonia, 
aniline,  and  so  on,  to  form  substituted  thiocar  bam  ides,  and  which,  on 
treatment  with  hot  water,  rapidly  gave  carbonyl  sulphide,  but  no 
material  amount  of  thiocyanic  acid,  he  naturally  classed  as  a  thio- 
carbioiide.  Cousoquontly,  on  tinding  that  acetyl  thiocyanate  yielded 
with  ammonia  nothing  that  could  certainly  be  recognised  as  aoetyl- 
tbiocarbamide,  but,  on  the  other  hand,  gave  acetylphenylthiocarbamida 
wlien  mixed  with  aniline^  be  felt  compelled  to  vegsLtd  the  latter  n- 
action  aa  **  abnormal." 

Many  homologues  of  acetyl  thiocyanate  have  since  been  obtained  by 
a  similar  method,  and  shown  to  possess  the  same  abnormal  or  tbio- 
carbimidic  properties,  especially  when  treated  with  particular 
materials  er  under  particular  conditions. 

If  that  behaviour  of  acetyl  thiocyanate "  which  resolte  in  the 
separation  of  its  constituents  into  CHg*CO*  and  *SCN  be  considered 
"thiocyanic,"  its  direct  anion  with  aloohols,  aminee,  dtc,  being 
regarded  as  *'  thiocarbimidio,"  acetyl  thiocyanate  acts  normally  both 
as  such  and  as  a  thiocarbimide.  For  instance,  it  has  been  shown  by 
Dixon  and  Hawthorne  (Trans.,  1905, 87, 468)  that  when  aniline  ads  on 
acetyl  thiocyanate,  the  productat  high  temperatures  consists  mainly  of 
acetylphenylthiocarbamide,  whilst  at  low  temperatures  little  Is  foinmd 
save  aniline  thiocyanate  together  with  acetanilide ;  at  Intermediate 
temperatures  both  processes  run  concurrently,  the  distribution  of  the 
sulphur  into  thiocyanate  and  thiocarbamide  becoming  equal  in  the 
neighbourhood  of  8(P.  Further,  it  was  shown  that  if  previously  to 
interaction  at  a  given  temperature  the  thiocyanate  was  heated  to  a 
higher  point  and  then  cooled,  the  result  as  regards  distribution  of  the 
sulphur  was  the  same  as  if  the  preliminary  heating  had  been  omitted  ; 
so  that  if  heating  conditioned  change  of  the  thiocyanate  into  the 
isomeric  thiocarbimide,  such  change  must  be  temporary  only,  that  is, 
revei>iblo  with  alteration  of  temperature. 

Following  up  these  ol)>ervations,  Hawthorne  (Trans.,  1906,  89, 
536)  obtained  acetyl  thiocyanate  in  a  highly  purified  condition,  and, 
having  veritied  that  it  possesses  a  constant  boiling  point,  ascertained 
that  the  molecular  refractive  power  undergoes  no  change  when  the 
substance  in  examined  at  widely  varying  temperatures,  from  which  it 
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follows  that  isomeric  change  of  the  CNS  group  does  not  occur  in  these 
circumstances.  Moreover,  he  found  that  tho  molecular  refractive 
power  of  this  group,  whilst  diverging  considerably  from  that  measured 
tm  <sertaiii  known  thiocyanates,  agreed  closely  with  the  value  deter- 
mined experimentally  for  a  number  of  undoubted  tbiocarbimides ; 
benoe  he  concluded  that,  so  far  as  this  static  method  may  be  relied 
on,  acetyl    thiocyanate  **  is  really  a  tkiocarbimide,  OH^*CO*NCS. 

Pkopionylthiocarbimide  gave  witb  aniline  results  very  similar  to 
those  with  acetyl thiocarbimide,  but,  when  the  latter  was  combined 
with  o-toluidine,  the  percentage  of  sulphur  forming  aoetyl-^toiylibio- 
carbamide  was  much  higher  than  with  aniline. 

It  may  fairly  be  oondnded  from  these  results,  that  the  thioc^anic 
or  thiocarbimidio  power  of  acetyl  "  rhodanide"  is  not  inherent  in  the 
molecule,  but  is  determined  by  external  factors.  Whatever  the  con- 
stitution of  acetyl  rhodanide  may  be,  whether  thiocyanate  or  thio- 
wbimide,  the  substanoe^  notwithstanding  the  apparent  vagaries  in 
its  chemical  behaviour,  in  respect  of  physical  properties  is  plsinly  a 
definite  compound.  Since  a  thiocyanate  could  not  give  the  additive 
compounds  yielded  by  this  substance  and  by  its  strict  congeners, 
we  consider  that  they  must  henceforth  be  regarded  as  thiccarb- 
imides.  That  this  view  does  not  conflict  with  the  production,  in 
many  reacticns,  of  thiocyanic  add,  we  propose  to  establish  by  showing 
that,  under  suitable  treatment,  various  other  acyl  thiocarbimides, 
compounds  the  thiocarbimidio  behaviour  of  which  is  so  clearly  marked 
that  no  doubt  is  entertained  regarding  their  constitution,  may  be 
caused  in  like  manner  to  decompose  with  productiou  of  thiocyauic  acid. 

The  statement,  made  above,  that  acetyl  thiocyanate  could  not  give 
certain  additive  compounds  requires  explanation.  Acetylthiocarb- 
amide  is  formed,  according  io  Nencki  {Ber.j  1873,  6,  599),  from 
tliioacetic  acid  and  cyanamide ;  here,  the  acetyl  group,  combined 
iniLially  witb  sulphur,  is  found  ultimately  attached  to  nitrogen : 

OH,-CO-SH  +  CN-NH,«CH8-CO-NH-CS-NH2. 
In  this  case,  probably  the  compound  CH3*CO'S*C(^NH)*NH2  is 
first  formed,  the  acetyl  group  then  migrating,  either  directly  or  in 
exchange  for  hydrogen,  to  a  nitrogen  atom.  Such  movement  of  the 
acyl  group  from  sulphur  to  nitrogen  has  now  been  observed  in  many 
cases  (see,  for  example  Dixon  and  Hawthorne,  Trans.,  1907, 91, 122 ; 
Dixon  and  Taylor,  iW.,  912;  1908,  93, 18),  so  that  with  ammonia 
the  action  might  be  conceived  to  run  thus  : 

Ac-SCN  +  NHj  =  AcS-C(:NH)-NH2  — > 

HS-C(:NAc)-NH^  — >  AcJSH-CS-NH,. 

But  in  the  case  of  union  with  aniline,  if 

Ac-SCl^    Phl<Ha  -  AoS-U(:KH)-NHPh 
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and  the  acetyl  group  now  migrates,  yielding  the  actual  product, 
namely,  AcNII-CS'NHPh,  iL  is  not  easy  to  understand  why  this 
group  should  pass,  at  very  moderate  temperatures,  to  the  non- 
phenjlaCed  nitrogeo  atom,  seeing  tliat  when  the  compotmd 

AcS-C(:NH)'lsHPh 
is  liberated  from  the  corresponding  hydrochloride  (Dixon  and 
Hawthorne,  loc.  cit.)  the  acetyl  group  goes  to  the  other  nitrogen, 
yielding  AcPhN'CS'NHj,  a  compound  sufficiently  stable  to  be  recrys- 
tallised  from  boiling  alcohol  without  undergoing  change  to  the 
symmetrical  form.  But  in  any  case  it  is  unnecessary  to  labour  this 
point,  since  the  following  obeervations  are  inoonsisteot  with  the  view 
that  aoetyl  rhodanide  is  a  true  thiocyanate. 

Pure  acetylthiocarbimide,  when  boiled  with  dilute  caustic  alkali, 
dissolved  rapidly,  with  evolution  of  ammonia  and  production  of  alkali 
earbonate ;  one  portion  of  the  resultant  clear  liquid,  when  acidified 
and  treated  with  ferric  chloride^  gave  the  reaction  for  thiocyanic  acid ; 
,  the  other  gave  with  lead  acetate  a  copious  precipitate  of  lead  sulphide. 
But  solution  of  lead  thiocyanate  In  caustio  alkali  did  not  darken  when 
boiled,  nor  was  ammonia  evolved;  neither  did  pure  sodium  thio- 
eyanate^  when  boiled  with  alkaline  lead  tartrate,  yield  these  reaetione; 
even  ammonium  thiocyanate  (which  might  conceivably  have  changed 
to  thiourea)  suffered  no  desulpburisation  under  this  treatment. 

It  is  not  easy  to  understand  how  true  acetyl  thiocyanate,  if  decom- 
posed into  acetic  and  thiocyanic  adds,  could  have  afforded  the  results 
deeeribed.  But  if  acetylthiocarbimide  Is  undergolog  hydrolysis,  a 
portion  may  escape  the  dissociation  into  acetyl  and  *NOS,  undergoing 
instead  the  usual  thiocarbimldic  change  Into  oarbonyl  sulphide  (which 
would  account  for  the  desulphunsation)  and  the  amido-compouod, 
acctaniide,  the  further  hydrolysiw  of  which  would  yield  ammonia. 

Wheeler  and  Merriam,  on  the  other  hand,  consider  that  the 
production  of  metallic  sulphide  by  the  action  of  boiling  caustic  alkali 
on  a  rhodanide  cannot  bo  regarded  as  evidence  of  its  having  a 
thiocarhimidic  constitution,  giving  in  support  of  this  view  the  fact 
that  benzyl  thiocyanate  gives  the  reaction  mentioned  (J.  Amer.  Chem. 
Soc.t  1901,  23,  285).  Benzyl  thiocyanate,  however,  is  somewhat 
readily  transformable  by  heat  into  the  isomeric  thiocarbimide,  which 
may  possibly  be  the  reason  for  the  phenomenon. 

There  are,  in  fact,  no  decisive  reasons  for  supposing  any  of 
the  acyi  rhodanides  to  be  thiocyanates.  In  certain  circumstances,  no 
doubt,  their  decomposition  products  contain  free  or  combined  thio> 
cyanic  acid,  but,  as  this  property  is  not  generally  manifested  by 
organic  thiocyanates,  its  display  by  certain  aoyl  derivatives  can  scarcely 
serve  to  correlate  them  with  that  class  of  compounds.  Secondly,  it  is 
reasonable  to  suppose  that  highly  eleotronegativo  ladiolsa  have  but  a 
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feeble  hold  on  tlie  ONS  group ;  hence,  if  these  two  become  separated, 
and  H'NOS  cannot  exist  as  such,  the  rhodanic  groap,  unless  decom- 
posed, must  aeoeesarilj  be  found  as  H*BGK,  no  matter  how  it  was 
attached  originally.  That  the  union  of  B«CO*  with  nitrogen  is 
much  more  easfly  broken  than  that  of  R'CII^*  is  shown  by  the 
different  behaviour  with  alkali  of  CHg-CH/NH,  and  of  CH^-CO-NH,, 
the  latter  being  readily  hydrolysed  into  acetic  acid  aud  aiiuuonia.  If 
now  the  group  CS  be  substituted  for  the  hydrogen  of  the  NII^ 
group,  the  products  being  CH^'CH,'NCS  and  CH./CO-NCS  respec- 
tively, it  miglit  be  anticipattd  that  these  two  wouhl  present  some 
corresponding  difference  in  their  resisfance  to  hydrolysis. 

In  the  third  place,  amongst  aryl  rhodanides,  this  "  thiocyanic " 
behaviour  is  rarely,  if  ever,  displayed  to  the  exclusion  of  "  thio- 
carl)imidic."*  Thus,  with  acetyl  rhodanide  and  o  toluidine,  the  yield  of 
dieubstituted  thiocarbamide  even  at  12°  was  nearly  74  per  cent,  of  the 
theoretical  for  a  thiocarbimide,  and  at  85°  reached  niore  than  d6  per  cent. 
(Hawthorn^  loe.  cit.).  With  the  homologues  it  is  the  same ;  thus, 
propionyl  and  tsobutyryl  rhodanides  (Dixon,  Trans.,  1896,  69,  855), 
valeryl  rhodanide  (ibid.^  1895,  67,  1040),  caproyl  rhodanide  {ihid., 
1904,  85,  807),stearyl  and  palmityl  rhodanides  (i6{(l.,  1896, 69, 1593), 
and  phenacetyl  rhodanide  {ibid,,  857)  gave  with  various  aryl  baizes 
yields  of  thiocarbamide  varying  from  60  to  nearly  100  per  cent,  of  the 
theoretical. 

Acetyl  rhodanide,  in  fact,  may  display  thiocarbimidio  power  even 
in  circumstances  where  phenyl-  or  allyl-thiooarbimide  does  not,  for, 
according  to  our  experience,  neither  of  these  substances  is  dispopcd  to 
unite  readily  with  diphenylamine,  whereas  the  first  named  combines 
with  it  at  once. 

Aeetylthiocarbimide  and  Diphenylamine. — A  solution  of  the  thio- 
carbimide was  prepared  by  boiling  acetyl  chloride  in  benzene  with 
dry  lead  thiocyanate,  and  filtering  off  the  lead  salts  j  to  thi.s,  while 
hot,  was  added  diphenylamine,  dissolved  also  in  boiling  betizene. 
There  was  vigorous  action,  and  from  the  solution,  on  coolinfr,  yellow 
crystals  were  deposited,  which,  after  t  wo  rcct  ystallisatious  fioin  spiiit, 
foimed  long,  cream-coloured  needles,  melting  at  141°  (coi  r.).  Ap.irt 
from  what  remained  in  the  mother  licjuor,  the  yield  of  crude  product 
amounted  to  90  per  cent,  of  the  theoretic?il,  calculated  from  t  he  equation ; 
CHg-C0-]SJCS  +  (C^H5)jNH  =  CH,-C0-Nli-CS-N(C,H,V 

•  There  is  no  reason  to  tiuppose  that  the  dual  behaviour  of  ucetyl  rliodaiiide  as 
thiocyanate  and  thiocarbiniidf  s  multanfnnsly  is  duf  to  tlie  breaking,  during  inter- 
action, ol  a  complex  molecule,  {A.c'L  'S^\,,  intn  siinj»Kr  ooiupoiieut-s  of  diilVrrnt 
coustituti  >n,  because  not  ouly  is  the  niudtratu  l>oiliug  [loiut  iiicoDbisteut  with  buch 
a  view,  but,  in  addition,  the  molecular  weight  of  a  rtctifi«d  speciman,  when  deter- 
mined  by  Hoftauum's  method  in  a  steam -jacket,  was  found  to  be  104,  whilst  the 
oilealated  ttlns  for  OtHiO'CNS  is  101. 
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The  produet  was  nearly  insolable  in  water,  slowly  and  rather 
sparingly  soluble  in  hot  alcohol,  and  was  gradually  desnlpharised  by 
boiling  with  ammoniacal  atlTer-  nitrate.  When  boiled  with  alkaliiie 
eolation  of  lead,  it  seemed  at  first  to  undergo  no  change,  but,  on  coo- 
tinned  heating,  or  by  the  use  of  concentated  alkali  (1 : 2-5),  the 
mixture  was  blackened,  with  formation  of  lead  sulphide.  In  respect 
alike  of  fusibility  and  of  its  relations  to  lead  and  pilver  salts,  this 
compouud,  a-acetyl-66-diphonylthiocarbamide,  is  distinguished  very 
sharply  from  its  isomeride,  a-acetjl  a6  diphenylthiocarbamide, 
AcNPh'CS'NHPh,  a  substance  melting,  according  to  Deninger  (5«r., 
1895,  28,  1322),  at  91°,  and  according  to  Hugershoff  {Ber.,  1899,  32, 
3655)  at  96° ;  according  to  our  observations,  the  latter  is  desulphor- 
ifiod  with  ease  by  these  metals,  and  melts  at  96° 

Action  of  Caustic  Alkali  on  a-Acetyl-hh-dipfieni/llhiocarbamiJe. — A 
quantity  of  the  pure  substance,  dissolved  in  alcohol,  was  heated  for  an 
hour  on  the  steam-bath  with  exactly  one  equivalent  of  sodium  hydr- 
oxide ;  after  standing,  the  resultant  clear  solution  deposited  white 
crystals,  the  liquor  from  which  contained  sodium  acetate.  When  re- 
ciystaUised  from  alcohol,  the  solid  formed  large,  brilliant,  flattened 
prisms,  melting  with  effenresoence  to  a  green  liquid  at  206 — 207^  or 
212 — ^213**  (corr.).  Both  this  and  the  foregoing  eompound,  when 
heated  with  sulphuric  add  and  a  trace  of  nitric  acid,  yielded  the  blue 
diphenylamtne  reaction,  and  were  attacked  almost  explosively  by  warm 
nitric  add,  the  resultant  mixture  giving  with  excess  of  caustic  alkali 
a  fine,  rose-scarlet  coloration.  The  compound,  when  dissolved  in  cold 
alcohol,  yielded  with  ammoaiacal  nitrate  of  diver  an  immediate  black 
predpitate,  but  was  desulphurised  by  alkaline  lead  salts  only  when 
the  flolu^on  was  evaporated  to  a  high  concentration. 

That  the  above  product  was  oa-diphenylthiocarbimide  was  made 
certain  by  digesting  it  with  acetic  anhydride  on  the  steam-bath ; 
from  the  resultant  solution,  on  treatment  with  alcohol,  white  crystals 
wore  deposited,  melting  at  precisely  the  same  temperature  as  the 
preceding  a  acetyl-66-diphenylthiocarbamide,  and,  when  these  two 
were  mixed  in  equal  proportion,  the  melting  point  of  the  mixture  was 
unchanged. 

The  melting  point  given  by  Werner  (lor.  n't.)  for  oa-diphenyltliio- 
carbamide,  namely,  198'^  (presumably  uncorr  ),  appears  therefore  to  be 
somewhat  low.  According  to  our  observations,  the  subst&noe  when 
prepared  from  diphenylamine,  hydrochloric  add^  and  ammonium 
thiocyanate  had  a  ydiow  colour ;  when  this  was  removed  by  a  few 
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reerjBtallisatioiis  from  aloohol,  unng  animal  eharooal,  it  melted  at  the 
same  temperature  as  the  pveceding  eompoandi  and,  when  the  two 
were  mixed  in  eqoal'  weights^  the  melting  point  remained  unaltered, 
at  206 — ^207^  (nnoovr.).  The  temperatnre  of  melting  depends,  how- 
ever, to  8om%  extent  on  the  rate  of  heating,  a  fact  due,  prohahly,  to 
the  oeenrrenee  ci  more  or  less  preliminary  deoompoeit  ion,  for  if  the 
rate  he  verj  slow,  a  distinct  green  coloration  is  yisihle  before  melting 
takes  place. 

Aeiion  of  Bmi  on  tk-Aeetyi-hMipheyiylthioearhamitU. — A  particular 
interest  was  attached  to  the  decomposition  of  this  substancf>  by  heat, 
since  by  dissociation  into  its  constituents  it  must  necessarily  yield 
acetylthiocarbimide,*  a  compound  the  properties  of  which  may  be 
compared  with  those  of  the  acetyl  "  thiocyanate  "  resulting  from  the 
interaction  of  acetyl  chloride  and  a  metallic  thiocyanate. 

Thirty  grams  of  the  recrystallisod  thiocarbamidc  were  distilled  in  a 
vacuum,  the  distilling  flask  being  immersed  in  an  oil-bath  at  about 
170°;  the  oily  product,  when  roctitied,  formed  a  clear,  straw-yellow 
liquid,  boilinj^  at  30 — 32°  uuder  9 — 10  mm.  pressure.  This  substance 
had  the  appearance  and  pungent  odour  of  acetyl  "  thiocyanate  "  ;  it 
was  rapidly  hydrolysed  by  water  into  acetic  aud  thiocyanic  acids, 
gave  with  alkaline  lead  and  silver  salts,  mixtures  of  sulphide  and 
thiocyanate,  and,  in  short,  behaved  in  every  respect  like  ordinary 
acetyl  thiocyanate."  The  various  boiling  points  that  have  be^en 
observed  for  the  latter  in  difiPerent  preparations  are  :  42*25 — 4:3'^/ 
23  mm.  (Hawthorne,  loc.  cit.),  38-25719  mm.,  37°/17  mm.,  60°/ 
3i  mm.;  if  these  and  the  above  (say,  31°/ 9  5  mm.)  are  plotted  on  a 
carve  of  equal  lengths  for  degrees  aud  mm.,  the  five  points  lie  within 
thelimiteof  experimental  error  .  (I  mm.  in  the  gauge-reading)  on  a 
straight  line.  Further  confirmation  of  the  identity  was  afforded  by 
the  index  of  refraction,  fio »  which  measured  1*5237  at.  15^,  whilst 
for  acetyl  *<  thiocyanate"  Hawthorne  found  at  18*4*"  the  value  1*5232. 

The  above  results  are  concordant  with  those  obtained  in  anothei* 
similar  experiment,  where  o-acetyl-M-phenylbenzylthiocarbamide  was 
employed  (Dixon,  Tkans.,  1906,  89,  908),  but  in  the  latter  case  the 
physical  properties  of  the  oil  were  not  subjected  to  measurement. 

It  has  been  mentioned  above  that  acetylthiocarbimide  and  its 
congeners  gave  with  most  aryl  bases  good  yields  of  substituted  thio- 
carbamlde.  But  with  water,  much  thiocyanic  acid  was  always 
produced,  and  with  ammonia,  bensylamine,  phenyl hydrasine,  and 
piperidine  the  yields  of  thiooarbamide  were  poor  or  almost  nothing, 
and  the  like  was  true  with  respect  to  suoeinyldithiocarbimide  (Dixon 
and  Doran,  Trans.,  1895,  67,  573).  Apart  therdfore  from  high 
temperature,  which  may  be  a  very  important  factor  in  determining 
*  Because  the  acetyl  group  ia  attached  directly  to  nitrogen. 
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the  dueetion  of  cbange^  it  would  seem  that  what  tends  to  hinder  thio- 
carbamidie  union,  and  eimiiltaneoiuly  to  facilitate  thioeyanie  decom- 
poeitaon,  is  the  use  of  water,  alkalis,  or  aUcatine  bases. 

Benzoylthiocarbimide,  • 

This  Bubetanoe  was  prepared  by  heating  together  bensojl  chloride, 
diluted  with  bensene^  and  excess  of  dry  lead  thiooyanate ;  when  the 
clear  liquor  ceased  to  give  the  reaction  for  chlorine,  the  lead  salts  were 
removed  by  the  aid  of  the  pump^  and  the  filtrate  was  fractionated  under 
diminished  pressure. 

A  sample,  thrioe  rectified,  formed  a  clear,  almost  colourless  oil, 
boiling  at  119°  under  10  mm.  pressure.  Its  density  at  \S'Z°/i°  was 
1*2142,  a  figure  Romewhat  higlier  than  that  given  by  Miquel  (loc.  cit.), 
who  found  1107  at  16^;  tlie  index  of  refraction^ for  the  Z>  line  was 
1-6382  at  18-3°,  whence  Mi)  =  85-7. 

This  nioleciiliir  refr.icLion,  like  that  of  all  otlier  cyclic  thiocarbimides 
hitherto  exauiiiicd,  being  much  higher  than  the  figure  calculated  by 
summing  the  atomic  refiactions,  was  compared  with  the  values  experi- 
mentally detci  mined  for  plienylthiocai  bimide.  Tlie  figures  for  the  latter, 
according  to  Nasini  and  iScala  {jGazzetia,  1866,  16,  70),  &re/t|,»  1*6492 

at  28-4^  and  <2H^sl*129,  whence  Mo»77-6 ;  according  to  Berliner 

{Inaug.  Di$9.,  Breslau,  1866),  /zi>»l*6S088  at  20»  and  d:^«  1*1831, 

whence  M„  =  77*55  ;  if  to  77  6  be  added  the  refraction- value  of  CIO, 
namely,  51  -1-3*4,  or  8  5,  the  tob4  for  U^H^-CO-NCS  is  86*1,  a  figure 
differing  by  less  than  0*6  per  cent,  from  that  determined  above  for 
benzoyltbiocarbimide,  namely,  85*7. 

Compel  ispn  with  o-tolylthiocarbimide,  C^U^'KCS,  gave  a  similair 

16° 

result,  the  figures  being  /x^b  1*6395  at  16^  and  (i_.s*l-110,  from 

which  M|,b85'8.  This,  it  may  be  noted,  agrees  fairly  well  with  the 
value,  77*6,  for  phenjlthioearbimide;  thus  77*6  +  5*l(C)  +  2*6(ll2)  « 
85-3. 

If  from  the  molecular  refraction  of.  o-tolylthiocarbimide,  85  8,  there 
be  deducted  2*6  for      and  3*4  be  added  for  10,  the  result  for 

CeHg'OO'NCS 

is  86-6,  a  figure  differing  by  less  than  one  unit  from  the  number,  85*7, 
experimentally  determined  for  bensoylthiocarbimide. 
Consistently  with  thif,  we  found  tlutt  when  aniline  in  tolumie  solution 

was  dropped  into  pure  benzoylthiocarbimide  in  toluene  at  16 — 17°,  benz- 
oylthiocarbamide  was  formed  without  a  trace  of  aniline  thiooyanate, 
and,  on  repeating  this  expeiiment  at  -  70°,  the  result  was  precisely  the 
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MM  M  at  the  higher  tempexmtiire.  In  the  reaction  with  aniUne, 
therefore,  the  establishmeot  of  low  temperature  does  not  develop  the 

capacity  of  beDzoylthiocarbimide  to  yield  tbiocyanic  products,  as  it 
does  in  the  case  of  acetylthiocarbimide  (see  p.  686). 

Action  of  Diphenylamiiie. — According  to  Miquel  {loc.  ext.,  .MG), 
beDzoylthiocarbimido  could  not  be  caused  to  unite,  even  at  200',  with 
diethylamine  or  with  diphenylamine.  Probably  something  was  wrong 
with  the  Simple  of  beuzoylthiocarbimide  employed  in  these  experi- 
meuts,  for  it  has  since  been  sliown  (Dixon,  Trans.,  1896,  69,  1603) 
that,  in  the  former  caee,  combination  occurs  spontaneously,  with  marked 
evolution  of  heat  and  production  of  some  90  per  cent,  of  the  theoretical 
yield  of  a  benzoyl-M  dietbylthiocarbamide,and  it  now  appears  that  the 
like  ie  true  as  regards  union  with  diphenylamine. 

a-Benzoyl-&6-dipbenyIthiocarbamide  was  produced  in  a  71  per  cent* 
yield  by  adding  diphenylamine,  in  benzene  solution,  to  the  solution 
obtaiiied  hy  boiling  benzoyl  chloride,  also  in  benzene,  with  lead  thio- 
cjuubte ;  when  the  pore  distilled  thiocarbimide  is  employed,  the  yield  of 
erode  product  reached  88  per  cent,  of  the  theoretical.  The  snbstanoe» 
when  erystelUced  from  alcohol  or  acetone^  formed  a  white,  microerystal- 
line  powder,  melting  at  135^  (oorr.),  and  giving  on  analysis  the  following 
SgnrsB : 

0-660  required  40-4  c.c.  iVVlO  BaCij..  S-9-8. 

CyH|^ON|S  requires  S  =»  9*65  per  cent. 

The  compound  was  soluble  in  alcohol,  benzene,  or  acetone,  and 

practically  insoluble  in  water.  The  solution  in  caustic  alkali  was 
blackened  very  slowly  by  boiling  with  a  lead  salt  ;  the  alcoholic 
solution  was  not  desulphurised  by  boiling  with  either  neutral  or 
ammoniacal  silver  nitrate,  but  was  desulphurised  by  heating  with 
alkali  and  silver  oxide.  When  treated  with  sulphuric  acid  and  a 
trace  of  nitric  acid,  or  with  nitric  acid  followed  by  alkali,  it 
gave  the  blue  and  rose-scarlet  reactions,  due  to  the  elimination  of 
diphenylamine. 

"  Thiocyanic"  BeJiuviour  of  JJenzoi/lthinr'irbiinicU. — From  the  al>ove 
reactions,  and  from  many  others  of  a  like  kind,  it  is  plain  that  benzoyl- 
thiocarbimide  has  properties  which  serve  to  establish  it  as  a  thio- 
carbimide and  not  a  thiocyanate.  But  within  certain  limitSt  the 
same  is  true  of  acetyl  "thiocyanate"  ;  for  example,  this  substance, 
when  combined  with  aniline  io  nearly  boiling  xylene,  gave  but  2*5  per 
cent,  of  its  sulphur  as  aniline  thiocyanate,  the  remainder  forming 
mainly  aoefylphenylthiocarbamide,  although  at  -10^  this  was 
revened,  some  94  or  96  per  cent,  appearing  as  thiocyanate  (Dixon 
and  Hawthorne^  loo,  oU,), 

ThmB  faete  anggeeting   that  the  difference   between  acetyl 
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*•  thiocyanat©  "  and  benzoylthiocarV)imide  is  one  rather  of  degi-ee  than 
of  kind,  indicated  the  probability  that  under  suitable  treatment  the 
latter  also  might  be  caused  to  change,  not  with  production  of  additiire 
compounds,  but  of  thiocyanic  acid  instead.  Experiment  has  shown 
that  this  is  the  case. 

(i)  Action  of  Water  on  BenzoyUhioearbimide. — Miquel's  statement, 
that  benzoylthiocarbimide,  when  hydrolysed  by  boiliug  water,  gives 
benzamide  in  approximately  quantitativ^e  yield,  we  found  to  be 
substantially  correct.  Nevertheless,  the  aqueous  solution,  as  the  oil- 
disfloWedy  gave  with  ferric  chloride  a  red  coloration,  becoming  more 
and  more  intense,  fo  that,  in  half  an  hour  or  so,  the  reaction  was 
strongly  marked.  On  conducting  a  quantitative  experiment,  and 
measuring  by  means  of  Barnes  and  Ltddles'  method  with  NjXO  copper 
sulphate  the  thiocyanic  acid  left  in  solution  after  the  evolution  of  gas 
had  ceased,  we  found  that  of  the  total  'NOS  taken  (2*09  grams  of  pure 
thiooarhimide),  5  per  cent,  was  present  as  H'SGN.  Thereloie  the 
benzoyl  'group,  which  is  not  parted  at  all  from  the  'NGS  radiele  bj 
aniline  (see  above),  is  slightly,  but  distinctly,  separated  from  it  bj  hot 
water,  the  main  reaction  being : 

PhCO•l!^  CS  +  H,0  »  COS  +  PhOO'NH,, 

and  the  other,  PhOO-NOS + H,0  »  Ph-00,H  +  H*SGN. 

(H)  AtUon  of  Alkali. — ^The  fact  that  water  alone  can  separate  to 

some  extent  the  two  groups  PhCO*  and  *NCS,  suggested  the  use  of 
an  alkali,  since,  in  the  event  of  partition  occurring,  the  benzoyl 
would  lend  to  be  fixed,  and,  in  so  far  as  the  liberated  'NCS  might 
behave  as  'SON,  it  also  would  unite  to  form  a  stable  combination. 
In  testing  this,  pure  distilled  benzoylthiocarbimide  was  heated  to 
boiling  with  a  dilute  (2  percent.)  solution  of  sodium  hydroxide,  sodium 
carbonate,  or  borax,  also  with  liuie-water  and  with  magnesium 
oxide,  suspended  in  water;  the  pro luct,  when  acidified  and  treated 
with  ferric  chloride,  gave  in  eieh  cRse  a  most  intense  red  coloration. 
Calcium  carbonate  and  water  gave  no  more  coloration  than  water 
alone,  that  is,  a  faint  reddening,  the  amount  of  thiocyanic  acid  so 
produced  being  very  trifling  after  some  three  or  four  minutes.  To 
ascertain  the  amount  of  conversion  by  alkali,  and  whether  it  is 
dependent  on  temperature,  two  experiments  were  made  by  allowing  the 
pure  thiocarbimide  (about  1*6  grams  in  each  case)  to  dissolve  is 
normal  sodium  hydroxide  at  85**  and  at  1*6°  respectively;  when 
solution  was  complete,  the  liquid  was  neutralised  and  the  contained  thio- 
eyanic  add  measured  by  NjlO  copper  sulphate.  The  former  experi- 
ment showed  of  the  'NG8  taken,  88*3  per  oent.  as  thiocyanic  add,  the 
latter,  89*9 ;  in  both  cases  some  alkali  sulphide  was  presenii  a  portion 
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of  the  thiocarbimide  haying  uodergond  the  thiocarbimidio  hydioiyBUi 
into  carbonyl  sulphide. 

Benzoyltbiocarbimide,  therefore,  like  acetylthiocarbimide,  may 
undergo  the  thiocyanic  decomposition  ;  that  this  ooourred  under  the 
influence  of  a  caustic  alkali,  suggested  the  next  experimenta 

(iii)  Action  of  Ammonia. — Ammonia  gas  or  its  aqueous  solution, 
teoording  to  Miquel  (loe,  eiLf  302),  txaasfornw  beDsoylthiocarbiinide 
quantitatively  into  the  eomsponding  thiourea.  Our  ezperienee,  so 
br  M  the  aqueous  solution  is  conoerned,  does  not  ooineide  precisely 
with  this,  for  we  find  that,  if  the  oil  is  shaken  with  it,  benioylthio- 
carbamide  separates,  and  the  liquor  reaets  strongly  for  ammonium 
thiooyanate.  With  excess  of  alcoholic  ammonia  (about  ZIT),  we 
obtained  the  following  results:  (a)  The  ammonia  was  run  in  at 
23 — 25^  to  an  alcoholic  solution  of  the  thiocarbimide  (about  3*3  grams), 
end  the  resultant  mixture  filtered  from  the  thiocarbamide,  neutralised^ 
end  made  up  with  water  to  a  known  bulk.  By  means  of  Nf  10  copper 
sulphate,  the  dissolved  thiocyanic  acid  was  measured,  and  found  to 
contain  51  percent,  of  the  available  sul}ihur.  (b)  About  the  sumo 
weight  as  before  of  thiocarbimide.  dissolved  in  dry  toluene,  was 
treated  with  alcoholic  ammonia  at  -  60''  to  -  70"^ ;  the  m^lvent  was 
then  evaporated  at  the  atraospheiic  temperature,  the  residue  extracted 
with  water,  and  the  dissolved  thiocyanate  measured  as  before ;  this 
time  it  contained  54  5  per  cent,  of  the  sulphur  present  in  the 
thiocarbimide.  (c)  Ammonia  gas,  roughly  dried  by  quicklime,  was 
passed  in  excess  through  benzoylthiocarbimide,  dissolved  in  dry 
benzene  ;  the  turbid  mixture  was  then  shaken  with  water,  and  the 
aqueous  portion  separated;  when  acidified  and  tested  with  ferric 
chloride,  it  proved  to  contain  a  mere  trace  of  thiocyanic  acid. 

Similar  results  were  obtained  with  piperidine,  taobutylamine,  and  aUyl- 
amine  ;  these  gave  in  presence  of  alcohol  or  moist  acetone  a  consider- 
able amount  of  thiocyanic  acid,  but  in  presence  of  dry  bensene,  little 
or  practically  none. 

With  benioylthiocarhimide,  therefore,  what  happens  appears  to 
depend  largely  on  what  is  presented  to  it,  and  on  whether  or  not 
water  is  present;  alkaline  substances  in  presence  of  moisture 
hydrolysing  it  freely,  but  in  the  abeence  of  water  haviog  little  power 
in  this  direction. 

Aryl  bases,  which  (save  in  the  ease  of  aniline)  produce  with  acetyl- 
thiocarbimide  an  inconsiderable  amount  of  thiocyanic  add,  with 
bensoylthiocarbimide  give  none  at  all ;  the  function  of  the  *NCB  group 
in  bensoylthiocarbimide,  however,  unlike  that  in  the  acetyl  congener, 
appears  to  be  uninfluenced,  at  least  for  practical  purposes,  by  the 
temperature  at  which  a  base  is  presented  for  interaction. 
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On  the  whole,  however,  it  now  appears  that  there  is  little  difference 
l>etween  acetyl  thiooyanate  "  and  benzoyl  "  thiocarbimide,"  save  as 
regards  the  ease  with  which  they  undergo  thiocyanic  change  by 
hydrolysia,  seein*^  that  acetyl  thiocyanate  may  behave  largely  as  a 
thiocarbiniide  and  benzoyl  tliiocarbimide  as  a  thiocyanate.  We  are 
of  opinion,  therefore,  that  true  acetyl  thiocyanate  remains  still  to  be 
discovered,  and  that  Hawthorne's  view  (loc.  eit.)  is  correct,  that  acetyl 
rhodaoide  is  a  tbiocarbimide.  In  the  samo  sense,  that  is,  as  benzoyl 
tbiocarbimide,  in  otber  words,  that  so  far  as  either  of  them  yields 
the  prodocts  of  a  thiocyanate,  this  is  dae  to  hydrolytic  sepiratfon  of 
Uie  ooDfltitaent  radicles/  with  subsequent  change  of  the  *NCS  to  *SCN. 
The  same  applies,  of  course,  to  propionyl,  butyryl,  atearyl,  and  other 
'  tbiocyanates "  of  the  aliphatic  class,  and  probably  to  all  rhodaaidee 
of  strongly  electronegative  radicles;  whether  the  thiooyanates  of 
negative  inorganto  radicles,  snob  as  phosphora%  phosphoryl,  ko^ 
are  also  thioearbimidio^  is  a  subject  which  we  propose  next  to 
investigate. 

Carboxi/meihylthiooarbimide. 

Derivatives  of  oarboxymethyltbiooarbimida  have  been  deseribed  by 
Doran  (Trans.,  1901,  79,  906),  who^  however,  did  not  isolate  the 
parent  compound.  The  difficulty  which  he  sometimea  experienoed  in 
effecting  complete  inteiaetion  between  methyl  chlorooarbooate  and 
lead  thiocyanate  in  boiling  beniene,  or  toluene^  or  mixtures  of  both, 
we  verified,  having  failed  to  obtain  more  than  traces  -of  the  desired 
product  after  several  hours'  heating.  By  addition  of  the  ohloro- 
carbonate  to  a  hot  saturated  solution  of  potassium  thiocyanate  in 
nearly  dry  acetone,  the  difficulty  was  overcome,  potassium  ehlotide 
being  precipitated  instantly ;  the  mixture  was  then  allowed  to  coo!, 
filtervd,  and  the  filtrate  distilled  under  diminished  preesure. 

By  operating  thus,  carboxymethylthiooarbimide  was  obtained  as  a 
clear,  almost  colourless  oil,  having  an  exceedingly  pungent  odour, 
most  irritating  to  the  eyes  and  nose  ;  after  rectification,  it  boiled  at 
30"  under  12  mm.  pressure.  The  density  at  15°/4°  was  1*152,  and 
the  refractive  index  for  the  Z^-lioe,  1*48862  at  ;  from  these  figures, 
the  molecular  refraction  is  49  6. 

The  substance  diflFers  by  one  oxygen  atom  from  acetylthiocarbimide  ; 
if  to  Hawthorne's  value  for  this  {loc.  ctt.),  namely,  461  at  15"^,  the 
figure,  3-1,  for  "ether"  oxygen  be  added,  the  total,  49"2,  lies  not  far 
from  the  above  experimental  number  ;  it  seems  probable,  therefore, 
that  carbo.xymetby [tbiocarbimide  is  tdmilar  in  constitution  to  acetyl 
*'  thiocyanate." 

*  Tlie  hydrolysis  of  bcnsojl  ohloiids  liy  water  ooems  mooh  Im  lesdUy  than 
that  of  aoetjrl  chloiids. 
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No  quantitotive  chemical  experiments  were  made  with  carbozy- 
methylthiooarbimide  and  bases,  alkalis,  but  qualitatively  it 
agreed  so  closely  in  every  way  with  benzoylthiocarbimide  that  the 
dsseripUon  already  given  of  the  latter  may  serve  for  the  oarbozy- 
methyl  compound. 

Aiition  0/  Dipkmylamim, — Oarboxymethylthiocarbimide  united 
readily  with  dipbenylamine  in  hot  bensene*  the  product,  after  two 
recrystalli&ations  from  alcohol,  forming  rosettes  of  prisms,  melting  at 
128— 12y»  (corr.): 

0-672  required  40  4  c.c.  iV/lO  BaClj.    S  =  1 1  3. 

CjjHj^OoNoS  requires  S==  1 1'lO  per  cent. 

The  trisubstituted  thiocarbamide  was  practically  insoluble  in  water, 
and  soluTjle  in  chloroform  or  benzene.  Its  solution  in  caustic  alkali  was 
slowly  blackened  when  boiled  wi:h  a  lead  salt;  the  alcoholic  solution 
was  unaffected  by  boiling  with  alcoholic  silver  nitrate,  and  this  mixture 
when  treated  with  ammonia  was  not  disulphurised,  but  a  white  silver 
compound  separated  in  brilliant  needles. 

h^jQirhos^fmitihy^wh'diphmyl^^  — ^For  the  purpose  of  com- 
parison, this  isomeride  of  the  preceding  compound  was  prepared  by 
mixing  methyl  chlorocarbonate  with  alcoholic  thiocarbanilide.  The 
product,  when  twice  recrystaliised,  formed  long,  flattened  prisms, 
melting  at  106°.  The  alcoholic  solution  was  readily  desulphurised  by 
warming  with  neutral  silver  nitrate  or  alkaline  salts  of  lead: 

0-572  required  40  5  c.c.  A'/IO  MaCl,,.  8=11-3. 

CijHj^OjNjS  requires  fc>=  11'19  per  cent. 

CarboxyMhyUhiocarbimide, 

This  compound  has  already  been  isolated  by  Doran  (Trans.,  1896, 
69,  335),  who  gives  the  boiling  point  66—67^/21  mm.  As  in  the 
case  of  the  carboxymethyl  bomologue,  we  found  the  preparation  from 
lead  thiocyanate  to  be  tedious  and  unsatisfactory,  and  therefore  used 
the  potassium  thiocyanate  and  acetone  process  described  on  p.  696. 
When  purified  by  fractionation,  the  substance  boiled  at  about  83^ 
under  a  pressure  of  30  mm.  ;  it  tends,  however,  to  decompose  some- 
what, with  evolution  of  carbon  dioxide  ami  de.Nulphuietted  ^'ases. 
Under  14  mm.,  tlie  boiling  point  of  a  rectilied  specimen  was  found  to 
be  about  43°  ;  if  plotted  as  before,  these  three  iigures  lie  on  a  straight 
line. 

The  density  at  1574°  was  M12,  and  at  15°  was  1-47985,  from 
which  Mj)  =  56  5.  On  conijmring  tliis,  as  before,  with  the  carefully 
determined  value,  461,  of  the  acetyl  congener,  and  adding  tlieieto  the 
values  of  -0-  and  of  CH  j  (namely,  31  and  51-1-2  6,  01  lU^),  the  total 
is  56'9,  a  number  so  close  to  that  found  experimentally  as  to  leave 
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little  room  for  doubt  as  to  the  aimiiarity  of  both  compounds  as  regards 
the  union  of  the  'NCS  group. 

From  Doran's  results  with  this  carboxyethyl  compound  there  can 
be  no  doubt  as  to  its  thiocarbimidic  nature,  since  even  with  ammonia 
and  fatty  bases  it  produces  the  corresponding  Uuocarbamides,  and 
generally  in  good  yield. 

Nevertheless,  it  can  furnish  a  considerable  amount  of  thiocyanic 
acid  under  the  right  conditions,  which  are  those  already  described  for 
the  benzoyl  and  carbozy methyl  analogues.  When  boiled  with  aikalino 
lead  tartrate,  well-marked  desulphurisation  occurs,  and  the  same  is 
true  aa  regards  alcoholic  silver  nitrate ;  in  neither  casei  however,  is 
the  prodoction  of  sulphide  anything  like  quantitative^  the  mixture 
containing  always  much  thiocyanate. 

How  strongly  eaustie  alkali  determines  the  latter  form  of  ehan^e 
was  shown  by  digesting  0*432  gram  of  the  purified  oil  with  exceea 
(40  e.0.)  of  normal  sodium  hydroxide.  After  half  an  hour,  when  all 
was  dissolvedi  the  solution  was  neutralised  and  the  thiooymnate 
determined  as  hefore  with  iV/lO  copper  sulphate ;  it  accounted  for 
nearly  98  per  cent,  of  the  total  sulphur  present. 

Action  of  Diphmylamine. — Prepared  as  before,  the  trisubstitnted 
thiocarbamide  formed  brilliant,  short,  thick,  rhombic  piisms,  practically 
insoluble  in  water,  moderately  .soluble  in  alcohol  or  acetone,  readily  so 
in  benzene  or  hot  caustic  alkaii,  and  melted,  when  slowly  heated,  at 
125— 126-5°  (corr.): 

0*e  required  40*S  0^  ^/10  BaOV  8-10-8. 

0,«H,oOj|N^  requires  8- 10*68  per  cent. 

The  compound  was  scarcely  affected  by  ammoniacal  f-ilver  nitrate 
even  on  prolonged  boiling  in  presence  of  alcohol,  and  the  solution  in 
alkali,  when  heated  with  a  lead  salt,  was  not  blackened  until  the 
mixture  was  boiled  down  almost  to  fusion. 

Most  sharp  is  the  contrast  between  this  resistance  and  the  readj 
desulphurisation  by  these  reagents  of  the  isomeride 

PhN(C02Kt)-CS-NHPh 
of  Seidel  (/.  pr.  Chmn,,  1885,  [ii],  32,  263),  which  melts  at 

Johnson,  who  has  worked  considerably  of  late  on  the  aeidio  thio- 
cyanates,"  considers  that  in  all  cases  where  a  thiooarbimide  is  found 
as  the  product  of  the  reaction  between  an  aeyl  chloride  and  a  metallia 
thiocyanate,  the  thiooarbimide  originates  through  the  transformation 
of  a  thiocyanate  initially  formed,  and  gives  in  support  of  this  view 
(^f9i«r.  Oktm.  1907,  38,  456)  an  instance  of  the  produetion  of 
diphenylcarbamyl  thiocyanate  and  of  its  direct  convernon  by  heating 
into  diphenylcarbamylthiocarbimide,  a  substance  already  obtained  hy 
one  of  as  (Dixon,  Trans.,  1899,  75,  393)  from  the  corresponding 
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ohlorid«  and  mwewac  thlooyanate  in  boiliDg  oumene.  In  the  paper 
cited,  he  predicts  that  other  aimilar  chlorides  may  be  caused  to  furnish 
thioo/Boatee  as  well  as  thiooarbimides.  • 

In  Tiew  of  the  properties  of  these  partienlar  chlorides,  it  seems  very 
probable  that  Johnson's  anticipation  may  be  verified.  The  electro- 
negative  character  of  diphenjlcarbamjl  chloride,  for  example,  is  so 
feebly  marked  that  it  may  be  crystallised  unchanged  from  alcohol ; 
the  corresponding  oa-diphenylurea  is  obtained  by  heating  it  with 
alcoholic  ammonia  in  a  sealed  tube  at  100^,  and  to  bring  about  its 
reaction  with  aniline  the  two  are  heated  together  in  chloroform  at 
130°;  in  short,  this  chloride  behaves  in  many  ways  more  like  an 
alkjlogen  than  like  an  ordinary  acylogen.  Johnson  points  out  that 
this  is  the  first  occasion  on  which  an  acyl  thiocyanate  has  definitely 
l)een  isolated  iiaving  no  thiocarbimidic  (.haracters  (as  measured  by 
the  power  to  unite  additively  with  nitrogenous  bases)  until  trans- 
formed by  heat ;  the  case,  therefore,  is  distinctly  interesting;  never- 
theless, it  does  not  follow  from  these  results  that  highly  electro- 
negative acid  chlorides  must  behave  in  tiie  same  way  with  metallic 
thiocyanates,  giving  two  distinct  compounds,  or  that  the  product  must 
be  first  thiocyaoate  and  then  thiocarbimide  by  transposition. 

The  conclusion  which  from  the  facts  now  available  avo  draw  with 
regard  to  the  acyl  "  thiocyanates  "  is,  that  such  compounds  are  still 
unknown,  the  products  resulnng  from  the  interaction  of  metallic 
thiocyanates  and  acvlogens,  at  least  in  all  cases  where  the  acyl  group 
is  pronouncedly  electronegative,  being  thiocarbimidic  in  constitution. 
In  one  respect,  however,  these  substances  differ  from  the  hydrocarbon 
thiocarbimide?  somewhat  as  the  amides  from  the  amines,  namely,  as 
regards  the  former  being  subject  to  hydrolytic  change  with  loss  of 
nitrogen,  for  whilst  the  amides,  by  elimination  of  the  NH^  group  with 
hydrogen,  yield  ammonia,  so  the  acylthiocarbimides,  by  loss  of  *NCS 
with  hydrogen,  yield  thiocyanic  acid.  A.nd,  just  as  with  the 
amides^  caustic  alkalis  tend  to  determine  this  kind  of  hydrolysis,  so 
with  the  acylthiocarbimides,  all  forms  of  which  appear  to  be  susceptible 
of  the  corresponding  change. 

Considerable  differences  exist  in  respect  of  the  ease  with  which  such 
hydrolysis  may  occur ;  tbus^  water  alone  determines  it  almost  quan- 
titatively for  the  thiooarbimides  of  aliphatic  acids,  whereas  with  those 
of  aromatic  acid%  or  even  aryl-substituted  aliphatic  acids,  or  the  less 
electronegative  ozy-aliplmtic  series,  the  hydrolysis  is  far  from 
complete. 

Generally  speaking,  the  thiocarbiuudio  function,  as  measured  by 
the  power  to  unite  additively  with  nitrogenous  bases,  is  best 
developed  in  the  cai^es  where  thiocyanic  hydrolysis  does  not  readily 
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oecar ;  bnt  even  here,  m  might  be  expected,  with  caiutio  alkaJiBy  and 

especially  in  proseDoe  of  ioninng  eolyente,  the  tbiocyanic  behavioar 
may  be  very  well  marked. 
Id  eases  where  a  nitrogenous  base  is  disposed  to  cause  the  thio- 

cyanic  decomposition  of  a  thiocarbimide,  increase  of  the  temperature 
of  interaction  is  a  most  potent  factor  in  hindering  it,  and  deler- 
mining  additive,  or  thiocarbimidic,  change  instead;  why  this  should 
be,  wo  do  not  know. 

In  conclusion,  another  curious  point  may  be  noted.  A  hydro- 
carbon thiocarbimide,  X*NCS,  may  be  united  with  a  similar  base, 
Y'NH.,,  the  corresponding  combination  of  Y'NCS  with  X'NHj  being 
equally  prncticable.  On  the  other  hand,  if  X  is  an  acyl  group  and 
Y  an  aryl,  reaction  occurs  readily  enough,  whereas  the  comljinatioa 
of  a  hydrocarbon  thiocarbimide  with  an  amide,  such  as  acetamide, 
seems  impossible  to  be  aocomplisbed.  But  if  the  arylthiocarbimide 
be  first  combined  with  ammonia,  the  resultant  tbiocarbamide^ 

X-NH-CS-NH,, 

may  ultimately  be  converted  by  an  acylogen  or  an  acid  anhydride 
into  the  disnbetitnted  thiocarbamide.  It  is  noteworthy,  however, 
that  in  neither  of  these  two  latter  actions  is  the  conversion  direct^ 
the  aeyl  group  migrating  at  least  once,  and  it  may  be  twice^  in  the 
new  molecule  before  the  symmetrical  configuration  is  attained. 

Chemical  Departmknt, 
Queen's  Collbgr, 
CouK. 


LXV. — The  Relation  between  UnscUurcUion  and  Optical . 

Activity.    Part    II.    Alkaloid    Salts   of  Covre- 
spondmy  Saturated  and  Umaturated  Acids, 

By  Thomas  Pbrot  Hilditoh. 

In  Part  T  of  this  series  (Trans.,  1008,  93,  1)  it  was  shown  that  in 
the  case  of  menthyl  and  bornyl  esters  of  /3-phenylpropionic,  cinnamic, 
and  }then  \  Ipropiolic  acids  the  ethylenic  esters  possessed  greater  optical 
activity  than  the  saturated  compounds,  whilst  the  acetylenio  deriv- 
atives, on  the  other  hand,  showed  less  optical  activity  than  even  the 
latter.  It  also  appeared  that  the  effect  of  uDsaturation  was  modified 
by  the  constitution  of  the  optically  active  part  of  the  molecule,  and, 
in  order  to  throw  more  light  on  tUs  point,  esters  of  a  series  of  fatty 
acids  are  being  prepared.  The  examination  of  these  is  not  y^ 
complete^  but  in  the  meantime  a  number  of  salts  of  these  various 
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acids  with  certain  optically  active  alkaloids  has  been  investigated, 
and  the  results  obtained  show  clearly  that  the  effect  of  unsaturatioii 
varies,  not  only  with  the  optically  active  part  of  the  molecule,  but 
also  with  the  type  of  acid  used. 

Compounds  of  the  alkaloids  do  not  seem  to  hav<>  beon  used  very 
extensively  in  work  of  this  nature,  possibly  because  of  the  com- 
plicated structure  of  such  bodies,  but  many  of  thom  possess  a  lari^e 
rotatory  power  and  thus  are  very  suitable  for  the  purpose.  Minguin 
{Compt.  rgnd.,  1905,  140,  243)  has  investigated  the  effect  of  the 
addition  of  equivalent  amounts  of  many  organic  acids  on  the  activity 
of  a  solution  of  strychnine  in  a  mixture  of  benzyl  and  ethyl  alcohols. 
Amongst  these  are  snocinic,  maleic,  fumaric,  and  butyric  and  crotonio 
acidsy  and  in  thsee  oases  the  ethylenic  acid  exerted  a  larger  effect  on 
the  rotatory  power. 

The  alkaloids  used  in  the  work  now  described  were  bruciner  coniine, 
codeine,  and  einohonine,  and  the  rotatory  powers  of  the  salts  of 
these  with  /S-phenylpropionic^  einnamic,  and  phenylpropiolic,  and 
snooinicy  maleioy  famaric,  and  aoetylenedicarboxylte  acids  have 
been  measured.  It  is  a  well-known  rule  that  such  salts,  if  examined 
in  aqueous  solution,  show  a  rotation  which  tends  to  a  oonstant  value 
for  each  alkaloid  (Oudemana,  AnnaUn,  1876,  182,  33,  68),  but  by 
measuring  the  optical  activity  in  non-ionising  media  it  is  possible  to 
obtain  the  rotatory  power  due  to  each  individual  salt.  The  solvent 
generally  used  was  dry  chloroform ;  in  a  few  cases  it  was  necessary  to 
have  recourse  to  alcohol  or  acetone,  but,  as  a  rule,  the  salts  were 
sufficiently  soluble  in  the  tir^t named  solvent. 

The  rotation  of  each  salt  when  dissolved  in  water  has  also  been 
measured  ;  the  molecular  rotations  found  are  not  by  any  means  the 
same  for  a  given  alkaloid,  and  do  not,  as  a  rule,  agree  well  with  those 
previously  determined  from  the  salt  of  the  alkaloids  and  a  .strong 
acid,  such  as  hydrochloric  or  nitric  acid.  It  should  be  mentioned, 
however,  that  salts  of  the  alkaloids  and  weak  ort^'anie  acids  have  not 
been  investigated  from  this  point  of  view,  and  it  is  possible  that,  as 
discussed  later,  hydrolysis  of  the  salts  takes  place  and  that  this 
introduces  a  disturbing  factor  into  the  problem. 

The  opportunity  has  been  taken  to  observe  the  relative  effects  of 
the  maleinoid  and  fumaroid  forms  of  ethylenic  dicarboxylic  arid<  on 
optical  activity.  Walden  (2eU$ch.  physihtU.  Chem.,  1896,  20,  377) 
obssrved  that  in  ^  case  of  the  diamyl  esters  of  f  unuuric  and  maleic, 
oblorofumarie  and  chlovomaleie,  and  biomofumsric  and  bromomaleic 
acids,  the  fumaroid  form  posssssed  the  greater  rotatory  power,  but 
Hartwall  (Ms.,  Helsingfcra,  1904)  found  the  reverse  rule  to  hold  for 
the  acid  and  neutral  bomyl  esters  of  fumaric  and  naaleie  acids, 
although  with  both  mentbyl  and  bomyl  acid,  dtraoonates,  and 
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neaaeoDates  the  famamd  eeters  posaewed  greater  optical  effect. 
Hence  it  would  appear  that  in  this  caae»  also,  no  absolutely  fixed  rule 
oovere  all  condition^  and  the  data  now  afforded  by  theee  alkaloid 
salts  must  therefore  be  of  interest. 

The  brucioe  salts  were  preparf*d  by  mixing  equivalent  quantities  of 
base  and  aoid  in  boiling  water,  61tering,  and  cooliug.  An  a  rule,  the 
coiiipo  mda  separated  at  once  on  cooling  in  magnificent  crystals,  but  in 
one  or  two  cases  it  was  found  advisable  to  evajtorato  the  holutiou 
to  a  .-yrup  and  cover  with  ether,  when  crydtallisation  set  in  at  once. 
The  salUi  were  sufficiently  pure  after  one  ret-rystallisaLiou  from  water. 

The  coniine,  codeine,  and  cinchonine  salts  did  not  s^-parate  so  well 
from  water,  and  were  prepared  by  nii.xing  equivalent  amounts  of  the 
constituents  in  chloroform  and  evaporating  in  a  vacuum  at  the 
ordinary  temperature.  In  this  way,  most  of  the  salt8  were  obtained 
crystalline  at  onct',  but  a  few  of  them  t^olidi6ed  only  with  difficulty. 

The  rotations  were  measured  in  a  2-dcm.  polarimeter  tube,  and, 
where  possible,  at  three  coDcentratioDs  (approximately  4,  2,  and  • 
1  per  cent.)  in  each  solvent  used.     In  a  few  eases,  howeTer,'tbe 
maximum  concentration  possible  was  less  than  1  per  cent. 

The  optical  activity  of  each  alkaloid  used  was  measured  previoos  to, 
and  after  use  in,  the  experiments ;  an  account  of  these^  together  with 
a  brief  description  of  the  properties  of  the  salts,  will  now  be  given. 

I.  Brucin0  Saltt. 

The  brucine  used  for  these  experiments  melted  at  1 78°  before  use, 
and  at  1 7i)^  after  recovery  from  the  salts,  and  its  optical  activity 
when  tested  in  dry  chloroform  solution  was  as  follows : 

Pereentagt  Befon  use.  After  use. 


concen- 

tration. 

Tola  p. 

a. 

[M],. 

Temp. 

a. 

[a]o. 

[M]... 

4 

23' 

-9-76 

-122  0 

-  4807 

-9  42 

-  11775 

-463-8 

2 

ft 

4-8t) 

121-.'i 

478  G 

>> 

4  72 

1180 

4649 

I 

II 

2*40 

120-0 

472  9 

» 

2-60 

125*0 

492-5 

Thin  prisms,  sparingly  soluble  in  water,  readily  so  in  alcohol, 
melting  at  90°  (hydrated  salt) : 

0-0996  anhydrous  salt  gave  0  2554  CO,  and  0-0687  H,0.  C- 70*76  ; 
H  =  6  56. 

0-2373  anhydrous  salt  required  4-40  c.c.  N/IO  KOH.  U^Hj^.O.  -  '27-82. 
C82H3g0^jN2  requires  0  =  7059;  H  =  6'62;  (J^U^qO.^-=  27'b7  per  cent. 

0-2609  hydrated  salt  lost  0  0236  at  100^    H,O  =  9-05. 

C„HM0eN„3H.p  requires  H,0»  9  02  per  cent 

(The  salts  were  titrated  by  adding  a  known  Tolnme  of  standard 
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potas?iium  hydroxide,  shaking  with  chloroform  to  remove  brudnei  and 
then  titratiog  back  the  aqueous  layer  with  standard  acid)  : 


Percentage 

Solvi  nt.             concentration.  Temp.  o.  [a]o.  [M]i>. 

Chloroform                   3  64  19*  -278  -88  19  -2077 

„                         1*82  19  1*40  S8*46  2092 

„                         0-9!  19  0  70  38-46  209*2 

Watw                        0  91  19  -0-46  -26-27  -187-6 


Thia  BtXt,  prepared  from  synthetic  dnnamio  add,  crystallised  in 
mall  tablets,  slightly  soluble  in  cold  water,  and  readily  eo  in  alcohol. 
The  hydrated  salt  melted  sharply  at  113^.  Ko  signs  of  other  salts, 
such  as  those  mentioned  by  Erlenmeyer,  jun.  {Ber.f  1905,  38,  3499 ; 
1906, 39,  285, 1570),  were  observed,  and,  since  the  compound  obtained 
melts  at  the  same  temperature  as  that  referred  to  by  Marckwald  and 
^leth  (Ber.,  1906,  39,  1171)  as  containing'  one  molecule  of  alcohol  of 
crystallisation,  it  is  probable  tiuit  both  compounds  become  anliydrous 
before  reaching  tho  melting  point  : 

0-1329  pave  0-3134  CO,  and  0  0846  H,0.    0«64-31 ;  H-7*07. 
015 17  lo3t  0-0142  at  loO^.    HoO  =  9-36. 
C3,H8^0«Nj,3H20  requires  C  =  64-43;  H-6-71  ;  H2O  =  9  06  per  cent. 
0-I3?5  anhydrous  saltrequired  2-61  c.c.  .V/IO  KOH.  C^HgO,- 27-99. 
C^HmO^N^  requires  C^HgOs^  27-31  per  cent. 


Percenta^ 

SolTent<           eoDoefitration.  Temp.  a.  [UV 

Chlorofonn                     3-64             18*  -  0-85  -11-68  -68-8 

„                           1-82            18  0  60  1374  74-6 

„                          0*91            18  0-32  17-68  96*4 

Water                       0*91           19  -0*84  -18*«8  -101*8 


Brvem$  Phmylpropiohie,  C^^U,Q0^^^,C^^fi^,2lifi. 

Short,  slender  needles,  contracting  at  100 — 110°,  and  melting  with 
decomposition  at  155°  : 

0-0996  gave  0-2435  CO,  and  0  0577  H.O.    0  -  66*82;  H-6*46. 

0*1042  lost  0  0064  at  1 00°.    H,0  =  6  •  U. 
0MH„0eNy2H,0  requires  0^66*67 ;  H»6*25;  H,0»6  25  per  cent 

0*1956  anhydrous  salt  required  3*70  &o.  iV/lOKOH.  09HeO,»27*63. 
O^HiiOsN,  nqutres  OgHaO,- 27*04  per  cent 


Percentage 

SolTint.         flonoentni^n.  Temp.  a.  («]».  [lf]ir 

Chloroform                 8*75           19*  +0  25  +8*88  +18  0 

„                         1-88            19  0  12  3-20  17  1 

  0-94            19  0  05  2-67  14  4 

.  Water                        0*94            19  -  0  48  -  22*94  -128*8 
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Brurine  Hydrogen  Sueoinate,  C^^H^0^1^^.;,,C^B.fi^,2Ufi, 

White  needle.^,  fairly  soluble  in  water,  very  sparingly  so  in  organic 
solvents,  melting  with  decomposition  at  218°  : 

0-1994  gave  0-4296  CO.^  and  0-1220  H.,0.    G»6a'75i  H-6-80. 

0-2118  lost  0  0136  at  100°     H,0=  6  42. 
C27H3.,08N.,2HjO  requires  C  =  59*12  ;  H  =  6-57  ;  H^O  =  6-57  per  cent. 
Oa982  anhydrous  salt  required  7-55  c.c.  N/IO  KOH.    O^H^O^ «  22*48. 
C^HggO^N,  requires  C^H^O^- 23*04  per  oent. 


Peroeuta^ 

Solvent.          oonoentiatiott.  Temp.  «.  [•]».  (M]d> 

Chlorofonn                  0*47  25'  -0-22  -23-40  -119-9 

Alcohol                      0-47  26  -0-30  -31  92  -163-4 

Vatur                        874  24  -2  08  -27-81  -142-4 

,                             1-87  24  1-00  26-74  137-0 

M                            0-94  24  0-46  24*60  126*0 


Mrudne  Hydrogen  Maleale,  O^^^O^m^GJl^O^^^ajJ, 

White/  glistening  crystals,  sparingly  soluble  in  all  solvents^ 
deoomposing  at  240 — 245** : 

0-1453  gave  0*3307  CO,  and  0*0810  H^O.    0  «  62*05  ;  U  «  6  19. 
0*3338  required  13*00  c.c.  iVVlO  KOH.    C^H^O^  =  22  60. 
C27H3(^08Nj,iH,Orequire8C  =  62-41;  H  =  5-97;C^H^O^  =  2235  percent. 


Percentage 

Solvent.          couoeutratiou.  Temp.       a.          [ajo.  [M]». 

Cfhlorofom                 0*49           26*  +0*06       4'6*12  +81*2 

Water                       0*98           26  -0*48  -24*49  -124*9 


Brueim  Bydrogm  Famaraie,  OfiU„OJ^i^O^H.fi^2BJJ. 

White  prisms,  insoluble  in  chloroform,  sparingly  so  in  other 
Bolvente,  melting  at  189^ : 

0-1140  gave  0  2490  CO,  and  0  0621  H,0.    0  =  59  57;  H  =  6-05. 
0-2022  lost  0  0057  at  100°  and  required  7-40  c.c.  JV/IO  KOH. 
H20  =  2-82  ;  C^H.O,  =  21-22. 
O^H|^08Nj,2HgO  requires  C  =  59-34  ;  H  -=  6  23 ;  IH^O  =  3*29  ; 

C4H^04«21-24  per  cent. 


Percentage 

Solvent.           concentration.  Temp.  a.  fa]o.  [Mlb- 

Alcohol                       0-47            23"  +0-10  +10  09  +54-5 

Water                      1*87           24  -  0*93  -  24*86  -126*9 

  0*94           24  0*47  26*14  128*2 


White,  crystalline  powder,  fusing  at  90^,  solidifying  again,  and 
finally  melting  with  foaming  at  165^  : 
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01360  gave  0*2842  CO,  and  0*0791  H,0.   0 -  66-99 ;  H  »  6*46. 
0*2058  lost  0*0221  at  100"  and  required  7*05  cc  ir/lO  KOH. 

H,O-10-74;  C^HjO,^  19-53. 
C^HjgOgNj^SJHjO  requires  0  =  56  74  ;  H»6  12  ;  UjO  =  ll-03  ; 

C^HjO^=  19-97  per  cent. 


Percentaffe 


Solvent. 

coocentration. 

Temp. 

a. 

m» 

27" 

-0  05 

-6*86 

-27*2 

27 

-0  08 

-8-22 

-16-4 

25 

-1-12 

-1502 

-76-3 

26 

0-77 

20-65 

104-9 

25 

0*86 

18-77 

95*4 

conoentntioiL 

Teuip. 

a. 

[«].. 

[M]o. 

4 

28' 

-5-50 

-68-75 

-622-9 

2 

28 

2*98 

78*25 

668*6 

1 

23 

1-51 

75-50 

688*9 

4 

25 

-2-70 

-33-75 

-305-8 

2 

25 

1-35 

33-75 

305-8 

1 

25 

0*64 

82*00 

289*9 

MrudM  6'uocinaU,  (O^B^O^S^^Ofifi^JR^O. 

Olusters  of  needles,  soluble  in  water  and  ehloroform,  yery  sparingly 
so  in  aeetone  and  alcohol,  melting  at  151^ : 

0-1511  gave  0-3209  CO^  and  O  O093  Rfi.    0  =  57-92  ;  H  =  7-30. 
0-3681  lost  0  0473  at  100°  and  required  7-20  cc.  iV/lO  KOH. 
H20=  12-85;  C4H^04  =  11-54. 
CjoH5gOi8N4.7H,0  requires  0  =  581 4  ;  11  =  6  98  ;  H,0- 12*21  ; 

C^HjjO^- 11-43  per  cent. 

Percentftge 

Solvent. 
Chloroform  ... 
i»  ••• 

Water   r. 

i>   

»» 

QniQ-Uke  crystals,  fusing  at  100—105%  resolidifying,  and  finally 
melting  at  18P : 

0-1811  gave  0  3828  CO2  and  0-1144  HgO.    0-57-65;  H  =  7  02. 
0-1778  lost  0-0227  at  100°.    H50=  12-76. 
OjoHgoOioN^JiHiO  requires  0  =  57-77;  H  =  6-83;  HjO=  1309  per  cent. 
0-155 l  anhydrous  salt  required  3  50  cc.  NjlO  KOH.  C.,H^04=  13  09. 
^M^M^is^4  r^ui^  O^H^O^B  12-83  per  cent. 
Percentage 

Solvent.  concentration.    Tiiup.        o.  [a]„. 

Chloroform    1-74  24  -2  20  -•j3-22  -571*6 

„    0-87  24  1-07  61-51  566*0 

Wfttor    3-48  23  -8-18  -44-97  -406  5 

„    1-74  23  1-48  42-63  384-6 

„    0-87  28  0-73  41-96  379-3 
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White  needles,  sparingly  soluble  in  alcohol  and  acetone,  more 
soluble  in  chloroform  and  water,  molting  at  174°  : 

01071  gave  0*2330  OO^axid  0  0660  H,0.  ;  H-6-85. 

016S6  lost  00169  at  IW  and  reqaired  31  ae.  ^/10  KOH. 
H,0- 10-40;  O^H404-11'06. 
C5oHwO„N^,6HjO  requires  C= 69-30;  H-6'72;  H,0 -10-67; 

C^H,0^«1 1*46  pep  cent. 


Percentage 

Solvent.          oonoentimtion.  Temp.  a.  [ale*  [U]i». 

Ghloroform                 1'79          24'  -  2  20  -  61  45  -555  5 

  0-90            24  ri2  (J2-58  565*7 

Water                        179            22  -1-25  -34  91  -816-6 

»                          0*90           22  0*6S  84*64  318*2 


Brucine  AGeiylenedicarboxylaU,  {C^H^fi^l^^)2fO^B.JJ^l01dfi, 

Small,  white  orystalsi  eparingl  j  solnble  in  alcohol  and  acetone,  readily 
80  in  chloroform  and  water.  The  hydrated  salt  melts  at  105*106^, 
and  the  anhydrous  salt  at  169^.    After  drying  at  100^ : 

0-1402  gave  0-3367  CO..  and  0  0766  H2O.    G  =  65  49  ;  H  =  6-07. 

0  16;^7  required  3-70  c."c.  .\-  10  KOH.  *  C^HgO^  =  12-88. 

C5,H5/.)i2N^,H,0  requires  C  =  65  22;  H  =  6  09 ;  C.Ufi^  =  12-39 per  cent. 
0-3557  hydra'ted  salt  lost  0  0514  at  100^    H2O  =  14-45. 

CmUmOi,N4,10H,O  requires  9U,0- 14-97  per  cent. 


Percentage 

Solv.-nt.           GODcentration.  Temp.  o.  [a]o.  [M]d. 

Chloroform                   3-34  2;r  -4-12  -6167  -556-3 

„                          1-67  23  2-34  70-06  632-0 

„                         0*84  23  1-17  70-06  682-0 

Water                         3-34  22  -2*00  -29  93  -270-1 

  1-67  22  rOO  29-93  270  1 

„                          0*84  22  0-48  28*74  2»»*2 


IL    0 online  tSalis* 

The  ooniine  used  boiled  at  166°,  and  its  rotatory  power  in  chloroform 
solution,  before  use  and  after  recovery  from  the  salts,  is  given  below : 


Percentage  Before  use.  After  nee. 


tiatioB.  Temp. 

a. 

Temp. 

a. 

[«]^ 

4  27' 

+  0-61 

+  8-00 

+  10'16 

23" 

+  0-61 

+  7-63 

-I- 9 -69 

2  27 

0-34 

8-60 

10-80 

23 

0-30 

7*60 

8*27 

I  27 

0-18 

9  00 

11-43 

23 

0-17 

8-50 

10*80 
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Coniine  fi-FhmhylpropionaU,  OgH^yNyC^UioO^ 
Very  small,  deliqaesoent,  onbical  crystals : 

0-1558  gave  0-4186  CO^  and  01318  U,0.    0  =  73  26  ;  H  =  9-40. 
CjyHjyOjN  requires  C  =  7U  64  ;  H  =  9  75  per  cent. 

Percentage 


Solvent. 

concentration. 

Temp. 

a. 

4 

ar 

-0-16 

-1-87 

-618 

2 

27 

0-07 

1*76 

4*86 

1 

27 

0  04 

2-00 

5  54 

Water   

  4 

24 

+  0-20 

+  2-60 

+  6-98 

ContsiM  CinnamaU,  OgHirN.O^HgO^ 

Slender,  white  needles,  melting  at  82 — 83  ,  soluble  in  watei'  and 
organic  solvents  : 

0-1313  gave  0-3576  CO,  and  0  1059  Ufi.    C-  74-27;  H=i8-96. 
C^jH^OgN  ret^uires  0  »  7418  j  H  »  9*09  per  cent. 


PSercentage 

Solvent.          concentration.  Temp.  a.  [a]o 

Chloroform                   4            22*  -0-60  -7-50  -  20  6 

„                           2             22  0*80          7*50  20  6 

  1             22  0  17           8-50  23-4 

Water                          4             24  +  0*14  +175  +  4*8 


Ctmime  PhmylpropiolaU,  O^Uj^TStCgUfi^. 

Stout  prisms,  soluble  in  most  solvents,  melting  at  107° : 

0-1798  gave  0  4955  COg  and  0-1403  H,0.    0  =  76-13 ;  H«8-67. 
Ci^H^O^  requires  C = 74*73 ;  H = 8*46  per  cent. 


Solvent.          cooocntration.  Temp.  a.  [a]p.  [M]d. 

Chloroform                    4             21*  -0*67  -7  12  -19-4 

  2            21  0*27  676  18*4 

  1             21  0*14  7-00  19  1  * 

Water                         4            24  +0*08  +1  00  +27 


Feathery  needles  deposited  vory  slowly  from  a  viscous  oil : 
0-1265  gave  0-2980  COj  and  01201  ll,p.    0  =  64  24  ;  H  =  10-54. 
C^U^O^^  requires  C«»  64*52  ;       10  75  per  cent. 


Solvent. 

Pttcontam 
coiiceiitiatio&.  Temp. 

a. 

[a],.. 

[M].. 

Chloroform  ... 

4  22* 

+  0-41 

+  5-12 

+  19-0 

2  22 

0-20 

5  00 

18-6 

1  22 

010 

5-00 

18-6 

4  24 

+0*13 

+  1*50 

+  6*6 
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Small,  deliquescent  prisms,  readily  soluble  in  organic  solvents : 
0-1404  gave  0-3320  CO,  and  0  1300  H,0.    C  =  64-48;  H  =  10-34. 
OioHagO^N,  reqaires  0  -  64  d6 ;  H  - 10*27  per  ea&t. 

Percttntaffe 

SolyenL          eoncentnami.  Temp.  «.  [l£]v 

Chloroform                    4             W  +0  35  +4  38  +16-2 

„                          2             18  0-19  4-76  17-6 

„                          1            18  0-09  4*50  16*6 

Water                        4            84  -I-O'IO  +2*00  +-7*4 


C online  Fumarate,  {O^Kij}!^)^,V^U^O^. 

DeUqiiMoent  crystali,  aolniile  in  most  ordinary  solvents : 
0*1701  gave  0*4040  GO^  and  0*1600  H^O.   0»64*79 ;  H»10*46. 
C^HsgO^Nj  requires  0^64*86 ;  H- 10*27  per  cent 


Percentage 


Solvent. 

conccntratiou. 

Temp. 
22* 

a. 

LMJ«. 

+0*82 

+4*00 

+  14*8 

2 

22 

017 

4-25 

15-7 

1 

22 

0  09 

4-50 

16-6 

Water  , 

4 

24 

+  0U 

+  1-76 

+  6-5 

Caniine  AcetyUMdicarbiwylate,  (O^B.iy^)pO^}ifi^, 

Long,  oolonrlesB  needleSi  readily  soluble  in  organic  solvents : 

0-1226  gave  0  2905  CO^  and  01117  Kfi.    0  =  64-62  ;  H=  10-12. 
Cj^HggO^Nj  requires  C  =  65  22  ;  H«9-78  per  cent. 


Percentage 

Solvint.           ooncentration.  Temp.  a.  'fa]u.  [MJo. 

Chloiuform                     4             22*  +0  27  +3-37  +12-4 

2            22  0*14  8*50  12-0 

„                           1             22  0-08  4  00  147 

Water                        4            24  +  0  08  +1*00  +  8*7 


m.  Cod^iM  SaU9, 

The  spocimen  of  codeine  used  molted  at  154^  before  use,  and  at 
153 — 154"^  after  recovery  from  the  salts ;  its  optical  rotatory  power 
was  measured  as  usual  in  dry  chloroform  solution : 

Percentage  Before  use.  After  oae.  

tration.  Teinp.  o.        [o]»,  [M]o.  Temp.     a.  [o]d.  [MJp, 

4  23"  -9-25  -115-63  -366-6  22"  -9-12  -114  00  -361*4 

2  28  4-60     112*60  866*7  22      4*46  111-60  868*6 

1  28  2-88     116*60  868*8  22      2-81  116*60  866*1 
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Wbite^  priamatio  cryatals,  readily  aolnble  in  chloroform  and  water, 
aparingly  so  in  ether : 

0  0943  gave  0  2492  CO,  and  0  0600  Hfi,   0  -  72  07  ;  H  -  7  07. 

C^jHjjO^N  requires  C  =  7216  ;  H  =  6'91  per  cent. 


IViceutage 

Solvent.           uoucoulratiou.  Temp.  a.  [a]tH  [Mji». 

Chloxoform                    4            24*"  -515  -64  37  ,  -280*0 

„                             2              24  2-57  64-25  288*4 

  1              24  1-27  6:j-3r.  284-4 

Water                          1             22  -176  -88  00  -395  1 


ClosCere  of  white  fnystals,  melting  at  50^ : 

O         gave  0  2553  CO.^  ana  U  Uj'J5  H,0.    C  =  72-95  ;  H  =  6-93. 
C^yHjjO^N  requires  C  =  72-47  /  h  =  6-49  per  cent. 


Solvent.            couceiitration.  Temp.  o.  [o]„.  fMli.. 

Chloroform                      4  23"  -4-13  -6103  "2307 

„                             2  28  2-08  .'i2-00  232-5 

,                              1  23  105  r.2-nO  234-7 

Water                           1  22  -I'fiO  -75  00  -335-3 


Codmite  Phenylprapiolttie,  0„H,iO,N,CgH^O,. 

Hard,  white  prisms,  melting  at  G3°  : 

0-1377  gave  0-3701  CO^  and  0  08U6  H.O.    C  =  73-26  ;  H  -6'50. 
OiyH^O^N  requires  C  »  72  80 U  «  6  07  per  cent. 

PareentaiEe 

Solvent.  ooncentimtaoa.   Tonp.       a.  [a]u. 

Chloroform                    4             23"      -4  OS       -51  00  -227  0 

,                           2             23         1  99         49-75  221*4 

„                             1              23          1-01          60-50  224-8 

Wat«r                         1             22      -1*62      -76  00  -  888-8 


Codeine  Swcinate,  (CigH2iOjN)j,C^HjO|. 
White  needles,  melting  at  79—80'' : 

01346  gave  0*3307  GO,  and  0  0787  H.O.   0- 67-01 ;  H <- 6-60. 
C^HigOi^N,  requires  0  -  67*04;       6*70  per  cent. 

Solvent.          oonoentntion.  Teiiii>.  a.  [a]^.  (M],.. 

Ghloiofonn  ..."               4             28**  -7-02  -87-75  -H28-3 

„                            2             23  3-50  87-60  020  5 

„                          1             28  1*80  00*00  644*4 

W»t»                        1            26  -  2*06  -108*00  -  787*6 
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Codeine  MaUate,  {Pyfi^fiJ&)^Qfifi^ 

Deliqaeseenty  ooloiirless  erystaU,  beeoming  semi-liquid  on  expomm 
to  air : 

0-1192  gave  0  2944  CO.^  and  0  0706  H^O.    C  =  67-35  ,  H  =  6-58. 
C^H^Oj^Ng  requires  C  =  67  22 ;  H  -  6  44  per  cent. 


Percentage 

Solvent,            concentratioiL  Temp.  o.  [ojp,  [M]i>- 

Chloroform                      4               22  -  6-46  -  80-75  -576-6 

„                             2              22  3-22  80  r.O  674*8 

  1              22  1-60  80  00  571-2 

Water                           1             25  -  r86  -93  00  -664-0 


White,  cryKtalliue  flakes,  sparingly  soluble  iu  alcohol  and  water, 
melting  when  liyJjated  at  95°: 

0-1804  gave  0-4004  CO.  and  01 210  H2O.    C  =  60  52  ;  H  =  7-45. 
G^J^^^^^\^U.^O  requires  (j -  60*37 ;  U  =  6*92  per  cent. 


Percentage 

Solvent.           ooncontFation.  Temp.  a.  [a\r,.  [M]t,. 

Chloroform                     4             22''  -6*62  -81-60  -5S1-9 

  2             22  8-25  81*25  6801 

1              22  1-66  83  00  692*6 

Water                          1             22  -1*80  -  90  00  -  642*6 


White  prisms,  melting  when  hydrated  at  QS'^ : 
0*1904  gave  0  4090  CO,  and  0*1112  HgO.    0  =  58  59;  H-e'-iS. 
C^U^Oi^Jsf^SKfi  requires  C- 68*63;  H  -  6  83  per  oent 


P«icfiitaM 

Solvent          ooncentrauon.  Tnnp.  a.  [a]o.  [MV 

Chloiofoim                    4             22*  -6  13  -76  62  -645-5 

„                           2             22  2  95  78  -76  626  *1 

  1            22  1*86  68*00  484*2 

Water                         1            22  -1'76  -  87*60  -  628-0 


IV.  Cinchonine  iSalts, 

This  alkaloid  melted  at  25r  before,  and  at  263*5^  after,  use  in  the 
preparation  of  the  salts  required.  Its  rotatory  power  in  alcohol 
solntion  was : 

I'erccutagc  Before  nse.  After  use. 

oonoeiio  *  ^  > 

tration.  Temp.     a.  fa],..        [Mjp.      Temp.      a.  [a]i>.  [M]i>. 

0-6      28°     +2*22     +222-0     +662*7      22°     +2*17     +217  0  +638*0 
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Cinehonine  fi-Phenylpropianais,  0„H,,ON,,(C,H|^Oj)y 

This  sftit  did  not  crystalliBe  raadily,  but  solidified  to  a  horny  masa : 
0*1863  gave  0  8723  COj  and  0  0894  H.O.    C  =  75  05  ;  H  -  7  a4. 
Cf7^4A^2  requires  C  =  74  75  ;  H  x-  7  07  per  cent. 


Solvent. 

Percentage 

concentration. 

Teni|». 

a. 

[o]i>. 

[MJ... 

28« 

+  9 '30 

+  116-25 

+  690-5 

23 

4  82 

120-50 

715-7 

23 

2  5Q 

125-00 

742-5 

Water   

23 

+  0-98 

+  98  00 

+  6821 

Small,  liard  needles,  melting  at  129^: 

0  1542  gave  0  4248  COg  and  0  0882  Hfi.    0  =  75*11  ;  11  =  6-35. 
CgyUggOgNj  requires  0-75*25  ;  H  =  6  44  per  cent. 


Solvent. 

concentration. 

Temp. 

a. 

[«Ju. 

[MJ... 

Chloroform  ..  . 

•  •  •  «  ■ 

23' 

+  8-60 

+  107-60 

+  634-5 

2 

28 

4*84 

108*80 

840-8 

1 

23 

2-43 

121-60 

0-6 

23 

+  ri7 

+  11700 

+  ti90-a 

This  salt  also  resisted  crystallisation  and  appeared  as  a  horny  mass  : 
01194  gave  0  3316  00^  and  0  0662  Hfi.    0  =  75  73  ;  H  =  616. 
Vg/H^O^H^  requires  0  »  75  77  ;  H  »  5  80  per  cent.  - 

Percenta^ 

Solvent.  ooucontration.   Temp.        a.  [a]„.  [MId. 

Chloroform    4  23'  +6  88  86  00  +504  0 

„    2  23  8-70  92  60  642  0 

„    1  23  2  00  100  00  586-0 

Water    0*6  28  +  0*92  +  92  00  +539  1 


Cinehanine  SueeiruUe,  Ci9H2.20N2,C^H^O^,3iH,0. 

White,  feathery  crystals,  which  commence  to  foam  at  82 — 84°  and 
melt  to  a  clear  liquid  at  110^ : 

0*1324  gave  0-2880  CX>,  and  0  0872  H^O.   0  •»  58-28 ;  H  -  7-32. 
0„H„09Ny3iH,0  requires  0-58*11 ;  H-7-36  per  cent. 

Percenta^ 

Solvent.  oonceDtntton.   Temp.       «.  [s]^  [M]d 

Ghloiofonn    4  22"     +12-72      +159-00       +655  1 

  2  22  6-48         162-00  667-4 


  1  22         8-31        166-50  6ai  y 

Watff    0-6  28      +1-40     +140*00      +  676*8 


•1 
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Small,  compact  crystals,  charring  at  144 — 146**: 
0-1327  gave  0  3203  COg  ami  0  0802  H^O.    C  =  05-82  ;  H  -  G  Tl. 
0„H,e^ft^2»i^^  requires  0  =  65*88  ;  H  =  6-46  per  cent. 
Peroentage 

Solvent  eoncentranoii.   Tein[).       a.  [a]o.  fM]p. 

Chloroform    4  2'/       +9-42      +117-7r>  +482*8 

  2  22  4  /8         119-50  490  0 

,   1  22         2-50        125  00  612-6 

Water    0*6  28      +1-43     -I- 148*00       +  686*8 


White,  cubical  crystals,  melting  indefitiitely  at  172—175*' : 

0-1  MO  gave  0-2548  CO^  and  0  0745  HjO.    C  =  G0  08  ;  n  =  7-26. 
Cj,H„OgN2,2iHjO  requires  C  =  G0  GO  ;  H  =  6-82  per  cent. 

Percentage 

Solvent          conoentntton.  Temp.  «.  [aV 

Cailorofomi                     4             22"  +11-65  +145*63  +697  1 

  2              22  5-76  143-76  689-4 

  1              22  2-80  140-00  674  0 

Water                        0*6          22  +1*89  +189*00  +  669*9 


CituJionine  AcetyUnedicarbaxi/lcUe,  Ci^H^ON^C^H^O^yiH^O. 

White  tablets,  darkening  at  180—183°  : 

0-1073  gave  0-2282  CO.^  and  0-OGr>0  H^O.    C  =  57-99  ;  H  =  6  83. 
O^^O^N^,^Rfi  requires  C  =  57*50 ;  H  =  6*67  per  cent. 


Solvent. 

PerceiitAj^o 

concentration. 

Temp. 

[HliH 

Chlofoform 

  4 

22* 

+9*68 

+  119*76 

+  488*6 

•« 

«  •«•  2 

22 

6*08 

127-00 

518-2 

  1 

22 

2-67 

133-50 

54  1-7 

Water 

  0*6 

22 

+  1-37 

+  137-00 

+  559-0 

The  nature  of  the  above  results  is  better  shown  by  the  following 
table,  wliicli  frives  the  specific  rotation  of  each  alkaloid  used,  together 
with  the  specitic  rotations  of  each  salt  measured  under  similar 
conditions. 
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It  18  thus  readily  seen  that  the  unsatanited  aelds  have  inwiahly  a 
greater  effect  than  the  saturated  acids  on  the  specific  rotation  of  the 
oombined  alkaloid,  but  the  effect  caused  by  the  presenoe  of  an 
aoetylenic  linking  is  not  the  same  for  all  types  of  base  or  add,  and  it 
appears  that  the  change  of  rotatory  power  is  dependent  on  the  ood- 
stitution  of  both  constituents  of  the  salt  molecule  as  well  ns  on  the 
simple  change  of  constitution  due  to  increasing  unsaturation.  It  was* 
shown  in  Part  1  of  this  series  (toe,  eit,)  that,  in  the  case  of  such 
compounds  as  these^  the  change  of  rotation  is  to  be  oonsidered 
relatively  to  the  original  rotatory  power  of  the  optically  active  part  of 
the  molecule,  and  in  liio  following  table  the  different  types  of  esters 
and  salts  examined  are  enumerated,  together  with  the  relative  effect 
("least,"  "intermediate,"  "greatest")  ou  the  optical  activity  of  tiie 
alcohol  or  base  caused  by  each  degree  of  unsaturation  : 

Sstonted.  Ethyltsie.  Aodylenie. 

Amyl  esters  of  tlic  ( innaniio,  &c.,  series 
(Walden,  ^eilsch.  physikal,  Chem,,  189d» 

20.  669)   Lent     Greatest  Intermediate 

Coniine  aslte  of  tilie  dnnaiiiio,  ftc,  eeriee ...  „  „ 

Brucine  ,,       ,,     snccintV,    „  „ 

Brueine,  codeine,  and  ciucUuiuuo  salts  of 

the  cinnamio,  Ae.,  eeriae   Leest    IntemsdJato  Gmtest 

CoiiiitK-,  (  oileine,  and  cinchonine  ealte  of 

the  succiuic,  &c.,  seried   it  »>  *> 

Menthyl  and  bomyl  eetere  of  the  dnnsmic, 

Ifco.,  eeriee  (Ftft  I,  loe.  eA.)   Inteimediete  Qieateet  Leeet 

Several  interesting  conclusions  may  be  drawn  from  this  and  the 
preceding  table;  in  the  tirst  place,  the  salts  of  ciunamic  and  phenyl- 
propiolic  acids  have  specific  rotations  more  widely  removed  from  those 
of  the  alkaloids  concerned  than  those  of  the  salts  of  any  of  the  otiier 
acids.  The  masses  of  the  acids  do  not  vary  greatly,  and  the  change 
of  constitution  is  of  exactly  the  same  order  as  in  the  case  of  the 
aliphatic  acids,  and  the  only  apparent  cause  of  the  very  large  optical 
effect  produced  is  that  in  both  these  acids  there  exist  essentially  two 
unsaturated  groups  in  close  proximity  to  one  another*  and  to  the 
optically  active  part  of  the  molecule*  Farther  experiments  are  in 
progress  with  the  object  of  investigating  this  point *and»  meanwhile,  it 
is  noteworthy  that  Walden  ((00.  cU,)  obtained  a  similar  effect  with 
these  two  adds  in  the  case  of  the  amyl  esters. 

Besides  the  differences  thus  disclosed  between  the  effeets  of  dilbrent 
types  all  acids,  there  also  exist  well-marked  differences  depending  on 
the  basic  part  of  the  molecule.  The  order  of  effect  of  unsaturation 
for  amyl  esters  of  the  oinnamic  series  of  acids  (Walden)  and  for 
coniine  salts  of  the  same  series  is  the  same,  but  differs  from  that 
observed  in  the  case  of  brueine,  codeine,  and  oinchonic  salts.  It  is^  of 
course,  impossible  to  state  the  precise  configuration  of  the  latter 
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alkaloids,  but  all  three  differ  from  coniine  m  being  exceediugly  com- 
plicated, whereas  this  compound  is  n  simplo  satunitod  siibstanco,  con- 
t;uning  only  one  asymmetric  carbon  atom  ;  thus  being  more  Tio.irly 
compar.iblo  with  amyl  alcohol.  The  series  of  amyl  esters  of  the 
saccinic  scries  of  acids  is  incomplete,  but  it  is  proposed  to  prepare  the 
eeterR  of  these  acids  with  another  simple  optically  active  alcohol  in 
order  to  see  if  the  effect  of  unsaturattoD  is  the  same  in  this  case  as 
with  coniine. 

Lastly,  the  mentbyl  and  bornyl  eompounds  stand  in  an  entirely 
different  order  from  any  of  the  otherSy  and  it  is  significant  that  these 
are  derived  from  alcohols  possessing  a  oompUcafced  stereochemical  con* 
figorationi  which,  although  precisely  the  ssme  in  both  cases,  is  oertain 
not  to  oooor  in  any  of  the  substaness  noir  investigated. 

With  regard  to  the  relative  effect  of  maleic  and  f  umaric  acids,  the ' 
values  obtained  in  the  present  work,  taken  in  conjunction  with  the 
prsvions  investigations  of  Hartwall  and  of  Walden  (loo.  st^.),  tend  to 
show  that  here,  also^  no  simple  rule  holds,  for  different  results  have 
been  obtained  with  the  various  bases  used. 

The  values  of  the  molecular  rotation  of  the  salts  in  dilute  aqueous 
solution  lie  almost  without  exception  between  that  of  the  alkaloid 
ion"  (determined  from  the  results  obtained  for  salts,  such  as  hydro- 
chlorides, by  previous  workers)  and  that  of  the  alkaloid  itself.  It 
may  therefore  be  said  that  the  Oudemans-Landolt  law  is  valid  in  all 
the  cases  observed,  for,  since  tlie  acids  used  are  comparatively  weak, 
hydrolysis  of  the  salts  and  also  incamplete  dissociation  into  the 
constituent  ions  would  be  anticipated,  and  either  of  these  conditions 
would,  in  general,  give  values  for  the  optical  rotatory  power  lying  closer 
to  that  of  the  alkaloid  itself  than  that  of  its  ion  ;  indeed,  it  is  notice- 
able that  the  values  for  the  stronger  acids  approach  more  nearly  to 
those  for  the  ions  to  which  reference  has  been  made. 

The  conclusions  drawn  from  this  part  of  the  work  may  be 
summarised  as  follows  : 

(1)  The  change  in  rotatory  power  of  corresponding  optically  active 
saturated  ethylenio  and  acetylenic  compounds  does  not  lie  always 
in  the  same  direction,  but  depends  on  the  structure  and  configuration 
ol  the  asymmetric  part  of  the  molecule,  and,  to  a  less  extent,  on  the 
constitution  of  the  rest  of  the  molecule. 

(2)  Series  of  similarly  constituted  substances,  however,  usually  show 
change  of  activity  in  the  same  direction,  and  in  all  cases  the  ethylenic 
compound  possesses  greater  rotatory  effect  than  the  saturated  compound. 

(3)  Similarly,  no  definite  rule  can  be  given  for  the  relative  effect 
on  optical  rotatory  power  of  the  maleinoid  and  fumaroid  forms  of 
CIS-  and  Irons-stereoisomeric  compounds ;  this  agrees  with  Hartwall's 
obcsnrations  (/cc  cie.). 

VOL,  XCiil.  8  b 
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(1)  Tho  Oiulenian-T.andolt  law  is  probably  correct  in  the  case  of 
alkaloid  salts  of  weak  acids,  allowanco  bciDg  mado  for  the  effect  due 
to  hydrolysis  and  incomplete  dissociation. 

The  author's  best  thanks  are  due  to  Prof.  Collie,  Dr.  Smiles,  and 
Dr.  Stewart  for  continued  interest  and  advice. 

TflK  Organic  CnF.MisTKV  LAnoRATORY, 
Univeusity  Collegk, 
London. 


LXVL — The  Action  of  Heat  on  a-Hydroxycarhoxylic 

Acids,  Part  IV,  Racemic  aJ-Dihydroxyadipic 
Acid  and  vacso-aa  -Dikydroxyadi])ic  Acid, 

By  Hbnrt  Rondbl  Lb  Sobvb. 

The  results  of  the  investigation  of  the  action  of  heat  on  several 
a-monoh)'droxymonocarboxylic  acids  and  on  one  aa'-dihydroxy- 
deriv&tive  of  a  dicarboxylic  acid  (sebaeic  acid)  have  been  already 
oommunicated  to  the  Society  (Trans.,  1904,  85,  827 ;  1905,  87, 1888  ; 
1907,  91,  1365), 

Sebaeic  acid  was,  until  recent  years,  the  only  higher  member  of  the 
oxalic  add  series  available  in  large  quantities,  but  the  fact  that  cydo- 
hezanone  can  now  be  purchased  at  a  reasonable  price,  and  that  it 
yields  adipie  add  on  oxidation  with  potassium  permanganate,  has 
enabled  the  work  to  be  extended  to  a-hydroxy-derivatives  of  this 
add. 

The  dibromoadipic  add,  obtained  by  the  action  of  bromine  on  the 
add  chloride,  was  readily  converted  into  the  correspondiij^^  hydrozy- 
derivatives  by  boiling  an  aqueous  solution  of  its  sodium  salt  On 
attempting  to  purify  the  resulting  product,  it  was  soon  recognised  that 
it  was  not  a  homogeneous  substance,  but  consisted  of  two  hydroxy- 
acids,  which  were  eventually  obtained  in  a  pure  state  by  fractional 
extraction  with  acetone  and  repeated  crystallisation  from  i  uuxture  of 
acetone  and  chloroform.  One  of  these  aa  dihydroxyadipie  acids  melts 
at  146^,  and  when  heated  readily  loses  water  and  gives  a  beautifully 
crystalline  sublimate  of  its  dilactone : 

CO,H-OH(t)H)-[CHj]j-CH(OH)-CO,H  ^-^  CO-CH-[CHj]2  0H*io. 

•  O  ' 

The  other  aa'  dih) droxyadijnc  ucid  melts  at  174  ,  and  when  heated 
loses  water,  but  no  tiace  of  a  sublituate  is  formed,  and  the  rebuiting 
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product  consists  of  the  lactone-Iactide  of  the  acid.  This  compound 
may  be  regarded  as  resulting  from  two,  distinct  decompositions  :  fint| 

the  formation  of  a  lactonic  acid, 

CO,H-CH(OH)«[CH,],-0H(OH)-CO^  — ► 

i  0  , 

OOjH-OH*[CHJ,»OH(OH)^00,  . 

and  then  the  union  of  two  moleeules  of  this  substance,  with  loss  of 
water  and  fomation  of  a  laetone-lactide : 

,—  ^0  , 

200^*0H^[CHJ,-CH(0H)-(X)  -> 

I  O  1  I  : —  , 

CO,H*CH-[CH2]2-OH«00  C0-CH-[CH2]/CH(0H)-CX). 

'  O  ' 

In  the  previous  communications  (^oc.  cit.)  relating  to  thii^  investiga- 
tion, it  was  shown  that  a  inonohydroxy  acids,  of  which  the  above 
lactonic  acid  may  be  regarded  as  au  examplOi  readily  form  lactides 
when  heiited  at  about  200*^. 

Since  aa'-dihydroxyadipic  acid  contains  two  asymmetric  carbon 
atoms,  the  existence  of  a  racemic  and  meso- variety  was  to  be  expected. 
The  fact  that  totally  different  products  arc  obtained  on  heating  the 
two  acids,  led  to  a  closer  examination  of  the'  space  formulie  of  these 
substances. 

If  we  consider  the  space  formula  of  u  racemic  aa'-dihydroxyadipic 
acid^  it  will  be  seen  that  if  one  of  the  liydroxyl  groups  is  directly 
above  the  carboxyl  group  with  which  it  will  form  a  lactone,  then  the 
other  hydroxy]  group  will  be  directly  below  the  other  carboxyl  group, 
and  consequently  a  dilactone  will  be  quite  as  easily  formed  as  a 
monolactone. 

A  similar  consideration  of  the  space  formula  of  a  meso-oa'-dihydrosgr* 
adipic  acid  leads  to  a  totally  different  result.  In  this  case,  if  one  of 
the  hydroxyl  groups  be  directly  above  the  carboxyl  group  with  which 
it  will  form  a  laetone,  then  the  other  hydroxyl  group  is  not  directly 
under  a  carboxyl  groups  but  under  a  hydrogen  atom.  It  will  therefore 
be  readily  admitted  that,  whereas  a  monolaetone  can  be  formed  easily 
from  the  meeo-add,  the  formation  of  a  dilaetone,  if  not  an  impossibility, 
is,  at  all  events,  rery  highly  improbable : 

■  ?  ? 

[6hj,  [in,],  . 

HO-^-CO,H  H-^CO,H 

Baoemio  Acid.  mMO-Add. 

Although  the  two  OH,  groups  have  not  been  taken  into  eonsideration, 

'  3  B  2 
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this  in  no  way  aifects  the  validity  of  tho  above  deductions,  in  fact,  the 
presence  of  these  groups  only  renders  the  formation  of  a  dilactono 
from  the  meso-acid  all  the  more  improbable. 

If  the  above  arguments  be  correcti  then  the  acid  melt* 
ing  at  146°  and  which  easily  forms  a  dilactone  must  be  the  racemic 
variety,  and  the  acid  which  melts  at  174°  and  yields  a  lactone-Iactide 
but  not  a  dilactone  is  the  meso-acid.  In  order  definitely  to  settle  this 
point,  both  acids  were  submitted  to  the  alkaloid  method  of  resolnog 
optically  inactive  compounds  containing  asymmetric  carbon  atoms,  and 
the  results  obtained  are  in  complete  agreement  with,  and  fully  justify, 
the  above  conclusions.  By  fractional  crystallisation  of  the  cinchon- 
idine  salt  of  the  acid  melting  at  146^  it  wsa  resolved  into  its  ^  and 
Morms,  whereas  a  similar  treatment  of  the  meso4u»d  failed  to  pro- 
duce any  trace  of  an  optically  active  acid.  In  connexion  with  this 
resolution,  it  is  interesting  to  note  that  the  ammonium  salt  of  the 
d^Md  is  strongly  Invorotatory. 

That  the  hydrozyl  groups  in  both  acids  are  attached  to  d-carbon 
atoms  and  not  to  /8-  or  y-atoms  is  conclusively  proved  by  the  fact  that 
both  acids  yield  succtnio  add  when  they  are  oxidised  with  potassium 
permanganate : 

H.3-CH((3U)-C02H  CH./CO,Il' 
Rosenlew  (/ier.,  11)0*4,  37,  2092)  obtained  two  aa'-dihydroxyadipic 
acids,  one  melting  at  173^  and  the  other  at  132 — 134^^,  and  concluded 
from  the  melting  points  and  the  relative  solubilities  of  these  acids  that 
the  first  was  tho  racemic  acid  and  the  second  the  meso-variety.  The 
results  now  described  show  the  t  Hosenlew's  deductions  are  not  correct, 
and  that  his  acid  melting  at  173*^  corresponds  with  the  moso-aeid(m.  p. 
174°)  mentioned  in  this  paper,  and  the  acid  which  he  describes  as  melt* 
ing  at  132 — 134°  is  undoubtedly  the  impure  racemic  acid. 

£XPKaiM£NTAL. 

Pr^pamtUm  qf  aa'Dibrmnoadipie  AM. 

One  hundred  and  fifteen  grams  of  adipic  acid  (m.  p.  148*5 — 150^), 
obtained -by  the  oxidation  of  ciydohexanono  with  potassium  perman- 
ganate in  alkaline  solution,  wore  converted  into  the  acid  chloride  by 
the  action  of  phosphorus  pentachloride ;  280  grams  of  dry  bromine 
were  gradually  added  to  the  resulting  acid  chloride,  and  the  mixture 
heated  on  the  water-bath  until  the  whole  of  the  bromine  had  dis- 
appeared. Tho  resulting  liquid  bromo-acid  chloride  was  gradually 
poured  into  450  c.c.  of  formic  acid  (sp.  gr.  1*20),  and,  when  the  some- 
what violent  reaction  had  subsided,  the  product  was  heated  on  the 
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water-bath  for  half  an  hour;  on  cooling,  234  grams  (theory,  239 
grams)  of  the  dibromo-acid,  melting  at  180 — 182°,  crystallised  out.  A 
small  quantity  was  recryetalUsed  from  formic  acid  (sp.  gr.  1*22)  until 
its  meltiug  })oiiit  was  constant,  when  it  was  obtained  in  prismatic 
needles  meltiug  at  192 — 193°,  a  melting  point  which  agrees  with 
that  of  one  of  the  dibromoadipic  acids  prepared  by  Bosenlew  {jBer,, 
1904,37,  2091): 

0-1618  gave  0-2016  AgBr.  Br-58-0. 

G^HgO^Brg  requires  Br «  52*6  per  cent. 

FnparaHon    BoMmiie  aa-Dihydrox^adipic  Aeid  and 

mMo-aa'DViydroxyadipie  Add* 

One  hundred  and  nineteen  grams  of  dibromoadipic  acid  (m.  p. 
180 — 182°)  were  added  to  600  cc.  of  water,  neutralised  with  sodium 
hydroxide,  aod  the  resulting  solution  boiled  under  a  reflux  apparatus 
for  three  hours^  at  the  end  of  which  time  the  solution  was  strongly 
acid.  It  was  again  neutralised  with  sodium  hydroxide  and  hoiled  for 
a  further  three  hours.  If  at  the  end  of  this  second  period  the  solution 
is  still  neutral,  this  indicates  that  the  reaction  is  completed,  otherwise 
it  must  be  neutralised  again  and  boiled  for  three  hours  more.  The  hot 
solution  of  the  sodium  salt  was  added  to  an  excess  of  a  hot  solution  of 
copper  sulphate,  and  the.  whole  allowed  to  remain  overnight,  when 
the  copper  salt  gradually  separated  in  a  crystalline  form ;  it  was 
filtered,  washed  free  from  sodium  bromide,  and  decomposed  with 
hydrogen  sulphide.  The  filtrate  obtained  after  removal  of  the  copper 
sulphide  was  evaporated  to  dryness  on  the  water-bath,  powdered,  and 
thoroughly  dried  over  sulphuric  acid  in  a  vacuum. 

The  two  isomeric  aa'-dihydroxyadipic  acids  which  constitute  the 
residue  were  separated  as  follows  :  82  grams  of  the  finely-powdered  . 
and  dried  residue  were  boiled  with  250  cc.  of  acetone  and  filtered,  and 
this  process  repeated  live  times,  using  250  cc.  of  aceturio  for  each 
extraction.  The  undissolved  residue  (A),  which  melted  at  165 — 166® 
and  weighed  13  grams,  consisted  for  the  most  part  of  the  meso-acid 
(see  p.  722). 

The  several  filtrates  were  allowed  to  cool,  and  the  six  fractions 
which  separated  were  filtered  and  their  melting  points  determined. 
The  filtrates  obtained  from  these  were  coucentrated  to  a  .small  bulk, 
and  another  series  of  fractions  obtained.  The^e  fractions,  which 
melted  at  the  same  temperature,  were  mixed  tdgotlur  and  recrystal- 
liaed  from  a  mixture  of  acetone  and  chloroform  until  the  molting  point 
was  constant,  when  the  acid  was  ohtained  in  aggregates  of  small  plates 
melting  at  146°  (compare  Kosenlew,  loo,  dt,)  i 
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01372  gave  0-2020  00,  and  0*0718  H,0.    0  -  4016 ;  H  «  5*81. 

CrtHjoOj,  lequiroa  0»  40*45 ;  H*5*62  per  cent. 

v-aa- Dili ydroxyadijnc  acid  is  very  soluble  in  water  or  alcohol, 
sparingly  so  in  boiling  acetone,  and  insoluble  in  ether,  chloroform, 
lijjlit  petroleum,  or  benzene.  Wiioii  heated,  it  loses  water  and  the 
foi  responding  dilactono  is  formed.  The  molecular  weight  was 
determined  by  titration  with  Nji^  sodium  hydrojudoj  luong  phenol- 
phthalein  as  indicator  : 

01812  required  20*16  o.c.  iV/iO  NaOH.    M.W.  - 179*6. 
A  dibasic  aeid,  O^Hj^O^*  requires  M.W.  =  178. 

The  st^MT  salt  was  prepared  by  adding  a  hot  solution  of  the 
ammoDium  salt  to  a  hot  solution  of  silver  nitrate^  when,  on 
remaining  for  some  time,  a  crystalline  precipitate  was  obtained  : 

0-2084  gave  01142  Ag.    Ag  =  54*80. 

^6^^8^ti^^^2  requires  Ag  =  55*10  per  cent. 

T-iM'Dihl/droxyaJipa  m  id  e , 

CO-NH2-CH(OII)-[CHj]2-CH(OH)-CO*NHj, 
was  prepared  by  heating  the  dilactone  with  a  saturated  alcoholic  .soIu> 
tion  of  ammonia  in  a  sealed  tube  at  120°  for  eight  hours.  The 
crystalline  solid  which  separated  out  on  cooling  was  crystallised  from 
92  per  cent,  alcohol,  when  it  was  obtained  in  small,  glistening  platea 
melting  with  effervescence  at  177°.  It  readily  dissolves  in  cold  water, 
is  sparingly  soluble  in  boiling  alcohol,  and  insoluble  in  ether,  light 
petroleum,  acetone,  or  chloroform  : 

0*1264  gave  17*2  c.c.  moist  nitrogen  at  15**  and  760  mm.  N^- 16*93. 
CyHj^O^No  requires  N  « 16*90  per  cent. 

r-aa  -  D  ih  ydroxya/l  ipic  d  ia  nilidey 

CgHa*Nli-CU-CH(ON)-[GH2]3-GH(On)-CO-NH-CeH5, 
was  prepared  by  boiling  2  gniuis  of  the  acid  with  6  grams  of  recently 
distilled  aniline  for  seven  hours.  The  resulting  product  was  treated 
Willi  dilute  hydiocijloric  acid  to  remove  excess  of  aniline,  and  the  solid 
crystallised  from  uIioIkjI,  when  it  was  obtained  in  glistening  plates 
melting  at  186°  It  is  insoluble  in  ether,  benzene,  chloioform,  or 
light  petroleum,  and  moderately  soluble  in  boiling  acetone  or  alcohol : 

01394  gave  0*3342  CO,  and  0-0768  HjO.    0  =  65*39;  H-6-12. 
0*1604   „    12*35  c.c.  moist  nitrogen  at  lb""  and  767  mm.  N-8*97. 
O^gHioO^N,  requires  0-66*85;  H<-6'10;  N» 8*63  per  cent. 

Action  of  Heat  on  Hacemic  aa-JJiJhydroxyad%^ic  Acid* 

The  acid  was  placed  in  a  small  retort  oonneoted  to  a  receiver,  and  the 
latter  connected  to  a  waterpump.  The  pressure  was  reduced  to 
25 — 30  mm.,  and  the  retort  and  contents  heated  at  160 — 170"  in  an 
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air-bath,  a  slowowrent  of  dry  air  being  puwd  throagh  the  apparatue. 
As  soon  as  the  sabeteiusa  had  melted»  water  was  evolved,  and  a 
orystaUine  sttbtimate  oollected  in  the  neek  of  the  retort ;  it  was  re* 
soUimed  and  analysed : 


0*1246  gave  0-2800  CO,  and  0  0530  H^O.   C  »  50-34 ;  H  =  4*72. 

C,  Hj-O^  requires  C- 50-70 ;  H»4*23  per  cent. 


melto  at  134^  is  insoluble  in  light  petrolenm,  alcohol,  or  water  in  the 
oold,  readily  solable  in  eold  acetone  and  in  boiling  aloohol,  from  which  it 
crystallises  in  well-defined  plates  on  cooling.  The  dilsctone  is  insoluble 
in  water,  but  on  remaining  in  contact  with  this  liquid  it  is  gradually 
hydrolysetl  to  the  parent  acid,  which  dissolvos  in  the  water,  giving  a 
strongly  acid  solution.  That  this  solution  contains  the  parent  acid 
was  shown  by  analysis  of  the  silver  salt  prepared  from  it: 
0-1642  gave  0  0850  Ag.    Ag  =  5512. 

C^HgO^Agg  requires  Ags  55*10  per  cent. 

RiBokUum  of  Saemio  aa*-J)ihffdroxyadipie  Acid, 

Preliminary  experiments  with  quinine,  cinchonine,  and  cinchonidine 
showed  that  only  the  last  of  these  alkaloids  is  suitable  for  this 
resolution.  The  following  is  the  method  adopted  :  29  grams  (1  mol.) 
of  the  r-acid  were  dissolved  in  450  c.c.  of  water  and  50  grams 
(1  mol.)  of  cinchonidino  adilod  ;  these  readily  dissolved  on  warming. 
The  resulting  strongly  acid  solution  was  allowed  to  remain  overnight, 
when  33  grams  of  a  beautifully  crystalline,  neutral  cinchonidine  salt 
were  deposited ;  this  was  filtered  and  recrystallised  from  water  until 
the  optical  activity  was  not  increased  by  further  recrystallisation. 
This  was  ascertained  by  dissolving  1  gram  of  the  salt  in  water, 
precipitating  the  alkaloid  by  ammonia,  hlteriog,  and  evaporating  the 
filtrate  to  a  few  c.c.  This  solution  had  now  a  faintly  acid  reaction, 
so  it  was  again  made  faintly  alkaline  with  ammoDia,  allowed  to  remain 
for  some  time,  and  tho  small  amount  of  alkaloid  which  had  separated 
was  filtered,  washed  with  a  little  water,  and  the  filtrate  made  up  to 
the  volume  required  to  fill  the  2*2-dem.  tube,  in  which  it  was  examined. 
All  these  experiments  were  carried  out  under  identical  conditions,  in 
order  that  the  results  might  be  truly  comparable. 

The  pure  /-base  <i-add  salt,  which  weighed  16  grams,  was  dissolved 
in  water,  the  alkaloid  precipitated  with  ammonia,  and  the  resulting 
ammonium  salt  converted  into  the  copper  salt,  which  was  filtered 
and  decomposed  with  hydrogen  sulphide.   The  filtrate  from  the  copper 
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sulphide  was  evaporated  on  the  water-batb,  the  reeidoe  dried  in  a 
vaemiiD,  and  then  crystallised  from  a  mixtare  of  acetone  and  ohloro- 
form  until  its  meltiog  point  was  constant. 

^^'•DUiifdrosBSfadipie  aad  is  insolnble  in  ether  or  light  petroleum, 
readily  soluble  in  water,  moderately  so  in  alcohol  or  aoetone»  and 
orystiUHses  from  a  mixture  of  acetone  and  chloroform  in  long,  slender 
needles  melting  at  157**  with  effenreecence. 

A  detorminatlSn  of  the  speoiBc  rotation  gave  the  following  result : 

0-9866,  made  up  to  16  c.c.  in  a  2-2-dcm.  tube,  gave  o'*  +0  52% 
whence  [a]i;*  +3-8° 

T}\e  above  solution  was  carefully  neutralised  with  ammonia  and 
made  up  to  20  c.c,  and  on  examination  was  found  to  have  an  opposite 
rotation  to  that  of  the  free  acid,  and  gave  a"  -2*77°,  whence 

Attempts  were  made  to  isolate  the  pure  Z-acid  from  the  mother 
liquors  from  which  the  ef-acid  had  been  separated,  but  the  amount  of 
material  was  not  sufficient  to  admit  of  the  isolation  of  apurespedmen 
of  the  ^isomeride. 

Oasidaiion  of  Bacemic  aa-Dihydroxyadipic  Acid, 

One  gram  of  the  acid  was  dissolved  in  20  c.c.  of  water,  and  to  this 
a  hot  solution  of  2*5  grams  of  potassium  permanganate  in  60  ce.  of 
water  was  gradually  added.  A  vigorous  oxidation  took  place,  and, 
when  all  the  potassium  permanganate  had  been  reduced,  the  manganese 
dioxide  was  filtered  and  the  filtrate  evaporated  to  dryness.  The 
residue,  when  heated  with  resordnol  and  a  few  drops  of  sulphuric  add 
and  pouring  into  a  solution  of  potassium  hydroxide,  gave  a  very 
marked  fluorescein  reaction.  No  attempt  was  made  to  isolate  the 
succinic  acid  itself,  and  so  tlie  residue  was  boiled  with  excess  of  acetyl 
chloride  for  two  hours,  the  excess  of  acetyl  chloride  evaporated,  and 
tho  dried  residue  extracted  with  benzene.  One  gram  of  aniline  was 
added  to  tho  benzene  solution,  and,  after  a  short  time,  a  crystalline 
solid  separated  out,  which,  after  ( rystallisation  from  water,  was 
obtained  in  aggregates  of  tiat  needles  melting  at  148°  (succinanilic 
acid  melts  at  148*5^).  Tho  correspondin<;  anil  was  obtained  by  boiling 
the  anilic  acid  for  a  short  time  and  crystallising  tlio  resulting  product 
from  alcohol,  when  it  was  obtained  in  long,  slender  needles  melting  at 
163—154". 

mtmhwk'Dthydroxyadipie  Aeid, 

Tho  insoliil)lc  residue  A  (see  p.  719),  left  after  repeated  extraction 
of  the  mixed  acids  with  acetone,  was  crystallised  from  a  mixture  of 
alcohol  and  chloroform  until  ita  melting  point  was  constant ; 
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0*1524  gave  0  S254  CO.  Md  0  0804  Wfi,   0  -  40*33 ;  H  -  5*86. 

C,.,H,oOg  requires  0«  40*45;  H-5*62  percent. 

meao-aa-Dihijdroxyadipic  acid  is  insoluhlo  in  ether  or  light 
petroleum,  only  slightly  soluble  in  chloroform,  acetone,  or  alcohol  in 
the  cold,  and  readily  so  in  water  or  in  boiling  alcohol,  from  which 
it  crystallises  in  small,  glistening  plates  melting  at  174°.  This  acid  is 
considerably  less  soluble  in  alcohol  than  its  raceniic  isomeride. 

Attempts  were  made  to  resolve  this  acid  by  means  of  its  cinchonidine 
salt,  but  no  evidence  whatever  of  the  production  of  an  optically  active 
acid  was  obtained. 

A  mixture  of  equal  parts  of  the  above  acid  and  the  racemio 
isomeride  contracts  at  146°  and  melts  at  161 — 165°. 

The  molecular  weight  was  determined  by  titration  with  sodium 
hydroxide,  nsing  phenolphthalein  as  indicator : 

0*1672  required  18*65  cc  i^/10  NaOH.   M.W.  - 179*2. 
A  dibasie  add,  O^H^fi^,  requires  M.W.-178. 

The  fil««r  salt  was  prepared  by  adding  a  solution  of  the  ammonium 
salt  of  (he  add  to  a  solution  of  silver  nitrate.  The  cryetalline  salt 
was  deposited  more  quiokly  than  the  eorresponding  salt  of  the 
racemio  add : 

0-2076  gave  01 U2  Ag.    Ag  =  55  01. 

CgHgO^Agg  requires  Ag  =  55*10  per  cent. 

Oxidation  with  Potassium  Pennanganate. — The  oxidutioii  was 
carried  out  exactly  as  described  for  the  oxidation  of  the  racemic 
isomeride.  The  product  of  oxidation  jLjavo  the  fluorescein  reaction, 
and  from  it  both  succiuanilic  acid,  melting  at  148°,  and  succinanil, 
melting  at  153 — 154°,  were  prepared. 

Mtihyl  nmo-aa!  -dihydroxyadipate^ 

C02Me-CH(OH)-[CH5],*CH(OH)-CO,Me, 
was  prepared  by  adding  12  grams  of  methyl  iodide  to  10  grams 
of  the  dry  silver  salt,  suspended  in  dry  benzene,  and  heating  on  the 
water-bath  for  three  hours.  The  silver  iodide  was  filtered  and  the 
filtrate  evaporated»;prhen  the  ester  was  obtained  as  arcrystalline  solid, 
which,  after  crystallisation  from  a  mixture  of  beniene  and  light 
petroleum,  was  obtained  in  stout  needles  melting  at  89^.  It  is  some- 
what readily  soluble  in  cold  acetone,  alcohol,  or  water,  and  sparingly 
so  in  cold  benaene  or  ehlorof orm : 

0*1520  gave  0*2568  CO,  and  0*0956  H,0.   0  -  46*10 ;  H  »  7-00. 
CgHj^Og  requires  0-  46*60;  H»6'80  per  oentw 

muo-ojal'Ditiydroxyadijmmide, 

CX)-NH./CH(OH)-[CHj]o*CH(OH)-CO-NHj, 
was  obtained  by  the  following  two  methods:  (T)  the  lartono  lactide, 
obtained  by  heating  the  me&o-acid,  was  boiled  with  a  concentrated 
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solution  (sp.  gr.  0*880)  of  ammonia,  the  solution  filtered,  and  allowed 
to  remain,  whon  tbe  diamide  separated  out ;  (2)  the  dimethyl  ester 
was  added  to  a  concentrated  solution  (sp.  gr.  0  880)  of  ammonia,  in 
which  it  readily  dissolved,  and  from  this  solution  the  diamide  soon 
separated.  It  was  crystallised  from  water,  and  obtained  in  glistening 
plates  melting  and 'decomposing  at  242^  It  dissolves  somewhat 
readily  in  boiling  water,  and  is  insoluble  in  all  the  ordinary  organic 
solvents:  - 

0*1462  gave  19'7  c.c.  moist  nitrogen  at  15^  and  763  mm.  N  =  IS'S-i. 
CeH^O^N,  requires  N    15*90  per  cent. 

C,H5  KH-00  0H(0H)  [C II J,  OH(OH)-00-NH  OoH5, 
was  prepared  in  exactly  the  same  way  as  the  dianilide  of  the  racemic 
acid.    It  is  insoluble  in  water,  ether,  chloroform,  bensene,  or  light 
petroleum,  and  moderately  soluble  in  alcohol,  from  which  it  crystallises 

in  glistening  plates  melting  at  216°: 

0*1526  gave  11*2  c.c.  moist  nitrogen  at  15°  and  776  mm.  N  =  8*76. 
OigHioO^N,  requires  N  •  8*53  per  cent. 


AgiUm  of  Htat  on  meto-aa'DiktfdrosBSfadifne  Acid, 

The  acid  was  placed  in  a  large  test-tube  fitted  with  a  cork  through 
which  two  tubes  passed,  the  first  of  these  was  connected  to  a  pump, 
and  the  second,  which  was  drawn  out  to  a  fine  point,  served  for  the 
admission  of  a  slow  current  of  dry  air.  The  test-tube  and  contents 
were  gradually  heated  in  an  air-bath.  At  174°,  the  substance  melted 
and  water-vapour  was  evolved,  and  the  temperature  was  kept  at 
180 — 190^  for  about  five  minutes,  the  pressure  being  maintained  at 
35 — iO  mm.  Ko  sublimate  was  formed.  The  residue  consisted  of  a 
hard,  glassy  substance,  which  gave  the  following  results  on  analysis : 

0-1652  gave  0  27 10  CO.,  and  0*0670  H.,0.    C  =  47-62  ;  H  =  4-80. 
CijHi^Og  re<iuiie8  0  =  47*68;  H  =  4-63'per  cent. 

The  ladoM-Utctide  of  meso-oa'-dihydroxyadipic  acid, 


is  a  hard,  transparent,  glassy  isitb.stance,  which  does  not  melt  at  250"^, 
and  when  heated  above  this  temperature  it  decomposes  without  {)i  e- 
viously  melting.  It  is  insoluble  in  water,  alcohol,  acetone,  chloroform, 
Qthor,  or  benzene,  and  dissolves  in  a  solution  of  potassium  hydroxide. 
When  boiled  with  a  concentrated  solution  [of  ammonia,  the  diamide 
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(seep.  723)  and  the  ammonium  salt  of  the  dihydroxy-acid  are  produced. 
The  formation  of  the  latter  compound  was  proved  by  converting  it 
into  the  corresponding  silver  salt,  which  was  analysed  : 

0-1234  gave  0  0680  Ag.    Ag  =  55-10. 

O^HgO^Ag,  requires  Ag«>55'10  per  cent. 

Ghbhioal  Labobatort, 

St.  Thom Aa's  Hospital, 

London,  S.B. 


LXVll. —  Thr  'Watidering  of  Bi'uin'nic   in  tJtc  Truu^- 
Jornialioii  of  Nitroaminohromobmztiieis, 

By  KiNNVDT  Joseph  Frbtit^  Obton  and  Constahob  Psabson. 

In  the  course  of  a  series  of  experiments  on  the  tnuisfonmttioD  of 
substituted  hromo-  and  cbloro-nitroaminobenzenep,  we  have  observed 
a  femarkable  wandering  of  a  bromine  ntom  in  the  case  of  2  :  6-di> 
bzomo-l-nitroaminobenzene  (I).  Under  all  conditions  whicli  are 
favourable  to  transformation,  not'only  is  the  expected  2  : 6-dibromo-4- 
nitroaniline  (II)  produced,  but  also  tbe  isomerio  2  : 4-dibromo-6-nitro- 
aniline  (TO),  thnB : 

Br 


NO- 

III. 


Although  the  position  para  with  respect  to  the  amino-group  is 
nnoocupied,  the  migrating  nitro-group  in  part  displaces  an  ortho- 
bfomine  atom,  wbieh  then  re^enters  the  benzene  nucleus  in  the  vacant 
para>positiony  the  two  nitroanilines  being  formed  in  about  equal 
proportions. 

The  transformation  of  this  di-o-subetitnted  nitroaminobennne  is  a 
far  slower  process  than  that  of  the  nitroaminobenMnes  with  an  ortho- 
position  nnoocupied ;  only  in  strongly  acid  solutions  (8 — ^N)  is  the 
change  complete  in  twenty*four  hours.  Inasmuch  as  the  low 
aolaUlity  (1  part  in  1400  parts)  renders  the  use  of  water  as  a  solvent 
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impraeticable,  aqueous  alooliol  or  aoetio  add,  35  or  60  per  oent,  imm 

employed. 

Solatioiis  of  the  mtroamine  in  all  media  can  apparently  be  kept 
indefinitely.  Change  only  oocun  when  add  is  present.  With  low 
ooDoentrations  of  add,  the  rate  of  ehange  is  very  slow,  bnt  becomes 

more  rapid  as  the  concentration  is  raised,  nntO,  when  the  add  is 

8 — OX,  the  change  is  complete  in  twenty-four  hours  at  the  ordinary 
temperature.  For  example,  a  solution  of  the  nitroainino  in  which  the 
acid  was  at  a  concentration  of  2A^,  showed  no  signs  of  change  in 
forty-eight  hours,  but  contained  nitroaniline  after  seventy-two  hours. 
Neither  variation  in  tlie  concentration  of  the  acid  or  of  the  nitro- 
amine  had  any  effect  on  the  relative  quantities  of  the  two  nitro- 
anilines,  or  on  the  course  of  the  transformation,  but  with  dilute 
solutions,  0*75  — 15  grams  in  100  c.c.  of  the  solvent,  the  separation  of 
the  two  anilines  was  simplified.  Of  the  common  strong  acids,  hydro- 
chloric  add  is  the  most  effective  in  producing  the  rearrangement.  Ag 
a  weaker  acid,  sulphuric  add  at  equivalent  concentrations  does  not 
accelerate  the  change  so  greatly  as  hydrochloric  add,  whilst,  in  the 
presence  of  the  stronger  nitrie  and  hydrobromio  acids,  reduction  of 
nitroamine  is  the  main  reaction. 

Comparatiye  experiments  were  made  with  the  isomeric  3 : 4-dibromo- 
l-nitroaminobensene,  in  which  one  ortho*  instead  of  the  para>pontion 
is  vacant.  No  wandering  of  a  broiAine  atom  was  discernible^  2 : 4-di* 
bromo-6-nitroaniline  bdng  the  sole  prodoet. 

The  behaTtoor  of  ••tribromo-l-nitroaminobeniene,  nnder  similar 
treatmenti  was  also  examined,  and  was  fonnd  to  be  surprisingly  similar 
to  that  of  the  2 : 6-dibromo-compound,  with  this  one  diffsrenceii 
Whereas  in  the  case  of  the  2  :  6-dibromonitroaminobenzene,  notwith- 
standing that  the  para-position  is  vacant,  partial  displacement  of  an 
ortho-placed  bromine  takes  place,  the  bromine  again  entering  the 
nucleus,  transformation  of  the  s-tribromonitroamine  into  a  nitro- 
aniline am  only  occur  with  replckceme7it  of  bromine,  which  appears  in 
the  solution.*  The  nitroamine  was  transformed  into  a  mixture  of 
2  : 4-dibromo-6-nitro-  and  2  :  6-dibrumo-4  nitro-anilines,  which  are 
present  in  approximately  the  same  proportion  as  that  obtained  from 
the  2  :  6-dibromonitroamine.  The  change  appeared  somewhat  slower 
with  the  s-tribromo-derivative  for  the  lower  concentrations  of  hydro- 
chloric add,  but  in  both  cases  at  a  ooneentration  of  8— 9i)r  no  nitro- 
amine remained  after  twenty-four  hours. 

*  Tho  displacomont  of  bromiue  in  the  ])ara- position  by  the  nitro-group  (and 
formation  of  «-tribromouitroamiuobonzcue)  in  tho  action  of  nitric  acid  on  ««tribromo- 
Miiline  has  alnady  been  doaeribed  1^  one  of  ne  (Trana,  1902,  81,  490).  In  the 
aaiiM  eomainiiieatioD,  the  reforenoea  in  the  Utentnre  to  simibr  dieplacemanta  in 
«^trirabatitDted  bromoanilinea  and  phenola  an  ooUeeted. 
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A  great  contrast  is  offered  by  the  behayiour  of  ••trichloronitro- 
•mine.  No  nitroanUtne  is  formed,  that  is,  no  replacement  of  chlorine 
by  the  nitro^group.  oocnrs.  The  characteristic  product  is  chloroanil 
(toteofalorobenioqmiioiie),  trichloroaniline  being  formed  at  the  same 
timet.  Under  aimilar  oonditioDS  as  to  solyent  and  concentiation  of  add, 
tbie  reaetion  does  not  take  plaoe  so  rapidly  as  the  transformation  of  the 
di-  and  tri-bromonitroamines.  The  formation  of  s-trichloroanilina 
points  to  hydrolysiB  of  tbo  nitroaminobensene  as  one  of  the  steps  in 
the  change : 

C^HjOVNH-NOg  +  H^O  =  C6H2C13-NH2  ^  HNO3. 

It  may  be  supposed  that  the  chlorine  arising  from  the  interaction  of 
the  nitrio  and  hydroehloric  aoids  converts  some  of  the  t-trichloroaniline 
into  tetrachlorobensoqninone.  Similar  hydrolysis  might  be  expeoted 
as  a  side  reaetion  in  the  transformation  of  the  bromonitroamines ;  the 
presenoe  of  very  small  quantities  of  bases  in  the  mother  liquors  from 
(he  nitroaniline  indicated  that  such  occurred. 

XTnder  the  conditions  here  described,  no  traces  of  the  quinoneanils 
(phenyliminoquinones),  recorded  by  one  of  us  and  Miss  Smith  (Trans., 
1905, 87,  809 ;  tftui.,  1907,  91,  146),  were  formed.  In  the  production 
of  these  compounds,  which  arise  in  the  action  of  sulphuric  acid  on  the 
nitroamines  in  acetic  acid  solution,  there  is  both  replacement  of 
halogen  (in  the  case  of  s-tribromonitroamiuobciizene)  and  migration  of 
halogen  from  one  carbon  atom  to  another  of  the  benzene  nucleus,  in  the 
manner  shown  by  the  following  constitutional  formulae : 

_Br  Bi^ 

Br  Hr 
Br  Br  Br 

~bv  bT 
CI  CI  Cl^ 

>■  o:/~^:n<:^  yen 

or 

How  far  the  reactions  recorded  in  this  paper  are  analogous  to  these 
transformations  cannot  at  present  be  decided,  but  the  fact  that 

2  :  6-dibromonitroaminobenzene,  in  which  the  migration  of  bromine  is  • 
^    observed  during  the  conver&iou  into  nitroanilines,  yields  no  quinoneanil, 
but  mainly  2  : 6-dibromo-4-nitroaniline,  when  treated  with  sulphuric 
acid  in  acetic  acid  solution  (loc,  ciL)  suggests  some  considerable 
difference. 
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The  iiitroanilines,  although  the  main,  are  not  the  sole  products  of 
the  transformation  of  the  nit  roam  in  ca  in  dilute  alcoholic  or  acetic  acid 
solution  in  the  presence  of  hydrochloric  or  sulphuric  acids.  In  all 
caaeS)  reduction  of  a  small  amount  of  the  nitroamine  to  diaso- 
compound  takes  place  :  Ar'NH'NOg  — >■  (Ar'Ng)*.  With  other  acids, 
nitric  and  hydrobromic,  this  prodoction  of  diazo-compound  aanunes 
much  lar^  proportions.  In  the  case  of  «-triehloronit«Muninobenxeiie» 
the  redaction  is  quantitatiTef  bromine  being  liberated  when  hjdio- 
bromie  add  is  nsed : 

C,H201,«NH*N02  +  2HBr  — >  (C^HjClg-Ng)'  +  Ufi  +  Br^. 

Hydrobromic  acid  and  the  ^J-tribromo-derivative  yield  the  very 
sparingly  soluble  diazonium  perbromide,  CjHjBrg'Nj'Brj.  At  the 
same  time,  a  small  amount  of  the  two  nitrobromoanilines,  the  main 
products  of  tho  reaction  with  hydrochloric  acid,  can  bo  isolated. 
When,  however,  nitric  acid  is  used,  although  reduction  is  still  the 
main  reaction,  replacement  of  the  bromine  by  the  uitro-group  assumes 
larger  proportions. 

With  2 : 6-dibromonitroaminobenzene,  the  reaction  with  hydro- 
bromic  acid  is  more  complicated,  for  the  bromine  set  free  in  the 
reduction  of  the  hydrobromic  acid  converts  unchanged  dibromonitro- 
amine  into  »>tribromonitroaminey  which  in  its  turn  is  reduced  to 
diaso-oomponnd.  Besides  the  rednction  and  bromination,  the 
migration  of  the  nitro-groap  also  takes  place,  and  to  a  larger  extent 
than  is  the  case  with  s-tribromonitroamine  under  the  same  con- 
ditions, both  the  dibromonitroanilines  being  easily  isolated  and 
separated. 

It  would  be  premature  to  attempt  to  account  for  the  varying 
behaviour  of  these  nitrcamines,  or  for  the  part  played  by  the  hydro- 
diloric  (or  sulphuric)  add.  Although  the  union  of  the  add  with  the 
nitroamine  as  a  preliminary  step  in  the  changes  appears  an  attractive 
view,  little  experimental  evidence  can  at  present  be  brought  forward  in 
its  favour. 

Attention  may  l)o  drawn  to  the  marked  effect  of  symmetry  of  the 
benzene  nucleus  in  determining  the  point  of  attachment  of  the 
migrating  nitro-group.  Comparison  of  2  :  6-dibromo-  with  2  :  4-di- 
bromo  nitroamines  illustrates  this  fact  clearly.  In  the  symmetrical 
2  :  6-dibromo-derivative,  tho  nitro-group  migrates  both  to  tho  ortho- 
and  para-positions,  where^is  in  the  2  : 4-dibromonitroamine  the 
wandering  is  exclusively  to  the  ortho-position. 
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EZPRBIMBHTAL. 


Br 


Trimffcrmaiion  of  2 :  6*/>iiroino-l-ntlroeimtfiofl«nMfM| 


►NH-NO,. 


S :  G-Dibromo-l-nitraainiiiobenteDe  can  nadily  be  prepared  in  large 
f|iiantitj  by  the  method  previonaly  deeeribedfrom  2 : 6-dibronioam1iDe 
(Orton,  Trans.,  1902,  81,  808;  Orton  and  Smith,  Trans.,  1905, 
87,  897).  The  solabiHties  of  the  nitroamine  in  water  and  in  26  per 
•eent  aloohol  were  determined  at  the  laboratory  temperature.  The 
meaBurements  were  made  either  by  treating  known  weights  with  a 
given  quantity  of  solvent  and  weighing  the  undissolved  material,  or, 
with  a  somewhat  less  degree  of  aocuracj,  by  titrating  the  saturated 
eolations  with  baryta  in  the  presence  of  phenolphthalein : 

100  grams  of  water  dissolved  0  07 15  gram  at  II -5°. 

1 00      „      25  per  cent,  aloohol  difisolved  01 65  gram  at  lO"". 


The  last  number  was  obtained  by  titrating  the  saturated  solution. 

Barium  2  :  Q-Dibronuniilroaminobenzmm,  (CgHgl>r2'N;NO'0)2Ba,2JH20. 

This  salt  was  prepared  from  the  sodium  salt  and  barium  chloride ; 
it  crystallises  in  lustrous,  nacreous  plates,  and  is  exceptionally  soluble 
in  water: 

0-2060  at  105°  lost  0  0125  ILO.    H2O  =  6'06. 
0-20G0  gave  0  0G18  BaSO^.  "Ba-17-6. 

C„HgO,N^Br^Ba,2iH,0  requires  H^()  =  5  0  ;  Ba=  17-79  per  cent. 

The  molecular  rearrangement  of  the  nitroamine  was  studied  under 
a  variety  of  conditions.  solvents  were  used  water,  acetic  acid 
(glacial,  80  per  cent,  and  20  per  cent.),  and  aqueous  alcohol  (50  per 
cent,  and  25  per  cent.),  and  as  acids  hydrochloric  and  sulphuric 
acids.  These  varying  conditions  seemed  not  to  cause  any  marked 
difference  in  the  course  of  the  transformation.  The  low  solubility 
of  the  nitroamine  in  water  renders  this  solvent  unsuitable.  Fifty 
per  cent,  aqueous  alcohol  dissolves  the  nitroamine  freely,  and  at  the 
same  time  is  particularly  adapted  to  effect  an  initial  separation  of  the 
two  anilines  when  a  certain  concentration  of  the  nitroamine  is  used. 

In  the  case  of  water  and  25  per  cent,  alcohol,  saturated  solutions  of 
the  nitroamine  were  employed,  but  with  the  other  solvents  the  solntion 
conUuned  1*5  grams  per  100  o.c.  (v»19*7).  In  the  case  of  50  per 
cent,  alcohol,  this  concentration  gave  an  initial  separation  consisting 
mainly  of  2 : 8-dibromo-4-nitroaniline. 
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The  strongtii  of  the  acid  has  a  marked  effect  on  the  speed  of  the 
change.  Of  the  iwo  acids  meotioned  above,  sulphuric  acid  is  therefore 
the  least  effective. 

At  low  ooncentrationSf  the  speed  of  the  reaction  ia  inconsiderable, 
but  it  is  completed  in  twenty-four  hours  when  the  concentration  of 
the  acid  is  more  than  8i\r. 

Using  2it^-hydrochloric  acid  (and  60  per  oent^  alcohol),  a  Forj  pale 
yellow  colour  only  appeared  after  eeventy-two  hours;  with  4i^- 
hydrochloric  add,  the  solution  had  assumed  a  yellow  colour  in  twen^- 
four  hours,  but  a  separation  of  crystals  of  aniline  only  began  after 
eight  days ;  with  6^-hydrochloric  acid,  a  faint  colour  developed  in  a. 
few  minutes,  and  a  separation  of  crystals  had  begun  in  twenty  hours ; 
with  7itr*hydrochloiic  acid,  the  separation  after  twenty-four  hours  was 
greater  than  with  OiT. 

The  crystalline  separation  consisted  in  all  cases  of  yellow  needles, 
representing  about  one-third  of  the  nitroamine  when  a  solution  in 
50  per  cent,  alcohol  was  usetl  at  the  concentratiou  mentioned  above, 
but  only  somewhat  more  than  ODe^iifth  if  a  saturated  solution  in 
25  per  cent,  alcohol  was  employed. 

The  crystals  from  the  latter  solution  softened  at  118°,  and  were 
completely  molten  below  160°,  whilst  those  from  the  former  softened 
about  1C0°,  and  were  completely  molten  at  185 — 190°.  Repeated 
crystallisation  of  both  materials  from  alcohol  tiually  gave  puro 
2  : 6-dibromo-4-nitroaniline  melting  at  202 — 204°.  The  isomeric 
2  : 4-dibromo-6-mtroaDiline  was  isokted  from  the  mother  liquor  as 
follows :  the  50  per  cent,  aqueous  alcohol  was  diluted  with  an  equal 
volume  of  saturated  sodium  carbonate  solutiooi  whereupon  yellow 
needles  slowly  separated,  representing  about  one*third  of  the  original 
nitroamine.  Repeated  crystallisation  of  the  dfstals  (melting  at 
110— lis*")  slowly  raised  the  melting  point  to  125^126^  «he  melting 
point  of  the  dibromo^-nitroaniline.^  Purification  was,  however,  more 
satisfactorily  effeeted  by  acetylating  this  material  by  boiling  in 
acetic  add  solution  with  acetyl  chloride.  The  material,  which 
separated  on  adding  water,  was  reerystallised  twice  from  benaene, 
from  which  solvent  slender,  colourless  needles  were  obtained  melting 
at  208 — 209^,  the  melting  point  of  2  ;  4-dibromo-6-nitroaoetamlide. 
They  did  not  lower  the  melting  point  of  the  aniiide  prepared  from 
2  : 4-dibromoacetanilide. 

Tlie  aiiilide  dissolves  readily  in  10  per  cent,  aqueous  pota^^ium 
hydroxide,  as  do  all  sui  li  dihalogen-o-  or  -/7-nitroacetanilides  (Orton, 
Trans.,  1902,  81,  496).  Hydrolysis  was  rapidly  effected  by  boiling 
this  solution,  and  as  the  hydrolysis  proceeded  the  aniline  separated  in 
deep  yellow  or  orange  needles,  which  melted  at  12(> — 127"  and  did 
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Dot  afEect  the  melting  point  of  a  specimen  of  the  aniline  prepared 

directly : 

0-2104  gave  0-2356  AgBr.    Br  =  47'66. 

OaU^OfNjBr,  requires  Br  «>  47*32  per  cent. 

Jhm^crmatum  qf  B^TribramoA-nUrocuninobmiBtm. 

The  bebaviour  of  solutions  of  this  nitroamine  in  aqueous,  aqueous 
alcohol,  or  aqueous  acetic  acid  media,  wliich  are  acidified  with  hydro- 
chloric or  Bulphuric  acid,  resembles  that  of  2  :  G-dibromoniLroamino- 
benzene  in  a  remarkable  manner.  Similar  strengths  of  acid  determine 
approximately  similar  speeds  of  decomposition,  and  the  proportion  of 
O'  and  /7-nitroaniline  is  approximately  the  same.  The  yellow  crjatals 
which  first  separate  melt  at  172 — 183°,  whilst  the  material  deposited 
After  dilution  with  sodium  carbonate  melts  below  110°.  From  the 
material  of  higher  melting  point,  pore  2  :  6-dibromo-4-nitroaniIine 
can  be  obtained,  and  from  that  of  lower  melting  point  the  isomeric 
dibromo-e-nitroanillDei  by  the  prooednre  which  has  been  deeeribed 
above. 

The  great  difference  between  the  two  nitroamines  lies  in  the  fact 
that  bromine  is  set  free  during  the  conversion  of  the  #-tribromo« 
derivative  into  nitrosnilines.  Estimation  of  the  bromine  was  not 
{metieable  in  the  oomplex  miztores  dealt  with. 

IVam/orniation  of  H-lVichlorouilroaininobenzene. 

With  the  lower  concentrations  of  acid,  decomposition  of  this  nitro- 
amine is  far  slower  J  with  higher  concentrations,  large  crystals  of 
tetrachlorobenzoquinone  are  slowly  deposited.  The  solution  remains 
nearly  colourless  during  the^  reaction,  never  acquiring  the  yellow 
colour  indicative  of  the  presence  of  the  nitroanilines.  t-Trichloro- 
aniline  was  recognised  in  the  mother  liquor  from  the  chloroanil  by 
diluting  largely,  partly  neutralising  with  sodium  carbonate,  and 
then  extracting  three  times  with  chloroform.  The  residue  remaining 
on  evaporating  the  solvent  was  extracted  with  hot  dilute  alcohol, 
which  left  tetrachlorobensoquinone  undissolved.  From  this  solution, 
^•trichloroaniline  separated  in  colourless  needles  melting  at  76^. 

Heduclion  qf  jViiro<imine8  in  the  Presence  oj  II ydrobromic  and 

Nitric  Acids, 

The  presence  of  diasonium  salts  can  always  be  recognised  when  the 
nitroamines  have  changed  under  the  influence  of  hydrochloric  or* 
eolphoric  acid,  although  the  quantity  is  but  small.   In  order  to 
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detect  the  diazo-compound,  an  aqueous  solution  of  resoroinill  is  added 

to  the  liquid,  the  acidity  of  the  solution  being  c&utiouslj  reduced  by 
sodium  carbonate ;  a  slight  precipitate  of  the  azo-compound  is 
formed,  or,  when  the  quantity  is  exceptionally  u^inute,  coloration 
alone  results. 

With  hydrobroraic  and  nitric  acids,  however,  reduction  to  the 
diazo  compound  becomes  the  chief  reaction.  The  nitric  acid  is 
evidently  reduced  in  the  presence  of  alcohol,  or  even  of  acetic  acid,  to 
nitrous  acid,  which  then  reacts  with  the  nitroaminee  in  the  usual 
way. 

Ti  ichloro-  and  s  tribromo-nitroaminobenzenos  are  rapidly  and 
quantitatively  reduced  in  50  per  cent,  aqueous  alcohol  or  acetic  acid 
solution  containing  hydrobromic  acid  at  concentrations  of  5 — 6A> 
the  solution  assuming  both  the  colour  and  odour  of  bromine.  In  the 
ease  of  the  «-trichloro-derivative,  no  precipitation  occurs,  and  the 
diazo-compound  can  be  isolated  after  removing  bromine  by  ooapling 
with  /9>naphtho1  or  resordnol.  The  trichlorobenzeneazonaphthol, 
after  reorystalliaation  from  acetic  acid,  melted  at  144 — 145%  the 
pure  compound  melting  at  145 — 146°  (Orton  and  Smith,  Trans., 
1905,  87,  395).  Porther,  on  adding  aloobol  to  the  mixture  and 
wanning,  the  diaso^mpoond  can  be  oonverted  intot-trieblofobenaene, 
a  reaction  which  is  qnantitatiTO  under  the  conditions. 

In  the  case  of  s*tribromonitroaminobenanne,  the  Tery  low  solubility 
of  the  diasoninm  perbromide,  C0H2Brg*N^r3,  effected  an  appros- 
imately  quantitatiye  separation  of  the  diaao-oompound.  The  per- 
bromide separated  in  long»  orange  needles,  which  decomposed  at  about 
140^,  and  was  recognised  by  its  conversion  into  s-tribromobeniene  by 
alcohol,  by  its  conpling  with  /3-naphthol  in  alcoholic  solation  with  the 
formation  of  s-tribromobenzeneasonaphthol,  and  by  giving  a  precipitate 
of  silver  bromide  with  alcoholic  silver  nitrate. 

The  2 :  6*dibromomtroam{nobensane  reacts  in  a  more  complicated 
way  with  hydrobromic  acid,  owing  to  the  reduction  to  diazo-compound 
and  the  wandering  of  the  nitro-group  taking  place  simultaneously. 
Moreover,  bromine,  set  free  in  the  oxidation  of  the  hydrobromic  acid, 
converts  some  of  the  unchanged  dibromonitroamino  into  ,s  triliromo- 
nitroamine,  which  is  then  in  its  turn  reduced  b}'  hydrobromic  acid. 
Using  50  per  cent,  alcohol  and  concentrations  of  hydrobromic  acid 
— 6iV,  the  yellow,  crystalline  precipitate  consists  of  a  mixture  of 
nitroanilinos  which  have  the  usual  {)roperties,  both  the  2  :  6-dibromo- 
4-nitro-  and  the  2 : 4-dibromo-6-nitro-aniline  being  recognised  and 
isolated.  The  mother  liquor  contained  much  diazo-compound,  as 
indicated  l)y  the  reaction  with  /^-naphtliol  or  rcsorcinol.  s-Tribromo- 
diazoben/i'iic  was  det  ertrd  hy  adding  alcohol  and  distilling,  when  pure 
tf-tribromobenzene  (m.  p.  iVJ^)  passed  over.    The  detection  of  2  :6^li- 
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bromodiazobenzene,  which  should  be  present,  woald  be  a  matter  of 
considerable  difficulty  in  the  presence  of  a  ^tribromo-derivative. 

The  use  of  nitric  acid  gives  similar,  but  less  distinct,  results* 
s-Trichloronitroaminobenzene  slowly  decomposed  in  solution  in  50  per 
centi  acetic  acid  contatning  nitric  acid  (which  was  freed  from  nitrous 
add  by  carbamide  nitrate)  at  a  concentration  of  9N.  The  liquid 
developed  very  little  cobnr,  and,  when  all  the  nitroamine  had  die- 
appeared,  contained  only  the  diaio-compouod,  which  waa  iadiated  by 
coupling  with  /9-naphth<^. 

With  e-tiibromonitroaminobeniene,  a  similar  reaction  takes  place,  but 
the  evolution  of  bromine  points  to  the  replacement  of  bromine  by  the 
nitro-group.  The  small  extent  of  this  reaction,  however,  did  not 
permit  of  the  isolation  of  the  dibromonitroanilines. 

In  the  case  of  2  :  G  dibromonitroamine,  beyond  the  production  of 
diazo-com pound,  no  very  decisive  indications  were  obtained.  If  nitro- 
aoiline  is  formed  by  migration  of  the  uitro  groap  (and  such  is  not  only 
probable,  but  is  indicated  by  tlie  calour  which  rapidly  develops  in  tho 
mixture),  diazotisation  would  be  expected  to  follow,  owing  to  reduction 
of  the  nitric  acid.  The  absence  of  separation  of  nitroiniline  would  be 
accounted  for  in  this  way. 

Br 

This  nitroamine  is  prepared  by  a  method  which  is  a  slight  moditica- 
tion  of  that  originally  used  by  one  of  us  (Orton,  Trjins.,  1902,  81, 
306),  in  which  a  solution  of  the  aniline  in  acetic  acid  was  successively 
treated  with  nitric  acid  and  acetic  anhydride.  Tho  nitric  acid,  free 
from  nitrous  acid,  was  prepared  from  fuming  nitric  acid  in  the  following 
way.  The  fuming  acid  was  cooled  by  ice  and  treated  with  small 
quantities  of  powdered  carbamide  nitrate,  whereupon  it  became 
colourless  and  at  the  same  time  diluted  to  87  or  88  per  cent,  nitric 
acid. 

Ten  grams  of  the  2 :  4>dibromoaniline  dissolved  in  25  c.c.  gladal 
acetic  acid,  cooled  to  the  freezing  point  of  the  solution,  are  slowly 
added  to  a  mixture  of  5  c.c.  of  the  nitric  acid,  prepared  as  above, 

25  c.c.  of  acetic  acid,  and  25  c.c.  of  acetic  anhydride,  the  temperature 
being  maintained  at  tho  freezing  point  of  the  solution.  The  solution 
of  nitric  acid  is  prepared  by  adding  the  nitric  acid  slowly  to  tho 
acetic  acid  and  then  introducing  the  acetic  anhydride,  the  temperature 
being  kept  throughout  .is  low  as  j)Ossible;  with  care,  only  traces  of 
nitrous  acid  are  formed.  After  admixture,  the  solution  has  a  dull 
purple  colour,  and  should  contain  no  undissolved  solid  material.  Jt  is 
poured  into  500  c.c.  of  ice-cold  water,  and  thu  oil  which  separatee 

3  C  2  ^ 
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•ztneted  with  chloroform ,  a  Bmall  amount  of  diazoniom  nJt  alone 
remaining  in  the  aqueous  ncid  liquor.    The  chloroform  solution  is  freed 

from  acetic  acid  by  shaking  three  times  with  small  quantities  of  water, 
ami  then  the  iiitroamine  is  extracted  by  means  of  acjueous  soiiiuiii 
carbonate.  The  chloroform  hoally  only  contains  a  small  quantity  of 
2  : 4-dil)i  oino  (i-uitroaniline.  The  solution  of  sodium  carbonate  is 
carefully  titrated  with  5  per  cent.  hydrochloric  acid  to 
remove  excess  of  alkali,  the  mixture  being  left  just  alkaline.  The 
liquid  is  then  heated  nearly  to  boiling  point,  and  a  warm  solution  of 
barium  chloride  ia  added  in  some  excess  of  the  quantity  equivalent  to 
a  theoretical  yield  of  uitroamine.  The  hot  solution  is  filtered  from 
any  barium  carbonate  which  may  be  precipitated,  and  on  cooling 
deposits  the  barium  salt  of  the  nitroamine  in  large,  colourless  plates. 
The  salt  is  very  sparingly  soluble  in  oold  water,  but  can  be  readily 
recrystallised  from  boiling  water  : 

0*6123  lost,  over  salphano  acid,  0  0398  Rfi^   Hfi  -  5*87. 

0*43iS  anhydrous  aallr  gave  0*1365  BaSOf.   Ba  - 18-66, 
O^^Ufi^Vffirfi^t^'Hfi  requires  H,0*6'83  per  cent. 
OuH^O^NfBr^Ba  lequires  Ba«>  18*84  per  oent. 

The  niiroainiiie  is  prepared  from  the  barium  salt  as  follows: 
0*6  gram  of  the  salt  is  dissolved  in  100  cc.  of  water  at  30^,  and  a 
half  per  cent,  solution  of  hydrochloric  acid  slowly  added  in  some 
excess.    The  nitroamine  begins  immediately  to  crystallise  out.  When 

the  mixture  is  cold,  the  nitroamine  is  collected,  washed  with  water, 
and  dried  over  sulphuric  acid.  It  crystallises  in  lustrous, 
transparent  platci^,  which  are  often  greatly  elongated ;  it  melts 
at  05^ : 

0*1417  gave  01705  AgBr.    Br  =  53-92. 

U^U^OgNsBri  requires  Br  »  54*0  per  cent. 

The  nitroamine  ^dissolves  readily  in  all  organic  solvents  with  tlie 
exception  of  petroleum,  from  which  solvent  it  eiystaUises  in  large» 
colourless  plates.  It  dissolves  very  sparingly  in  cold  water,  yielding 
an  add  solution,  and  can  be  recrystallised  from  water  which  has  been 
saturated  at  30^. 

7Van»formcUion  of  the  Nilroamim  into  2  :  i'DibromO'Q'nitroaniline. — 
Solutions  of  the  nitroamine  appear  to  be  permanent,  remaining  colour- 
le»ss  for  an  indeiinite  period.  Aciditication  with  strong  acids  of  the 
acpieuiis,  uiiueous  acetic,  or  glacial  acetic  acid  solutions  brings  about 
the  migration  of  the  nitro-group.  For  corresponding  concentrations  of 
acids,  the  sj)eed  of  the  change  is  greatest  in  the  glacial  acetic  acid. 
The  most  suitable  nudiiitu  is  a  1  to  5  per  cent,  solution  of  the 
nitroamine  in  ghicial  acetic  acid  to  which  has  been  added  sufficient 
iumuig  hydrochluriu  acid  to  pruduvo  a  :^i,V-aoiutiou.    This  uixtui-e  ia 
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kept  at  26**,  when  the  change  ia  completed  in  a  couple  of  hoars.  The 
pnly  aniline  produced  is  2 : 4-dibr6mo-6*nitroanilme,  bnt  a  small 
quantity  of  diawHSompound,  arising  from  reduction  of  the  nitroamine, 
can  be  detected  in  the  usual  way. 

•  * 

Preparation  of  2  :  ^-Dil/romoanUine. 

We  have  materially  modified  Heinichen's  {Annalmt  1880»  263, 
276)  method  of  preparing  2 : 6-dtbroaioaniltne,  and  have  thereby 
increased  the  yield.  Following  this  author's  procedure,  sulphanilic 
add  In  hydrochloric  acid  solution  Is  brominated  by  means  of  sodium 
hypobromite,  great  care  being  taken  to  keep  the  temperature  at  0°. 
Ko  t-tribromoaniline  should  separate  when  the  operation  Is  correctly 
performed.  To  the  resulting  liquid,  barium  chloride  is  a^ded^and  then 
barium  hydroxide  until  the  mixture  is  neutral.  The  barium  salt, 
(NH2*C^H2Br,*S03)2Ba,2HjO,  separates  Immediately,  34*6  grams  of 
snlphaoilio  acid  yielding  85  grams  of  the  salt.  Concentration  of  the 
mother  liquor  gives  a  further  small  quantity. 

In  order  to  convert  the  dibromosulphanilic  acid  into  2 : 6-dtbromo- 
aniline,  it  is  unnecessary  to  isolate  the  acid  frpm  the  barium  salt,  which 
was  the  course  followed  by  Heinichen.  It  is  simpler  to  treat  the 
hydrated  salt,  which  has  been  dried  in  air,  directly  with  sulphuric  acid 
in  the  propDrbion  :  20  grama  of  the  salt,  72  grams  of  sulphuric  acid,  and 
18  grams  of  water.  Superheated  steam  is  then  passed  through  tho 
mixture,  which  is  maintained  at  a  temperature  of  IGO — 180*^  in  an 
oil-bath.  2  :  G-Dibromoanilino  is  formed  by  the  hydrolysis  of  the 
sulphooic  acid,  and  begins  to  distil  over  immediately.  After  two  and 
a-half  hours,  when  the  hydrolysis  is  finished,  tho  temperature  is 
lowered  to  120*^,  whereupon  the  sulphuric  acid  becomes  more  dilute, 
and  the  major  part  of  the  2  :  6-dibromoaniline  distils  over.  The  yield 
of  recrystallised  material  amounted  to  84  per  cent,  of  the  theoretical. 

UHiVKSstTT  Couaos  or  Kobtb  Waikb, 
Bavoob. 


LXVIIL— 2%c   Action    of  Thionyl  Chloride  on  the 
Methylene  Ethers  of  Catechol  Derivatives,    Part  II. 

Fijyeroiiyloin,  Piperita  and  Hydvopipevoin. 

By  Gbobgb  Babobr  and  Arthur  Jambs  Ewiks. 

Recently,  one  of  us  has  shown  (rrans.,  1908,  93,  563)  that  tho 
methylene  ethers  of  catechol  derivatives  are  converted  into  tho  corre- 
sponding cyclic  carbonates  by  heating  with  an  excess  of  thionyl  chloride 
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to  180 — ^200^.  The  same  carbonates  are  formed  by  treatment  of  the 
ehlorine  derivatiyeB»  whioh  result  from  the  action  of  phoephoroB  penta- 
chloride  on  the  methylene  ethers*  with  odd  water,  so  that  the  effect  of 
thionyl  chloride  is  equivalent  to  that  of  phosphorus  pentachloride  and 
water. 

In  the  previous  paper,  the  action  of  thionyl  chloride  on  piperonyl 
alcohol,  piperonal,  and  piperonylio  acid  was  described ;  in  the  present 
one,  we  deal  with  its  action  on  compounds  containing  two  catechol  nuclei, 
namely,  piperonyloin,  pi  peril,  and  hydro-  and  Mohydro-piperoin.  A 
large  excess  of  thionyl  chloiide  was  found  to  be  necessary,  and  serves 
as  solvent  from  which  the  reaction  product  crystallises  on  cooling. 
With  smaller  quantities  of  thionyl  chloride,  whether  in  the  presence 
or  absence  of  an  indifferent  solvent,  a  great  deal  of  dtM  omposition 
always  took  place.  Besides  oxidising  the  methylene  groups  to 
carbonyl,  thionyl  chloride  chlorinates  the  fatty  chain  linking  the  two 
benzene  nuclei.  The  symmetrical  grouping,  CIl(OH)*CIf (OH ),  o( 
hydropiperoin  is  thm;  converted  into  CHCl-CHCI,  but  the  asymmetrical 
grouping  of  piperonyloin,  CH(OH)*CO,  is  oxidised  to  CCIj'CO,  so  that 
the  same  substance  is  obtained  as  from  the  diketone  piperil.  Under 
the  conditions  employed  in  the  production  of  cyclic  carbonates,  thionyl 
chloride  was  found  to  act  in  an  analogous  way  on  benzoin  and  benzil, 
oxidising  the  former,  and  converting  both  to  dichlorobensU,  in  the 
same  way  that  phosphorus  pentachloride  acts  on  these  substances. 

Only  in  the  case  of  the  chloro-derivative  from  piperonyloin  (and 
piperil)  were  we  able  to  remove  the  chlorine  from  the  fatty  chain ;  we 
thus  obtained  a  dicarbonate  of  tetrahydroxybenxil,  and,  from  this, 
tetrahydrozybenzil  itself;  the  constitution  of  the  latter  substance 
was  proved  by  conversion  into  veratril,  previously  obtained  from 
veratraldehyde. 

EZPBBIMBNTAL. 

3:4:3':  4! -Dvcarbonyldioxy-aQrdicldorodeoxybtwtoin^ 
00<^C,U,00'OCI,C',H,<^C». 

2  .3  (Jiams  of  piperonyloin  were  heated  with  10  c.c.  of  thionyl 
chloride  in  a  sealed  tube  to  180^  for  .^even  hours.  There  was  an 
unusually  great  pressure  in  the  tube,  and,  on  opening,  sulphur  dioxide 
and  hydrogen  chloride  escaped.  On  cooling  in  a  freezing  mixture,  the 
dark  red  solution  deposited  crystals,  which  were  collected,  washed 
with  bonzeno,  and  recrystallised  from  xylene.  Warty  masses  were 
obtained,  which,  after  several  crystalligations,  separated  in  short, 
broad  priems  melting  at  191 — 192^  The  yield  was  60  per  ctnt.  of 
the  theoretical: 
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01770  gave  0-3270  00,  and  0-0264  HjO.   O  -  60-6  ;  H  - 1*7. 
0*1421        (by  fasion  with  potassium  nitrate  and  sodium  carbonate) 
0-1094  AgCl.  CI  =19  0. 

C^.H^PyClg  requires  C  =  50-4  ;  H  =  1-6  ;  CI  =  18  6  per  cent. 
The  molecular  weight  was  determined,  by  a  microscopic  method 
which  we  described  some  time  ago  (Trans.,  1905,  87,  175G),  in  glacial 
acedc  ucid  at  85 — 90°  benzil  being  employed  as  standard.  0*157  Gram 
iu  2-7;^  ^'lams  of  acetic  acid  waa  iotermediate  between 0*16  mol.  and  018 
mol.,  whence  M- 320— 360,  mean  340.  (^i^UfijOi^  requiroB  M-381. 

8:4:3':  A'^Diearbonyldioocy benzil ^ 
C0<^CeH3-C0C0-CaH,<^>C0. 

0  5  Gram  of  the  substance  just  described  was  boiled  with  10  c.c.  of 
anhydrous  formic  acid ;  hydrogen  chloride  was  evolved,  and  the  sub* 
stance  gradually  passed  into  solution.  When  no  more  hydrogen 
chloride  was  given  off,  the  hot  solution  was  filtered.  On  cooling,  long, 
thin  prisms  separated,  melting  at  214— >2i6°  with  effervescence, 
characteristic  of  catechol  carbonates.  After  washing  with  cold  water, 
until  the  washings  were  not  coloured  by  ferric  chloride,  in  order  to 
remove  a  little  of  the  corresponding  free  catechol  derivative,  the 
crystals  were  dried  over  sulphuric  add  in  a  vacuum  and  analysed  ; 
the  melting  point  remained  unchanged : 

0  0828  gave  0-1776  CO2  and  0*0228  Hfi.    C  =  58-5  ;  H-2-9. 

Cj^HjjOjj  requires  C  =  58-9;  H=l-8  percent. 

3:4:3':  ^'-iJicarbonyldioxi/benzil  is  readily  hydrolysed  by  boiling 
with  water,  or  by  the  addition  of  alkali,  to  tetrahydroxybenzil. 

3:4:3':  i'-Teiraksfdroxs^mnMa,  (H0),0A*<^'C)0*<^«^i(0B)8* 

The  removal  of  the  two  chlorine  atoms  from  the  product  of  the 
reaction  between  thionyl  chloride  and  piperunyloin,  without  hydro- 
lysing  the  carbonate,  was  accomplished  by  formic  acid,  as  stated 
above,  but  the  other  reiigeuts  employed  for  a  similar  purpose  by 
Fauly  (Ber*,  1907,  40,  3096),  namely,  oxalic  acid,  succinic  acid,  and 
sulphuric  acid,  were  found  to  be  unsuitable  for  this  purpose,  no  pure 
carbonate  being  obtainable.  The  crude  reaction  product,  however, 
leadily  yielded  tetrahydroxybenadl  on  boiling  with  water.  One  gram 
of  3 : 4  :  3' :  4'-dicarbonyldioxy-aaHiiohlorodeoxybenzoin  was  intimately 
mixed  with  0*8  gram  of  anhydrous  oxalic  add,  and  the  mixture  was 
carefully  heated  until  there  was  no  longer  any  evolution  of  gas.  It 
waa  then  boiled  with  water  for  several  hoars,  a  little  animal  charcoal 
being  added  towards  the  end.   On  conceatiating  the  filtered  bolution* 
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the  snbstaaoe  orystalliaed ;  it  was  reerystaUiBad  from  "water  and  dried 

01588  gave  0*8573  GO,  and  0*0510  H,0.  0-61*4 ;  H-3*6. 

Cj^HjoO^  requires  C«61*3 ;  H- 8*6  per  cent. 

T^rahydroxyhenzil  forms  yellow  prisms  melting  at  236°.  It  is 
readily  soluble  iu  hot  water,  from  which  it  separates  with  two  mole- 
cules of  water  of  crystallisation  : 

0*4020,  dried  in  desiccator  until  of  constant  weight,  lost  0'0459  at 
110^    :^0  =  ll-4. 

O^fi^O^^UJ^  requires  H,0»  ll'G  per  cent. 

TetvahTdroxybenzil  it  slightly  soluble  in  oold  water,  readily  so  in 
alcohol,  and  dissolves  in  alkalis  with  an  orange-red  colonr. 

0*5  Qiamof  tetrahydroxybensil  was  dissolved  in  5  grams  of  pyridine, 
and  2  grams  (eight  molecnlar  proportions)  of  benzoyl  chloride  were 
added.  After  standing  for  eighteen  hours,  the  solution  was  poured 
into  dilute  sulphuric  aeid.   The  amorphous  solid  which  separated  was 

crystallised  from  beuEone  and  afterwards  from  ethyl  acetate,  and 
then  formed  long,  thin  needles  melting  at  202^  i 

0-1673  gave  0  4182  CO..  and  0  0501  HA    C  =  72  5  ;  H  =  3  5. 
C^iH^OjQ  requires  C»73-0;  Ha3'7  per  cent. 

Cm9HMiim  of  l^tirahydrooeybmunl. 

The  constitution  assigned  above  to  this  substance  follows,  firstly^ 
from  its  method  of  preparation  ;  secondly,  from  its  direct  production 
from  piperonyloin,  and  thirdly,  from  its  conversion  into  tetramethoxy- 
benzil  or  veratril.  The  substance  is  produced  directly  from  piperonyloin 
by  heating  with  1 — 2  per  cent,  hydrochloric  acid  to  180^  for  several 
hours,  but  the  yield  is  extremely  small  (less  than  10  per  cent.) ;  its 
identity  with  the  substance  obtained  by  thionyl  chloride  resulted  from 
the  melting  point  of  the  mixture. 

The  conversion  of  tetrahydroxybensil  into  its  tetramethyl  ether 
(veratril)  was  carried  out  by  dissolving  0*5  gram  in  the  ntinltntim 
quantity  of  methyl  alcohol,  and  adding  0*7  c.c.  (four  molecular  propor* 
tions)  of  dioiethyl  sulphate  and  then  four  molecular  proportions  of  an 
aqueous  40  percent,  potassium  hydroxide  solution.  The  same  amounts 
of  dimethyl  sulphate  and  potassium  hydroxide  were  added  a  second 
time.  On  dilution  with  water,  a  bright  yellow  solid  separated,  which 
was  erystallised  from  a  mixture  of  3  parts  of  alcohol  and  I  part  of 
beniene,  and  formed  yellow  prisms  melting  at  220°.  This  substance  was 
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idfintioftl  with  thit  obtained  by  ozidftticm  of  ventYoin  by  ammoniftcftl 
cmpric  oxide,  already  described  by  Fritsch  {Annaleny  1903,  329,  37). 

The  transforination  of  the  substances  referred  to  above  may  be 
represented  as  follows : 

H,c:o,:0eH3-cHo 

I  KCN 

H,c:o;:CrtU5*co»a)-CflH,;o^:cH2 


HCl 


SOCI.  &/ 


ocro^rCgiia-ccij-co-CeHjrOjico  (cn,M)),Ccir^-oHo 

OCIOalCgHs-CO-CO-C.HaiOoICO  y 

jjjo  '  (Cflr,-0),cyi,'Cii(OH).co-cvH,((>cH3)2 

.->(H0),CeH3-C0-C0'U^U,(0H>,  ] 

 f  • 


AeHon  fif  Thionpl  Chloride  on  Piporii, 

As  might  be  expected,  the  same  chloro-derivative  is  formed  by 
thionyl  chloride  from  piperil  as  from  piperonyloin  ;  0*47  gram  piperil, 
heated  to  180°  with  2  0.0.  of  thionyl  chloride  for  six  hours,  gave 
0*3  gram  of  a  substance  melting  at  190'^,  and  identical  with 
3:4:3':  4'-dicar])onyldioxy-aa-dichlorodeozybenzoin  obtained  from 
piperonyloin.  The  mixture  of  both  apeoimens  melted  at  191*^. 

Action  of  Thkonyl  Chiorido  om  Hydropiporoin  and  itoHydiropiporoin, 

By  heating  either  of  the  above  substances  with  thionyl  chloride  on 
the  water-bath,  the  same  substance  is  produced,  namely,  3 : 4 : 3' :  4'- 
dimethylenedioxy-a)8-dichIoro^-diphenylethane, 

CHjrOgrCaHj'OHCl'CHCl'CoHglOjICHy 
already  obtained  by  Fittig  and  Bemsen  (AimaUih  1371»  159,  144)  by 
the  action  of  acetyl  chloride.    At  a  much  higher  temperatui-e,  the 
methylene  groups  are  also  attacked. 

Five  grams  of  a  crude  mixture  of  hydropiperoin  nd  its  isoraerido 
were  heated  with  20  c.c.  of  thionyl  chloride  to  180°  for  five  liours. 
The  contents  of  the  tube  were  cooled  in  a  freezing  mixture,  and 
deposited  crystals,  which  were  recrystalliseU  from  benzene.  The  yield 
was  only  0  51  gram  : 

0-1591  gave  0  2070  COg  and  0  0209  H,0.    C  =  52-6i  H«2  2. 

0-1506    „    0-1195  AgCl.  01  =  19-6. 

CiaHgOeOi,  requires  0  »  52-3 ;  H  -  2*2  ;  Ci  - 19  3  per  cent. 
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There  can  scftreely  be  any  doubt  that  this  substance  is  3:4: 3':  4'* 
diearhonykUoxy-a/i'dichlw^B'^liphenylethanef 

CO<0>CeHa-OHCl-CHCl-OeH8<^CO. 

It  melts  at  260*^,  and  is  insoluble  in  water  and  sparingly  soluble  in 
most  organic  solvents  ;  it  dissolves  in  sodium  carbonate  or  sodium 
hydroxide  witli  an  intense  green  colour.  When  the  substance  is  boiled 
with  water  for  some  time,  it  yields  a  catechol  derivative,  as  the  solution 
gives  a  green  coloration  with  ferric  chloride.  The  catechol  derivative 
is  also  formed  by  pyridine,  and  by  benzoylatioii  of  the  crude  product 
by  £in horn's  method  a  crystalline  substance,  melting  at  123 — 124^, 
was  obtained,  free  from  chlorine  and  from  nitrogen,  which  probably 
represented  a  benioyl  derivative  of  the  catechol  sabstanoe.  The  yield 
was  too  small  for  analysis,  and,  as  the  origtnal^chbroearbonate  oonld 
only  be  Isolated  in  small  quantity  and  in  some  ezp^ments  not  at  all, 
farther  work  had  to  be  abandoned. 

The  action  of  thionyl  chloride  on  hydropiperoin  is  somewhat 
complex;  only  in  one  experiment  was  the  above  chloro-oomponnd 
(m.  p.  260°)  obtained  at  once  in  an  approximately  pure  condition. 
Qenerally,  at  temperatnres  from  160^  upwards,  a  mixture  of  two  kinds 
of  crystals  was  obtained.  2*5  Grams  of  hydropiperoin  gave,  for 
instance,  0*52  gram  of  small>  grey  needles  melting  at  230 — 235^,  and 
0*45  gram  of  larger,  glassy  crysUils  of  a  much  higher  melting  point. 

The  former  of  these  two  substances  could  not  be  obtained  pure,  but 
the  latter,  which  preponderated  when  hydropiperoin  was  heated  with 
thionyl  chloride  to  220°  was  obtained  sufficiently  pure  to  leave  no 
doubt  as  to  its  composition.  It  was  almost  insoluble  in  most  organic 
solvents,  dissolved  sparingly  in  boiling  xylene,  and  was  moderately 
soluble  in  boiling  nitrobenzene,  from  which  it  was  recrystallised  several 
times.  It  formed  stout  prisms  melting  at  310 — 311°  (silver  nitrate 
bath): 

0-1473  gave  0-2411  CO, and  0  0208  H,0.   0»44*6 ;  H»l*6. 

0*1018   „   0*1326  AgCl.  CU32-3. 

C^jafifil^  requires  01 »  44*0 ;  H  » 1*4 ;  01 «  32*5  per  cent 

The  substance  is  derived  from  the  chloro-compound  melting  at  260°, 
by  the  introduction  of  two  more  chlorine  atoms,  and  is  therefore 
3  :  4  :'']'  :  \' -dicarbonijldiorytetriichloro-^  dipheuj/ltthane  ]  it  is  probably 
constituted  according  to  one  of  the  following  formulie  : 

C0<^C«H3-CCl3-0C  vo A<  |^>00 

(I.) 

CO<^C^H,01-OHCl-OHCi-CeH,Cl<^>00, 

<n.) 
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The  substance  i»  extremely  stable  (except  towards  alkalis,  which 
attack  the  carbonyl  groups).  Boiling  for  several  hours  with  formic 
acid  scarcely  alters  it ;  iu  this  respect,  it  diifers  markedly  from  the 
similar  dichloro-derivative  obtained  from  piperonyloin.  According 
to  formula  I,  the  substance  would  be  a  derivative  of  aa^^-tetrachloro- 
«-diphenylethane,  which  is  only  attacked  by  glacial  acetic  acid  at  200^*; 
this  suggested  the  following  experiment. 

One  gram  of  the  substance,  CjqH,50,,C1^,  was  soflponde<l  in  10  c.c.  of 
glacial  acetic  acid  and  heated  to  200'  for  two  hours.  Un  cooling, 
0*37  gram  of  the  unchanged  material  was  collected.  The  almost  black 
filtrate  gave  an  intense  catechol  reaction  with  ferric  cbloride;  the 
acetic  acid  was  thereforo  distilled  off  under  diminished  pressure,  an<l 
the  residue  was  boiled  with  water  and  animal  charcoal.  The  almost 
colourless  filtrate  deposited  in  a  vacuam  over  sulphuric  acid  a  minute 
quantity  of  long  needles,  which  decompoeed  at  290 — 300*^  without 
melting.  They  were  insoluble  in  cold  water,  hot  dissolved  readily  in 
alooliol;  the  alcoholic  solution  gave  a  green  coloration  with  ferric 
chloride,  changing  to  reddish-brown  by  a  trace  of  alkali. 

The  fact  that  the  whole  of  the  chlorine  was  not  removed,  and  that 
no  tetiahydroxybenzil  was  obtainable,  would  indicate  that  some  of  the 
chlorine  was  in  the  bensene  nuclei,  and  would  therefore  support 
formula  II.  The  amount  of  substance  available  did  not,  however, 
allow  us  to  investigate  this  point  further. 

THB  WbLLCOMB  PlIYHIOLOOlCAL  Rk.SEAUCH  LaBORATORIBS, 

Hkuke  Hill,  London,  S.£. 


LXIX.  —  TJie  Solubility  of  Iodine  in  Wat&i\ 
Bj  Harold  Hartlbt  and  Norman  Phillips  Campbell.  . 

Thk  solubility  of  iodine  in  water  has  been  determined  by  a  number  of 
observers,  and  their  results  lead  to  very  different  values.  For  instance, 
at  25*5^,  Meyorhoffer  [Zeitsch.  phijnkal.  Cfiem.y  1888,  2,  591)  found 
0*126  gram  per  litre,  Noyes  and  Seidensticker  (^et/*c/<./>/iy*iA:^i/.  Chem., 
1898,  27,  388)  at  25°  found  0-3-104  gram  per  litre,  and  McLauchlan 
(ZeiUich.  ph}/8ikal.  Cfutm.,  1903,  44,  687)  at  25*^  found  0-279  gn^m  per 
litre.  Determinations  at  other  temperatures  have  been  made  by 
Dossiosand  Weitl^  {.Miresher.,  I860,  52,  and  220),  Wittstein  {Jahresber., 
1857,  i,  123),  and  Dietze  {Chein.  Centr.,  1898,  i,  1094),  and  they  do  not 
show  much  better  agieement. 

Some  of.  these  dikoieiancies  in  the  older  values  sre  (^lobably  due  to 
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the  preBence  of  imparities  in  the  water  or  in  the  iodine,  or  to  the  use 
of  soft  ghifls  TOBflels  from  which  the  water  diasolved  alkalte,  an  the 
solubility  is  greatly  inereased  by  any  substance  which  gives  rise  to  the 
formation  of  polyiodide  in  the  solntioo. 

In  the  experiments  now  described,  care  was  taken  to  purify  both 
iodine  and  water  as  far  as  possible,  and  the  determinations  were 
carried  ont  in  borosilicate  glass  apparatus,  in  which  the  conductivity 
of  the  water  showed  practically  no  change  even  after  longstanding. 

Our  result  at  25''  is  in  oxoellcnt  agreement  with  Noyes  and  Seiden- 
stirker's  experimental  value,  and  wc  agree  with  the  same  authors  in 
linding  that  the  solubility  of  iodine  in  water  does  not  increase 
progressively  with  time,  as  found  by  Dossios  and  Weith. 

Materials. — Tho  iodine  was  purified  by  Ladenb\irg's  method  (Ber.^ 
1902,  35,  1256).  Silver  iodide  was  shaken  with  concentrated 
ammonia  for  twenty-four  hours  to  dissolve  any  traces  of  silver  chloride 
or  bromide,  then  filtered  and  washed,  and  reduced  with  zinc  and  dilute 
sulphuric  acid.  The  solution  was  treated  with  a  mixture  of  oxides 
of  nitrogen  from  nitric  acid  and  starch,  the  precipitated  iodide  filtered, 
twice  distilled  in  steam,  then  mixed  with  barium  oxide  and  sublimed, 
and  kept  in  a  desiccator  over  calcium  iodide.  All  the  materials  used 
were  carefully  tested  to  see  that  they  were  free  from  chlorine  and 
bromine. 

The  water  was  distilled  from  alkaline  and  acid  permanganate,  and 
its  specific  oondactirity  varied  from  1  to  1*5  gemmhos  at  the  room 
temperature. 

EXP£BIMSNTAL. 

For  the  first  series  of  experiments,  iodine  and  water  were  stirred 
rapidly  in  a  Jena  glass  fiask,  placed  in  a  thermostat,  bat  it  was  found 
that  true  saturation  was  never  attained  in  an  open  flask,  owing  to  the 
rapidity  with  which  the  iodine  Tolatilised  from  the  surbuse  layer,  so  a 
closed  appatatus  was  used  of  the  form  shown  in  the  figure.  It  held 
about  a  litre  of  water,  and  to  this  was  added  excess  of  iodine^  the 
glass  caps,  A  and  were  then  fixed  firmly  on  with  rubber  tube  and 
wire,  and  the  vessel  was  rocked  in  a  thermostat  in  the  way  shown  in 
the  figure,  the  connecting  rod,  R,  having  an  eccentric  attadiment  to  a 
small  flywheel  driven  by  a  motor.  In  order  to  withdraw  a  sample  of 
solution  for  analysis,  the  vessel  was  detached  from  the  rocker,  both 
caps  were  removed,  and  the  flask,  2>,  was  attached  to  J3  by  means  of 
the  ground-joint,  C,  and  immersed  in  the  thermostat.  The  solution 
was  then  sucked  over  into  Z>,  any  solid  iodine  being  stopped  by  the 
glass-wool  in  E. 

The  flask,  U,  which  had  a  ground-stopper,  was  weighed  before  and 
alter  tl)e  solution  was  drawn  over,  some  solid  potassium  4odide  being 
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pkeed  in  it  to  diminish  the  Toktilitj  of  the  iodine  and  thus  prevent 
Ion.  Bxoeie  of  If/lOO  aodinm  anenite  solution  wes  then  added  to  the 
iodine  8olntlon»  the  amount  being  determined  by  weighing,  and  the 
small  excess  was  titrated  back  with  iVyiOO-iodine  solution,  using  starch 
as  indicator.  In  working  with  A'/lOO  soilium  ursenite,  it  was  found 
uecu6b4iry  tu  add  about  12  grams  uf  sodium  bicarbuuatu  yar  litva  in 


order  to  seoure  a  qaick  indication  of  the  end  point.  The  starch  solution 
was  sterilised  in  the  way  described  by  Treadwell.  For  each  deter- 
mination, a  quantity  of  iodine  solution,  varying  from  90  to  160  gvamF, 
was  withdrawn  in  this  manoer. 

In  the  following  tabls^  column  I  gives  the  time  in  hours,  and 
column  n  gives  the  weight  of  iodine  in  grams  per  1000  grams  of 
solution : 
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Temj).  18'.        Trm]>.  2'.'.        Tbm^  86*.        T-  nii>.  45'.        T.  -  ii 

Z    11. '    C     II. '    I.    II.     J.   ^TfT    h  iL 

0-2782*     42     0-3318       46^    0-46311       :>     0-6152       42  0*9259* 

57   o-mi    ea|  03393*   704  oim*   474  0-6473*   63  0-9157* 

97     0-2915      26     0-aa71       944    0-46y9*     tiO     0-d4^5:    107     0  9233* 

m     0-2998      47i   0  3393*     _       —        71     0  W67*   147^  0-91688 

J»0     0-3006      711   0-8396*  —       —  _ 

98i    0-3130      —       —         —       —         —       ^         —  ^ 

39     0-2743*     —       —         —       —         —       —         —  — 

69     0-2785*     —       —         —       —         —       —  . 

118     0-2746*     —       —         —       —         _„         —  — 

*  Value  us<'d  in  calculHting  mean.  f  Stirring  stopiKjd  during  night. 

X  Slight  uucertaiuty  in  titration.  §  Temperature  not  constaut. 

The  mean  values  for  the  five  temperaturea  are  : 

18"  0  2765  gram  of  iodine  per  1000  gruins  of  water 

25  0'3395  I,  „ 

35  0-4661  „  „ 

45  0-6474  „  „ 

55  0-9222  „ 

It  will  be  seen  that  the  solution.s  took  from  one  to  two  days  to  reach 
the  point  of  saturation  even  in  a  closed  vessel.  The  results  show  fair 
agreement  considering  the  possible  experimental  errorf*  and  the 
large  temperature-coefBcient  of  the  solubility.  The  deviations  at  18^ 
must  have  been  due  to  some  impurity  introduced  during  the  first 
withdrawal  of  solution,  as  in  the  third  series,  -when  fresh  material  was 
introduced,  the  solubility  fell  to  its  original  value. 

The  molecular  heat  of  solution  of  iodine  in  water  has  been  calculated 
by  means  of  the  formula 


where  C\  and  Cg  are  the  concentrations  at  temperaturo^^  and  T^*  and 
Q  is  the  molecular  heat  of  solution,  which  is  assumed  to  be  constant 
between  7\  and      a  condition  which  is  not  strictly  fulfilled. 

Baxter,  Hickey,  and  Holmes  (/.  Amer,  Chem*  Sjc,  1907,  29,  127), 
from  their  determination  of  the  vapoar  pressures  of  iodine  between  0° 
and  65**,  calculated  its  molecular  heat  of  vaporisation  to  be 
approximately  constant  and  equal  to  16*1  Gals. ;  the  molecular  heit 
of  vaporisation  from  solution  must  be  equal  to  the  difference  between 
heats  of  vaporisation  and  of  solution. 

The  values  are  given  in  the  following  table : 
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UoL  liMt  of  Mot.  heat  of  vftporuttion 

Tempi                  soltition  in  Cals:  from  solution  In  Cols. 

21 5  09  10-01 

30-0                              5-82  9-28 

iO'O                           6-44  S*t6 

50*0                          7*88  7-72 


PflTSICAL  CilEMlSlKY  LaHOUAIOUY, 

Balliol  College  and  Thiniiy  College, 
OzroKD. 


LXX. — Hie  Sulphination  of  Phenolic  Etliers  and  tlie 

Injiiience  of  Suhstituenis, 

By  Samubl  Smilis  and  Robert  Ls  Bobbionol. 

Iv  a  preyioas  paper  (Traos.,  1906»  89,  696),  the  authors  showed 
that  the  interaetion  of  thionyl  chloride  and  phenetole  takes  place  in 
three  saooesdve  stage8»  which  are  marked  hy  the  formation  of  the 
sulphioie  acid,  Bulphoxide»  and  anlphooium  salt^  The  whole  reaction 
may  he  formulated  thus : 

To  this  process,  where  quadrivalent  sulphur  is  introduced,  we 
propose  to  apply  the  term  sulphination  in  distinction  to  the  nam« 
aulphonatton  whidi  is  given  to  the  suhstitutton  of  that  element  in 
the  sezavalent  condition. 

In  the  communication  ahove  referred  to,  we  were  unable  to  isolate 
the  phenetolesulphinic  acid  which  should  form  the  primary  product  of 
the  reaction.  We  were  limited  to  showing  jthat  this  acid  could  be 
transformed  by  condensation  with  phenetole  to  a  sulphoiide  and 
sulphonium  base,  which  were  identical  with  the  products  obtained  by 
the  interactioD  of  phenetole  and  thiooyl  chloride.  It  seemed  desirable 
therefore  to  obtain  a  more  direct  proof  that  the  sulphiuic  acid  is 
the  initial  stage  of  sulphination.  The  object  with  which  these 
experiments  were  undertaken  was  twofold,  namely,  (I)  to  bhow  iLiit 
a  sulphinic  acid  is  formed  during  the  sulphinatiou  of  an  aromatic  com- 
pound, and  (2),  since  this  result  waa  achieved  by  employing  a  substi- 
tuted phenolic  ether,  to  study  the  effect  of  substitution  on  the  course 
of  this  reaction.    These  may  be  considered  separately. 

Owing  to  tho  somewhat  violent  action  of  thionyl  chloride  and 
aluminium  chloride  on  the  phenolic  ethers,  we  found  it  necessary  to 
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devise  a  milder  sulphinating  reagent  which  coukl  Ijo  more  easily  con- 
trolled. We  found  gaseous  sulphui  dioxide  and  aluminium  chloride 
to  be  the  most  suitable  reagent.  Whilst  our  experiments  with  this 
reagent  were  noaring  completion,  we  communicated  in  June,  1906 
(Proc.,  1906,  22,  158),  an  outline  of  the  results  to  the  Society.  A 
few  weeks  later,  we  heard  from  Prof.  Knoevenagel  that  he  also  wan 
engaged  on  similar  work,  and  he  directed  our  attention  to  the  fact  that 
at  his  instance  a  patent  had  already  l)eeD  taken  out  (Knoll  it  Co. 
D.R.-P.  171780  Sept.  IG,  1905)  for  the  preparation  of  sulphinic 
acid  by  this  method ;  but  here  no  mention  was  mado  of  the 
fonnaitioD  of  sulphoxides  or  aulphonium  bases.  Since  our  ex- 
periments had  for  the  greater  part  not  dealt  with  the  substances 
examined  by  Prof.  Knoevenagel,  we  agreed  with  him  roughly  to  divide 
the  field  of  investigation. 

The  aetion  of  this  reagent  on  benaene  has  been  premnaly  notioed 
by  Friedel  and  Crafte  (Ann.  Chim.  Phf$,,  1888»  [vi],  14,  443),  by 
Adrianoweky  {J,  Su8§,  Pk^.  Chmn,  Soc,,  1879,  11,  119),  and  by 
Colby  and  Longhlin  (Jm*.,  1887,  20, 195).  The  firat-named  investi- 
gators merely  state  that  they  obtained  benzenesalphinic  acid  by  passing 
gaseous  solphur  dioxide  into  a  warm  mixture  of  benaene  and  alumimum 
ohioride ;  they  do  not  give  the  quantities  of  the  reagents  or  the  yield  of 
add.  Adrianowsky  led  sulphur  dioxide  over  hot  aluminium  chloride 
and  thus  obtained  the  compound  A10l3,S0o ;  this  was  found  to  react 
with  warm  benzene,  giving  benzenesulphinic  acid.  Colby  and  Loughlin, 
m  describing  thoir  investigation  of  phenyl  sulphoxide,  mention  that 
they  obtained  this  substance  by  the  action  of  sulphur  dioxide  on  hot 
benzene  and  alumimum  chloride.  Finally,  as  above  mentioned,  Prof. 
Knoevenagel  (loe.  cit.)  showed  that  sulphinic  acids  may  be  obtained 
in  excellent  yield  l)y  the  action  of  gaseous  sulphur  dioxide  on  a 
mixture  of  an  aromatic  hydrocarbon  and  aluminium  chloride;  in  the 
patent  referred  to,  the  example  of  benzenesulpliinic  acid  is  quoted. 
We  have  independently  found  (Proc,  1906,  22,  158)  that  these 
reagents  may  be  generally  applied  to  the  preparation  of  either 
aromatic  sulphinic  acids,  sulphoxides,  or  sulphonium  bases.  It  is 
shown  in  subsequent  pages  that  the  type  and  quantity  of  the  producta 
depend  on  the  nature  and  position  of  the  groups  already  attached  to 
the  aromatic  nucleus.  In  some  cases  the  reaction  is  confined  to  the 
preliminary  stage,  the  sulphinic  add  being  then  the  sole  product ;  in 
others  the  sulphination  is  more  complete  and  the  sulphonium  base  is 
formed,  whilst  with  some  substances  the  sulphination  proceeds  only 
as  far  as  the  intermediate  stage,  and  with  these  the  sulphozide  may 
preponderate. 

The  aetion  of  sulphur  dioadde  on  a  mixture  of  the  aromatie  snbetaiiM 
and  aluminium  ohioride  takes  place  readily  even  at  0^.  The  mixture 
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rapidly  absorbs  the  gas,  and  in  a  short  time  becomes  warm,  evolTing 
hydrogen  chloride. 

With  rflig^  to  the  mechanism  of  the  reaotioc,  it  might  be  supposed 
that  the  gas  on  entering  the  solution  is  converted  by  the  aluminium 
chloride  into  thionyl  ehloride,  which  would  then  act  in  the  naeoent  state 
on  the  aromatic  compound.  This  view,  however,  seems  untenable. 
Baud  (Ann.  Chim,  Phya.^  1904,  [viii]*  8)  found  that  aluminium 
chloride  and  anlphor  dionde  unite  at  the  ordinary  temperatuze,  fonning 
iho  compound  AXjJi^TSO^  (eee  also  Adriaaowsky,  loo*  sd.) ;  he  also 
ahowed  that  when  this  substance  is  heated  to  80^,  it  deoomposes  into 
sulphur  dioxide  and  thecon^ionnd  AlgCl^fSO,,  and  the  latter  on  further 
heating  to  about  200^  yields  sulphur  tetrachloride ;  but  acoordingto  the 
above  hypothesis  the  compound  Al201^,S02  when  heated  should  yield 
thionyl  chloride  and  an  oxychloride  of  aluminium.  Furthermore,  the 
interaction  of  thionyl  chloride,  benxene,  and  aluminium  chloride  at  the 
ordinary  temperature  gives  (Colby  and  Loughlin,  loe.  eti.)  phenyl 
sulphoxide,  whilst  Rulphur  dioxide  under  the  same  conditions  furnishes 
benzenesulphinic  acid  alone. 

The  contrast  between  the  action  of  this  reagent  and  that  of  thionyl 
chloride  can  be  seen  in  the  cases  of  benzene  and  m-5-xylenol  methyl 
ether.  In  both  instances,  thionyl  chloride  furnishes  less  suiphiuic  acid 
and  more  sulphoxide  than  is  obtained  with  ^'aseous  sulphur  dioxide,  and 
with  the  xylenol  ether  the  yield  of  sulphonium  salt  is  also  greatly  in- 
creased. In  spite  of  the  milder  action  of  sulphur  dioxide,  we  hnve  not 
been  successful  in  isolating  phenetolesulphinicacid  from  the  products  of 
sulphination  of  phenetole  j  nevertheless  we  have  been  able  to  obtain  the 
acid  from  more  complex  phenolic  ethers.  jc^Cresol  methyl  ether  yields 
ihesulphinic  acid  and  sulphoxide,  whilst  the  methyl  ether  of  m-5-xylenol 
gives  the  three  types  of  product:  sulphinic  aoid,  sulphoxide,  and 
sulphonium  base.  These  facts,  together  with  those  already  advanced 
(Tnms.,  1906,  89,  606),  furnish  definite  proof  that  the  sulphinic  acids 
are  the  primaiy  products  of  sulphination. 

The  inflnenoe  of  substitution  on  the  course  of  the  reaction  was 
followed  by  eiamining  the  behamur  of  Tarious  phenolic  ethers.  The 
experiments  were  conducted  in  a  roughly  quantitative  manner,  and  a 
summary  of  the  results  is  appended  in  the  following  table.  In  the 
first  column,  the  compounds  submitted  to  sulphination  are  given,  whilst 
in  the  second,  third,  and  fourth  the  yields  of  sulphinic  acid,  sulphoxide, 
sulphonium  chloride  from  20  grams  of  material  are  shown : 
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Yield  in 

Yield  iu 

grams  of 
snlphonic 

Yield  in 

grams  of 

CTams  of 

sulphoniom 

Twenty  grams  of 

eoid. 

solphoxide. 

salt. 

10 

none 

none 

8 

<1 

<1 

none 

7-8 

15—16 

•» 

1—2 

17—18 

» 

3 

16 

8* 

18—16 

Qoiiiol  diawthyi  •ther  

i* 

Bene 

M  (SOCl,)   

» 

16* 

«» 

8—4 

12—14 

m-S-Xyknol  methyl  etiier   

7 

1*5 

trace 

.»  (socy  

1 

12* 

2 

*  Contain  snlpbide. 

In  each  case  the  sulphioatiou  was  oarried  out  under  as  nearly  as  pos- 
sible the  same  conditioiui ;  these  together  with  the  methods  of  isolat- 
ing  the  pirodiicts  are  deeoribed  in  the  experimental  part  of  this  papen 
The  figures  quoted  for  the  yields  are  only  approximate^  but  they  are 
sufficient  to  show  the  relative  amounts  of  each  type  of  product  formed 
during  sulphination  of  eaoh  compound. 

CaniiUution  ^  th$  Fraducla. 

Before  diijcusaing  the  effect  of  substitution  ou  the  course  of  the 
reaction,  it  is  necessary  to  consider  the  position  taken  up  by  the 
sulphinic  group  on  couibiniug  with  the  urouiatic  nucleus  in  each  of 
these  substances. 

2'oluene. — The  sulphinic  acid  obtained  is  identical  with  that  prepared 
from  7>-tolaidine  ;  it  is  therefore  the  para-derivative. 

I'/tenelole. — It  has  already  been  shown  that  with  phenetole  the 
sulphur  group  takes  up  the  para-position  with  respect  to  the  ethozyi 
(Smiles  and  I^e  Rossignol,  Trans.,  190G,  89,  698).  This  was  demon- 
strated from  the  facts  that  the  pheuetyl  sulphoxide  obtained  is  also 
formed  by  condensation  of  phenetole-/>-suIphinic  acid  with  phenetoloy 
and  that  it  may  be  oxidised  to  phenetole-/7-8ulphone. 

AniaoU, — Similar  facts  have  been  collected  to  show  that^  also,  with 
anisole»  substitntion  takes  place  in  the  para-poettion.  Anisyl- 
sulphoxide  when  oxidised  yields  the  arnqrlsulpl^oae  which  is  obtained 
by  methylation  of  phenol-p-salphone.  Further,  Loth  and  Kichaelis 
{B0r,f  lS9i,  27,  2540),  by  the  action  of  thionyl  chloride  and  alnminiom 
chloride  in  warm  ethereal  solution  on  anisole,  obtained  the  anisyl 
sulphide  which  Mauthner  (Ber,,  1906,  39,  3503)  has  recently  shown 
by  synthesis  from  /»-anisylmercaptan  and  jt^-iodoanisole  to  be  the 
pararderivative* 


Digilizea  by  CoOglc 


PBBNOLIC  STHBRB  ASSD  THE  iNFLtmiTCE  OP  SUBSTtTITINTS,  749 


p^rmol  MM^l  Mthmr^-^JLm  the  sulphink  group  enters  the  ortho- 
position  with  respect  to  the  methozyl  groap.  This  is  proved  as 
follows.  The  methyl  ether  of  ^oresolsulphinie  acid  may  he  oiidised 
in  alkaline  solution  to  a  solphonie  acid,  which  is  identical  with  that 
obtained  by  sulphonation  of  the  ether.  The  same  chloride  and  amide 
are  famished  by  the  sulphonio  acid  from  either  scarce.  Now  Alleman 
(Avm.  Chmn.  1904,  31,  25 ;  see  also  Metcalf»  tiitf.,  1898,  16,  320) 
has  shown  that  sulphonation  ol  the  ether  takes  place  in  the  ortho- 
position  with  respect  to  the  methoxyl  group,  yielding  j9-methozytolaene- 
m-sulphonic  acid.  Hence  the  sulphinic  acid  formed  from  j^-cresol 
methyl  ethor  is  /i-methoxytoluene-?/i  sulphinic  acid.  Additional  strength 
is  given  to  this  conclusion  by  the  fact  that  Gattermann  (Ber.,  1899, 
32,  1144),  on  treating  the  diazoniuni  salt  of  ^-methoxy-m-toluidine 
with  copper  powder  and  sulphurous  acid,  obtained  a  sulphinic  acid  of 
the  same  melting  point  as  that  furnished  by  direcb  sulphination. 
We  have  not,  however,  submitted  these  two  products  to  a  closer 
comparison. 

Quiiwl  Dimethyl  £i/ier. — Here  the  sulphinic  group  must  occupy  the 
.  ortho-positioa  with  req^ect  to  a  methozyl  group. 

From  these  instances,  it  is  dear  that  on  sulphinating  the  phenolic 
ethers  the  qoadriyalent  sulphur  group  enters  the  same  position  as  the 
anlphonic  group  daring  sulphonation,  and,  indeed,  this  is  to  be 
espeoted  from  the  general  rules  of  substitution.  It  is  well  known 
that  solphonation  of  phenetole  yields  either  the  ortho-  or  para- 
solphonic  acids  or  both,  aooording  to  the  conditions  of  the  reaction, 
and  it  Is  worth  remarking  that  we  have  already  observed  (Trans., 
1906,  89,  699)  the  formation  of  isomeric  salphoninm  salts  daring  the 
interaction  of  thionyl  chloride  and  phenetole. 

Although  in  the  three  remaining  ethers,  resorcinol  dimethyl  ether, 
m-cresol  methyl  ether,  and  m-5-xylonol  methyl  ether,  we  have  not  been 
able  to  obtain  direct  proof  of  the  position  of  the  entrant  sulphur 
group,  there  is  little  doubt  from  the  behaviour  of  the  ethers  previously 
described  that  this  is  introduced  iu  the  para-position  with  respect  to 
the  mcthoxyl  gruu[».  Iu  the  case  uf  crusul,  the  conclusion  is  con- 
lirmeJ  by  the  results  of  sulphonation,  which  yield  /u  hydioxytoluenc- 
o-sulphonic  acid  (Clans  and  Krauss,  JJer,,  1887,  20,  3089).  Beyond 
the  analogy  with  other  ethers,  furthur  evidence  is  lacking  to  show  the 
structure  of  the  sulphinic  derivatives  of  m-5  xylonol ;  it  is  probable 
that  tbu  sulphur  group  occupies  the  para-positiou  with  respect  to  the 
methoxyl,  but  for  the  present  purpose  it  is  immaterial  whether  it  takes 
the  para  or  ortho  situation,  iu  either  case  the  quadrivalent  sulphur 
has  two  adjacent  groups  in  the  ortho-positiou.  The  following  formula) 
reprsflont  the  constitution  of  these  substances : 

3  D  2 
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Discussion  qf  Results* 

The  varying  nature  and  amounta  of  the  producta  ohtaiiied  faj 
sulphinating  these  ethers  can  be  readily  explained  by  oonsideriDg  the 
directing  influence  which  the  groups  already  attached  to  the  benzene 
nnclens  exert  on  the  entrant  quadrivalent  snlphnr  group,  and  by  the 

fiteric  conditions  under  which  the  latter  is  placed.  Although  these 
influences  are  well  known  and  often  referred  to  by  chemists,  a  few 
words  on  the  sense  in  which  we  wish  to  apply  them  to  the  present 
question  may  not  be  out  of  place.  By  directing  influence,  we  mean 
not  only  the  guiding  influence  which  a  group  exerts  on  another  about 
to  combine  with  the  substance,  but  also  the  reactivity  which  it  imparts 
to  the  benzene  nucleus.  On  examining  tlie  parent  substance,  benzene, 
it  seems  that  this  is  not  very  reactive,  since  only  the  sulphinic  acid  is 
formed  ;  evidently,  under  the  given  conditioas,  benzene  does  not  react 
with  bcnzenesulphiuic  acid  to  give  the  aulphoxide.  On  the  other 
handf  a  derivative  which  oontains  a  group  of  strong  directing  in- 
fiuencef  such  as  methoxyl  appears  to  be,  will  be  inclined*  by  virtue  of 
ite  increased  reactivity  to  yield  the  later  stages  of  the  reaction ;  at 
the  same  time,  the  snlphinic  group  is  directed  to  a  special  position, 
which,  an  this  case,  is  ortho  or  para  to  the  methozyL  Thus  amMe, 
in  contrast  to  benzene,  furnishes  a  large  amount  of  the  snlphoninm 
salt,  a  small  quantity  of  /^anisyl  sulphozide,  and  no  snlphinic  acid* 

With  regard  to  the  influence  of  steric*  conditions,  it  is  well  known 
that  often  in  aromatic  compounds  the  reactivity  of  a  group  seems  to 
be  lessened  if  the  ortho-position  is  occupied.  In  many  reactions, 
notably  the  semidine  change  (Jacobson,  Annalen,  1895,  287,  97  ; 
1898,  303,  290),  and  the  formation  of  rosanilines  (Noelting,  Ber.^ 
1889,  22,  2573),  these  steric  influences  have  been  regarded  from 
another  standpoint :  they  are  assumed  to  control  the  reaction  in 
such  a  way  as  to  avoid  a  product  which  contains  accumulated 
ortho-substituents.  It  is  this  view  which  we  adopt  in  the  following 
discuoBioD. 

•  We  employ  this  term  with  some  reserve,  since  Stewart  and  B»ly  (Trans.,  19<M« 
89,  489)  have  fsliown  that  the  differences  in  reactivity  of  substituted  quinonea 
which  hav«  luaaUy  beau  aacribed  to  ataxic  ixifluanoaa  an  due  to  q^uita  differant 
cauaea. 
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As  almdy  ezplaioadi  it  aeemB  that  in  a  gubstanoe  wbicli  contains  a 
group  of  strong  directing  inflnence  the  tendency  will  be  to  form  the 
anlphoninin  baae^  but  if  the  sulphur  group  enters  the  ortho-position 
vitii  respect  to  a  group  already  present^  the  reaction  ivill  be  to  a 
certain  extent  restrained,  since  ortho-substitution  increases  on  passing 
tbroiigh  the  sucoeasiTe  stages.  It  is  dear,  then,  that  directing  and 
stsdc  influences  wiU  oppose  one  another,  and,  at  any  rate  in  the  cases 
whisk  we  have  examined,  we  think  that  by  this  conflict  the  varying 
products  of  Bulphination  can  be  satisfactorily  explained. 

With  phenetole  and  anisole,  substitution  takes  place  iu  the  para- 
position  with  respect  to  the  methoxyl  or  ethoxyl  group,  and,  there  being 
no  substituent  in  the  ortho-position  to  the  quadrivalent  sulphur,  the 
snlphination  proceeds  undisturbed  by  steric  influences.  The  product  is 
almost  entirely  sulphonium  salt. 

In  the  next  pair  of  ethers,  those  of  /?-cresol  and  quinol,  the 
sulphinic  group  takes  up  the  ortho-position  with  respect  to  the 
methoxyl.  The  sulphinic  acid  (I),  sulphoxide  (11),  and  sulphonium 
base  (III),  which  form  the  three  successive  stages  of  the  reaction, 
would  have  the  configurations : 


and  ib  is  evident  that,  as  the  reaction  proceeds,  ortho^bstituents  are 
accumulated.  With  these  ethers,  the  sulphonium  salt  is  not  formed 
during  sulphinatbn  under  the  given  conditions,  the  product  consists 
diiefly  of  sulphoxide^  said,  in  the  case  of  p-cresol,  an  appreciable  quantity 
of  sulphinic  acid.  This  suppression  of  the  sulphonium  salt  is  clearly 
due  to  the  inhibiting  action  of  the  ortho-substitution^  which  attains  the 
maximum  at  this  stage. 

Turning  now  to  the  ethers  of  resorcinol  and  7?i-cresol,  we  again  find 
that  the  sulphinic  group  takes  up  an  ortho-position  witli  respect  to 
methyl  or  methoxyl,  and  the  configuration  of  the  three  products  will  be 
as  before,  the  sulphoxide  being  doubly  ortho-substituted,  and  the 
sulphonium  salt  trebly  so.  Thesteric  relations  in  these  substances  are 
therefore  similar  to  those  in  the  above-mentioned  ethers  of  /^-cresol  and 
quinol,  but  the  products  of  sulphination  are  very  dillerent.  In  both 
cases,  the  chief  product  is  the  sulphonium  salt,  with  a  very  small 
quantity  of  sulphoxide.  Here  it  is  evident  that  the  steric  inhibition 
is  ovMOome  by  the  directing  influenoee  of  the  methyl  and  methoxyl 
groups^  and  it  will  be  seen  in  rssoromol  and  m-cresol  methyl  ether  (X) 


X 
(I.) 


(II.) 


(III.) 
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that  these  reinforce  one  another  at  the  point  of  substitution, 

_  X 

x/  \s'^  ^^^^T)^"" 

(1.)  (".) 

whilst  with  qninol  and  p-oresol  methyl  eiher  (II)  they  do  Dot  In  the 
latter  pair  of  ethersi  the  inhibiting  effect  of  triple  orUio-sabstitntlbn  is 
snffident  to  overcome  the  comparatively  weak  durecting  inflaences 
but  in  the  first-named  ethers  the  directing  inflaences  are  strengthened 
and  the  steric  effect  is  in  turn  overcome. 

The  next  ether,  that  of  iii-5-zyleno1,  shows  3^et  a  different  behaviour. 

The  three  stages  in  the  sulphination  of  this  substance  would  have 
tlie  configuration  : 


X 

X^/X 

whence  it  is  seen  that  tlie  sulphinic  acid  would  contain  two  ortho- 
substituents,  the  sulphoxidc  four,  and  the  sulphonium  base  six.  In 
comparison  with  >/i-cresol  ether,  the  directing  induences  are 
strengthened,  since  the  three  siibstitnents  reinforce  one  another  ;  but  at 
the  snme  time  the  steric  inhibition  is  greatly  augmented  by  the 
increased  ortho-substitution,  and  its  action  is  now  sufficient  to  -  affect 
the  course  of  the  sulphination.  Thus  it  is  found  that  the  sulphinic 
acid  appears  as  the  chief  product,  whilst  the  sulphonium  base  is  almost 
oompletely  suppressed,  less  than  1  gram  of  this  being  formed  from 
20  grams  of  the  ether.  From  the  same  amount  of  m-cresol  ether, 
16  grams  of  sulphonium  salt  were  obtained,  and  the  sulphinic  aeid 
could  not  be  detected. 

The  ethOrs  of  phenol,  m-cresot,  and  m-5-zylenol  thus  form  a  series 
in  which  both  dvecting  and  steric  influences  increase.  In  the  first  two 
substances,  the  directing  infioences  are  dominant^  but  with  the  thM, 
as  mentioned  above,  steric  hindrance  comes  into  play.  The  effect  of 
sterio  hindrance  may  also  be  brought  out  by  lessening  the  direofeuig 
influences^  as  oo  passing  from  m-cresol  to  i^creeol.  The  latter  snbstMioe 
yields  no  sulphonium  salt. 

It  is  of  some  interest  to  compare  the  behaviour  of  toluene  axid 
phenetole.  With  the  former  substance  the  second  and  third  stages 
of  the  reaction  are  almost  suppressed,  whilst  with  the  ether  the 
hulphuuium  salt  is  formed  in  large  quantity.    £vidently  this  is  due  to 
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the  weaker  directing  influence  of  the  methyl  group,  the  steric  relatione 
in  the  two  eases  being  similar. 

Fioallj,  we  wish  to  remark  that  when  it  is  stated  that  the  snlphonium 
salt  is  not  formed,  we  do  not  necessarily  mean  that  this  does  not  exist. 
Thus,  in  the  case  of  jHvesol  ether,  it  is  8ho\vn  that  the  use  of  a 
stronger  eondensiiig  reagent  than  aluminium  ohloride  readily  f  urnisbes 
the  snlphonium  base.  It  should  be  further  noticed  that  a  different 
sulpbiimting  agent  may  lead  to  very  different  results,  and  this  can  be 
seen  by  eomparing  the  aetion  of  sulphur  dioadde  with  that  of  tbionyl 
ebloride  in  m-6-j^lenol  ether.  The  latter  agent  increases  the  yield  of 
the  sulpbonium  salt  and  lessens  that  of  the  sulpbinio  add.  In  fact, 
what  baa  been  said  of  the  tnlpbinatioii  of  these  phenolic  ethers  only 
refers  to  the  reaction  as  carried  out  under  the  special  conditions 
described  in  the  experimeutal  part  of  this  paper. 

BZPBBIKXXTAL. 

In  all  the  subsequent  experiments,  unless  otherwise  stated,  the 
snlphination  was  carried  out  as  follows.  The  liquid  to  1)6  sulphinated 
was  fust  gradually  mixed  with  an  equal  weight  of  finely-powdered 
aluminium  chloride.  During  the  process,  considerable  heat  wa.s 
developed,  hence  the  contents  of  the  flask  were  thoroughly  cooled  in 
order  to  avoid  hydrolysis  of  the  phenolic  ether.  The  vessel  having 
been  immersed  in  melting  ice,  gaseous  sulphur  dioxide  was  allowed  to 
bubble  through  the  liquid  contents,  the  passage  of  the  gas  being 
regulated  so  as  to  confine  the  temperature  of  the  solution  below  15°. 
Tha  process  was  continued  until  the  mixture  was  saturated  or  had 
become  solid.  Finally,  the  product  was  set  aside  at  the  atmospheric 
temperature  for  two  hours,  and  then  decomposed  with  powdered  ice  or 
cold  water.  Usually  the  process  of  snlphination  occupied  from  six  to 
eight  hours. 

The  method  of  isolating  the  products  was  varied  according  to  the 
requirements  of  eaeh  case.  QeneraUy  the  acid  liquid  obtained  by 
decomposing  the  product  of  snlphination  was  extracted  with  chloroform 
in  which  the  three  substanose  sulphinic  add,  sulphoxide,  and 

sulpbonium  chloride  are  soluble. 

The  presence  of  either  of  these  products  was  established  by  the 
isolation  and  :inal)\-is  of  the  substance  in  question.  On  the  other 
hand,  the  conclusion  tliat  they  were  absent  rests  on  a  rather  less  lirui 
basis.  The  absence  of  the  sulphinic  acid  was  inferred  from  the  results 
of  examining  the  alkaline  extract  from  the  chloroform  solution.  The 
snlphonium  salts  were  tested  for  by  adding  aqueous  chloroplatinic  acid 
to  the  original  acid  liquid  or  to  the  aqueous  extract  from  the  chloroform 
solution ;  the  platinichlorides  of  these  bases  are  very  sparingly  soluble 
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in  water,  and  if  no  precipitate  was  obtained  in  applying  this  tost  it 

was  inferred  that  the  base  in  question  was  absent.  Since  these  tests 
are  by  no  means  quantitative,  any  negative  conclusion  drawn  from 
them  is  clearly  somewhat  insecure.  Hence,  when  it  is  mentioned  that 
neither  eulphinic  acid  nor  sulphonium  base  are  present,  the  state- 
ment is  made  with  some  reserve ;  the  substances  may  occur  in  very 
small  quantity,  but  far  too  small  to  be  isolated,  and  certainly  not 
sufficient  to  alEeot  the  general  conclusions  drawn  from  these  experi- 
ments. 

Benzenesulphinic  Acid. — Sulphination  as  above.  On  treatment  with 
ice  and  hydrochloric  acid,  the  mass  furnished  a  pale  yellow  solid,  which 
was  collected  and  dissolved  in  dilute  aqueous  sodium  hydroxide. 
Benzenesulphinic  acid  was  precipitated  from  this  alkaline  solution  by 
the  addition  of  dilute  mineral  acid.  Twenty  grams  of  benzene  yielded 
10  grams  of  the  acid.  Neither  sulphojdde  nor  sulphoninm  salt  were 
observed  in  the  product  of  sulphination  under  the  above  conditioiu. 
On  account  of  its  cheapneas  and  the  ease  with  which  it  is  carried  oat^ 
this  method  of  preparing  benienesnlphinio  aeid  is  saperior  to  the 
redaction  of  the  salphonio  chloride  or  to  the  deoompoeition  of  beniene- 
diaioniam  salts  with  oopper  powder. 


Tokiene, 

l^ohmnt-j^mlpkinic  .ieM(.^SnlphiDation  as  abova  Bj  deoompodng 
the  ptodnot  with  water  and  hydroohlorio  acid,  a  yellow,  aolid  mase 
was  obtained;  this  was  dissolved  in  chloroform,  and  the  solution 
was  extracted  with  aqaeoiis  sodium  hydroxide.  The  alkaline  liqoid 
was  mixed  with  excess  of  dilute  ■  sulphuric  add  and  cooled ;  the 
toluenesnlphinic  acid  which  separated  (8  grams)  was  collected  and 
recrystsllised,  and  it  finally  melted  at  84—86°.  A  mixture  of  this  with 
toluene-p-sulphinic  acid,  prepared  from  p-toluidine,  melted  at  the  samo 
temperature.  Small  quantities,  loss  than  one  gram,  of  sulphoxide 
and  sulphonium  chloride  were  respectively  obtained  from  the  chloro- 
form solution  and  from  the  original  acid  liquid.  The  presence  of  the 
sulphonium  salt  in  the  latter  was  recognised  by  precipitation  with 
»  chloroplatinic  acid.    These  substances  were  not  closely  examined. 


Digilizea  by  CoOglc 


PHENOLIC  STfiSRS  AND  TH£  INFLUBNOfi  OF  SUBSTITUENTB.  756 


Anitoie, 

Atiuyl SuLfhoodds,  {fjjl^''0^le)^^0,  and  Trianwi^lsulphonium, 

(CeH^-OMe),S% 

— Sulpliiiuitioii  as  usual.  The  prodoot  was  slowly  poured  into  oold 
water,  and  the  resalting  liquid,  after  the  usual  addition  of  aeid,  was 
rqieatedly  eztraoted  with  ether.  The  united  ethereal  extracts  were 
shaken  with  dilute  aqueous  alkali  hydroxide,  and,  on  aoidifying  this,  a 
small  quantity  of  phenol  was  obtained,  but  no  sulphinic  acid  was 
detected. 

Aiiisi/l  >SiUjjhoride.—  The  ethereal  sokition  was  evaporated,  and,  after 
aiiisole  had  been  removed  by  distillation  in  a  current  of  steam,  the 
residue  was  collected  and  dried.  The  product,  anisyl  sulphoxide,  was 
almost  pure  ;  when  recrystallised  from  hot  ethyl  acetate,  it  formed 
colourless  prisms  which  melted  at  93 — 94°  (Loth  and  Michaelis,  i?er., 
1894,  27,  2540,  give  96*^).    Analysis  yielded  the  following  data : 

0-S390  gave  0-6699  00,  and  0-1261  H,0.   0->63'89 ;  H»6*81. 
0*8S66   „   0*1884  BaSO^.  S-12-69. 

O14H14O5S  requires  0-64*12 ;  H-6*34 ;  S»  12-21  per  eent 

2H0iiliybii{p^tiim.>-The  aqueous  layer  from  the  original  ethereal 
estiaet  was  eyaporated  on  the  watev^iath  until  a  considerable  quantity 
of  oil  had  separated.   The  liquid  was  cooled,  and  then  extracted  with 

chloroform.  Finally,  the  chloroform  solution  was  distilled,  and  the 
oily  residue  of  bulphonium  chloride  was  dried  in  the  steam-oven.  Tri- 
anisylsulphonium  chloride,  when  set  aside  at  the  ordinary  temperature, 
gradually  solidifies  to  a  muss  of  colourless  needles,  which  are  soluble  in 
water,  alcohol,  or  chloroform.  For  analysis,  the  salt  was  converted 
into  the  platinichloride. 

Trianisyhvlpftonium  platinichloride  separates  from  a  warm  mixture 
of  alcohol  and  epichlorohydriu  in  orange  needles  which  melt  at  221°: 

0  2107  gave  0  3629  CO,  and  0  0789  H,0.    C-46-04 ;  H-3-99. 

0-2513    „    0  0438  Pt.    Pt  =  17-42. 

GJl^OfiXfi^i  requires  C  =  46*24 ;  H  »  3*77 ;  Ft « 17*6  per  cent 

Twenty  grams  of  aniwle  yielded  8  grams  of  anisyl  sulphoxide 
and  16  grams  of  trianisylsulphonium  chloride.  In  another  ex- 
periment  with  the  same  quantity  of  anisolei  7  grams  of  sulphoxide  and 
16  grams  bf  sulphonium  chloride  were  obtained.  In  neither  case  was 
anisylsulphinic  acid  detected. 

Anui^tulpho-Mf  (CgH4*0Me)gS0^.  (1)  OmdatMnof  Anityl  Sulph<md$, 
— The  sulphoxide  was  treated  with  potassium  permanganate  in  glacial 
acetic  acid  solution  (see  Smiles  and  Le  Rossignol,  loc.  cit.).  The  product, 
when  recrystallised  iiom  alcohol,  formed  colourless  prisms  which 


Digitized  by  Google 


756      SMILES  AND  LE  ROSSIONOL:  THE  SULPHINATION  OF 

melted  at  129  (Loth  and  Mirliaelis,  /oc.  cit.f  give  120  ,  and  Amiaiioim, 
Annnlen,  1871.  172,  36.  givoR  130^). 

(2)  JUethylalioii  of  ^-Pltenohulphoiie.— The  metbylation  was  effected 
with  an  alkaline  solution  of  methyl  iodide  in  methyl  alcohol.  The  re- 
ciystalliscd  product  melted  at  129^  and  was  identical  with  the  above, 
since  a  mixture  of  the  two  melted  at  the  same  temperature: 

0*2568  gave  0-2050  BaSO^.  8=11-93 

Gjfijfifi  reqaires      11*51  per  oent. 

r/ienetok. 

rhenetyl  Sulphoxide,  {0^M,^*01&1^)^,  and  Triphenett/Uulphonium, 
(0«H4*0£fc)s8*. — SulphinatioD  as  above.  The  reaction  product  wa» 
worked  up  bj  a  prooees  similar  to  tbat  described  with  anisole.  The 
products,  phen^yl  sulphozide  and  triphenetjlstUphoniitm  ohloride* 
were  fonnd  to  be  ideotloal  with  those  obtained  by  the  action  of 
thionyl  and  alnmininm  chlorides  on  phenetole  (Smiles  and  Ls  Rossignoly 
toe,  ciL),  Two  ezperimsntSy  each  with  30  grams  of  phensftole^  famished 
respectively  1  gram  of  snlphoxide  with  17  grams  of  salphoniom 
chloride,  and  2  grams  of  sulphozide  with  18  grams  of  sulphoniom 
chloride^ 

m-Mglkoxi/tohjl  Snlphimde^  (C0HgMe*OMe)3SO,  rnnd  Tri'm-methooey' 
Uilylsulphonhimy  (CgHgMe*OMe)^*. — ^The  solphination  and  method 
of  treatment  were  the  same  as  with  anisole.    The  snlphoxide  was 

isolated  as  a  pale  yellow  oil ;  this  was  covered  with  dry  ether,  and 
set  aside  at  the  ordinary  temperature.  After  the  lapse  of  two 
weeks,  the  substance  crystallihed  in  colourless  prisms,  which  were 
collected  and  purified  from  ethyl  alcohol.  m-Methoxytolyl 
sulphoxide  melts  at  83 — 84°,  is  soluble  in  hot  ethyl  acetate  or 
alcohol,  and  gives  a  deep  violet  solution  with  concentrated  sulphuric 
acid : 

0  1589  gave  0  3840  CO2  and  0  0844  H^O.    C=  65*90;  H  =  5-90. 
0-2264    „     0  U84  BaSO,.    8  =  11-32. 

CigHjgOjS  requires  C  =  66-20 ;  H«  6  20  ;  S=  11'03  per  cent. 

The  crude  snlphonium  chloride  formed  a  viscous  liquid  which  did  not 
show  signs  of  crystallisation  until  it  had  remained  four  or  five  woakn 
under  dry  ether.   It  was  converted  into  the  platinichloride. 

m-MitkouifMf^mdphitmium  platiniMride  forms  orange-odonred 
plates  which  melt  at  138— 140<* : 

0*1990  gave  0-8501  CO^  and  0  0829  H,0.    C  »  47  9  ;  H  -  4*83. 
0-1646    „    0  0272Pt.  Pt  =  16-52. 

^a^^sAOleSaPt  requires  U  =  48  08  ;  H  =  4  58 ;  Pt=  16-27  per  cent. 
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Twenty  grams  of  vi-cvenol  methyl  other  furnished  3  grams  of 
sulphoxide  and  16  grams  of  sulphonium  base.  No  sulphinic  add  was 
detected. 

Bfsorcinol  JJimeLhyl  KUitr. 

tn^-m'IHmtlhoxyphmylM  (C0H3*OMe)sS*.^-Sul{ihiiiatioii 
as  usual.  The  product  was  decomposed  with  ice-water,  and  then 
separated  from  unchanged  phenolic  ether  by  distillation  in  a  current 
of  steam.  The  residue  was  repeatedly  extracted  with  hot  water. 
The  united  extracts  were  filtered  to  remove  small  quantities  of  oily 
impurity,  and  were  then  set  aside  to  cool. 

The  sulphonium  chloride  separated  at  first  as  an  oil,  but  later  in  the 
crystalline  form.  When  the  liquid  had  cooled,  the  solid  was  collected. 

tris-m-Dimetfioxi/pIieni/lsulphoiiium  chloride  separates  from  warm 
moist  acetone  in  flocculent  aggregates  of  minute  needles  which  melt  at 
129 — 13C.  The  substance  is  sparingly  soluble  in  cold  acetone  or  water, 
and  extremely  so  in  alcohol.  It  contains  water  of  crystallisation  ;  an 
air-dried  sample  was  heated  to  constant  weight  at  110*',  when  it  was 
found  that: 

0-1607  lost  0  0366  VLfi.  H,0  » 15-67. 
01668  „  0  0263  HjO.   HgO- 15-75. 

Cj^Hg^OgClSjSHaO  requires HgO*  16-81  percent. 

Determinations  of  halogen  and  of  sulphur  were  made  in  the  air-dried 
substance : 

0-3481  gave  0*0662  AgCl.    CI  -  6-49. 
0*2419   o    01076  BaSO^.  S-610. 

C2^H2.(\C1S,5II20  requires  01 « 6*24;  S» 6*63  per  cent 

The  anhydrous  salt  was  also  analysed  : 

0*1481  gave  0  3134  CO,  and  0  0762  H,0.    0  =  5972;  H-6-91. 
G^Hj^O^ClS  requires  C  -  60*19 ;  H  -  5*64  per  cent 

This  sulphonium  chloride  gives  an  intensely  reddish-yiolet  solution 

with  concentrated  sulphuric  acid. 

The  plat  ini chloride  was  isolated  as  a  flesh-coloured,  crystalline  powder, 
which  was  insoluble  in  water.    It  melts  at  153 — 1  j5  : 

0*1862  gave  0  0273  Pt.    Pt«  14-74. 

O^fi^Ojfil^^^  requires  Pt»  15  06  per  cent 

The  residue  from  which  the  chloride  had  been  extracted  with  water 

coDsisted  of  a  pale  brown,  amorphous  mass.  This  apparently  contained 
at  least  two  substances,  one  of  which  was  soluble  in  hot  alcohol,  and 

the  other  quite  insoluble  ;  but,  since  attempts  to  purify  them  were 
not  8uccesaful|  it  remains  doubtful  at  present  whether  either  was  the 
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required  sulphozide.   Both snhstanoes  imparted  a  reddish-violet  oolour 

to  concentrated  sulphuric  acid. 

In  the  above  method  of  treatment,  the  product  of  sulphination  is 
submitted  to  dibliUation  witli  steam,  and  for  this  reason  the  process 
would  not  be  suitable  for  isolating  the  sulphinic  acid,  should  it  be 
formed,  since  substances  of  this  class  are  readily  decomposed  by  hot 
aqueous  mineral  acids.  Hence  anoLlier  experiment  was  performed  in 
which  the  suiphiuic  acid  wa^  especially  sought  for,  but  uoue  could  be 
found. 

Twenty  grams  of  resorcinol  dimethyl  ether  yielded  in  two  different 
experiments  15 — 16  grams  and  12  grams  of  sulphonium  chloride.  The 
formation  of  aolphoxide  ooald  not  be  proved,  but  it  probably  occurs  in 
small  amount. 

Judging  from  analogy  to  quinol  dimethyl  ether  (see  later),  the 
amorphous  mass  above  referred  to  probably  oonaiste  of  a  mixture  of 
sulphide  and  snlphoxide. 

y-Orual  Methyl  Biker. 

Sulphinic  Acid,  MeO-C.H^Me-SO.H  (Me  :  OMe  :  SO3H  =  1  :  4  :  .3),  and 
Sulp/ioxide,  (MeO-OgH3Mo)2SO. — Sulphination  as  usual.  The  mixture 
of  ahiinininm  salts  was  decomposeil  in  the  usual  manner  with  ice- 
water  and  hydrochloric  acid.  The  sulphinic  acid  and  sulphoxide  now 
appeared  as  a  crystalline  suspension  in  the  acid  liquid ;  they  were 
removed  by  extraction  with  chloroform.  ;7-Methoxytoluene-m>8ulphimc 
add  was  isolated  by  first  shaking  the  chloroform  solution  with  aqueous 
sodium  carbonate  and  then  acidifying  the  latter  with  dilute  mineral 
acid.  After  recrystallisation  from  hot  water,  it  melted  at  96 — ^97^ 
(Gattermann,  Ber.,  1899,  32, 1144,  gives  97^) : 

0*2047  gave  0-S865  00s  <uid  0*0998  H,0.   0  «  51  49 ;  H  -  6-40. 

C8H^„03S  requires  C  =  51*6  ;        5  37  per  cent. 

This  acid  gives  a  bright  blue  solution  with  concentrated  sulphuric 
acid. 

Oxidation  of  p  Metkoxi/toluene-m- sulphinic  Acid  to  the  tSulpfionie 
Acid,  MeO*OQHg&le*S02H« — solution  of  the  acid  in  excess  of  aqueous 
alkali  hydroxide  was  warmed  on  the  water-bath  with  the  calculated 
amoont  of  potassium  permanganate.  Towards  the  end  of  the  reaotion, 
alcohol  was  added  to  remove  the  green  colour.  The  liquid  was  then 
SQoeesdvelj  61tered,  neutralised  with  carbon  dioxide,  and  evaporated  to 
dryness.  The  sulphonyl  chloride  was  prepared  from  the  mixture  of 
alkali  salts ;  it  separated  from  acetone  in  large,  colourless  plates  which 
melted  at  83 — 84**.  When  set  aside  with  cold  strong  ammonia  for 
forty-eight  hours,  the  chloride  famished  an  amide  melting  at  182^. 

Alleman  {too,  cU.)^  by  sulphonation  of  jHvesol  methyl  ether, 

X 
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obtained  a  sul phonic  acid  which  he  showed  to  be  of  the  structure 
MeO-C^HaMe-SOaH  (Me  :  0Me:S08H  =-1:4:3).  According  to  the  same 
author,  the  chloride  and  amide  of  this  ncid  melt  respectively  at 
83'5 — 84°  and  180 — 181^.  We  prepared  these  substances  and  were 
able  to  confirm  the  above  temperatures  of  fusion.  We  also  found  that 
a  mixture  of  the  chloride  or  amide  and  the  corresponding  derivative 
prepared  from  the  sulphinic  add  melts  at  the  same  temperature  as  the 
pore  substance  from  either  source ;  hence  oxidation  of  the  sulphinic 
acid  yields  the  salphonic  acid  of  the  above  constitution. 

The  chloroform  solution  from  which  the  sulphinic  acid  had  been 
extracted  was  dried  and  then  distilled.  The  residue  of  almost  pure 
sulphoxide  was  oily,  but  it  immediately  solidified  on  contact  with  dry 
ether.  ^Methoxj^ohieM  iuif^aaeid^,  (tlLeO*0^B^e)fiO,  forms  shining 
pnsmSy  which  melt  at  IZS — 134°  and  are  soluble  in  hot  ethyl  acetate  or 
alcohol.  With  concentrated  sulphuric  acid,  it  gives  a  deep  violet 
solntimi,  which  is  decolorised  by  the  addition  of  p-cresol  methyl 
ether: 

0-21)38  gave  0-7089  CO.,  and  01054  HjO.    C  =  05-81;  H  =  0-20. 
0-2268    „    0  1839  BaSO^.    S  =  1M3. 

CiaHjgOgS  requires  0  =  66-20  ;  H  =  6  2  ;  S  =  1 1  03  jier  cent. 

No  solpbonium  chloride  could  be  detected  in  the  product  of 
Sttlphination. 

From  20  grams  of  j^-cresol  methyl  ether,  4  grams  of  sulphinic 
acid  and  14  grams  of  sulphoxide  were  obtained.  In  another 
experiment,  the  yield  of  add  was  about  3*5  grams  and  of  sulphoxide 
13  grams. 

tm-jp-MtihtixiftdyMphmUum,  {iieO'Cfi^e^fi^.-^p-OreBol  methyl 
ether  was  slowly  mixed  with  a  solution  of  the  sulphoxide  in  concentrated 
sulphuric  add.  When  sufficient  phenolic  ether  had  been  added  to 
change  the  colour  to  pure  red,  the  solution  was  poured  into  a  large 
bulk  of  ioe-cold  water.  The  snlphonium  sulphate  then  separated  as  a 
semi-solid  predpitate,  which  was  converted  in  aqueous  solution  into 
the  chloride.  The  addition  of  chloroplatinic  add  to  the  latter  yielded 
tTh-p-met^ioxytoli/lnulp/ionium  plaiinicJUoride  as  a  flesh-colonred  precipi- 
tate which  melted  at  230—231°  : 

01 511  gave  0-2653  COo  and  0  0590  HjO.    C«47'88 ;  H  =  4-33. 

0-1878    „    0  0300  Pt.*  Pt  =  15-97. 

C^gH^^OeClcSgPt  requires  O-*48  08 ;  H  =  4  5  ;  Pt=  16-27  per  cent. 
The  substance  is  insoluble  in  water  or  alcohol. 
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Quinol  Dwietliyl  EtJier 

A  mixture  of  equal  weights  of  the  phenolic  ether  and  finely-powdered . 
alttiniiiiam  ohloride  was  eovered  with  carbon  disulphide.  Sulphinatiou 
was  then  condttcted  as  nsiuJ,  fresh  carbon  disulphide  being  added 
from  time  to  time  to  keep  the  mass  soffidently  liquid  to  allow  the 
passage  of  the  gas.  The  product  was  a  stiff  brown  masa it  was 
decomposed  with  ice.  Since  special  tests  did  not  roTcal  the 
presence  of  snlphinie  add,  the  contents  of  the  flask  were  distilled  in  a 
cnrrent  of  steam  nntO  the  quinol  ether  ceased  to  pass  over.  The 
remaining  oil  was  separated  from  the  acid  mother  liquor  by  shaking 
with  chloroform,  in  which  it  dissolved  readily.  The  ddoroform 
solution  was  evaporated  after  repeated  washing  with  water,  and  the 
residual  oil  was  covered  with  ether  and  set  aside  in  a  desiccator.  In 
about  two  weeks,  it  liad  solidified  to  a  pale  yellow,  amorphous  mass^ 
which  on  further  investigation  proved  to  bo  a  mixture. 

The  more  soluble  constituent  was  removed  by  extraction  with  hot 
alcohol,  from  which  it  was  precipitated  by  addition  of  water.  The 
amorphous  solid  was  redissolved  in  acetoue,  and,  after  the  pale  green 
.solution  had  been  boiled  with  animal  charcoal,  it  was  filtered  and 
again  precipitated  with  water.  The  substance  was  evidently 
jD-dimethoxyphenyl  sulphide,  since  analysis  yielded  the  lollowing 
result : 

01573  gave  0  3594  00,  and  0*0797  H,0.   0  «  62-3 ;  H  -  5*62. 
Qyfi^fi  requires  C = 62*74 ;  H  »  5*88  per  cent 

The  colourless,  amorphous  suhatance  thus  obtained  melts  at 
97 — 100^9  and  is  soluble  in  acetone  or  hot  alcohol.  The  insoluble 
constituent  of  the  mixture  was  boiled  with  water  to  remove  the 

aluminium  salts,  to  which  it  clung  tenaciously.  Thus  i^-dimethoxyplienyl 
sulphoxide  was  obtained  as  a  colourless,  amorphous  powder  mulling  at 
about  2UU  .  It  dissolves  in  concentrated  sulphuric  acid  with  an 
iutonsu  emerald-green  colour,  which  is  removed  by  the  addition  of 
phcnetolo.  It  is  insoluble  in  alcohol  and  sparingly  so  in  hot  acetoue  : 
0-2048  gave  0  4470  CO,  and  0  0980  H^O.  0  =  59-52  ;  H  =  5-32 : 
CigHiPjS  requires  0  =  59-62 ;  H«5-55  per  cent. 

The  yield  of  these  substances  was  comparatively  small,  the  weight 
of  the  mixture  obtained  from  20  grams  of  phenolic  ether  being 
only  4  grams.  Ko  sulphonium  salt  could  be  detected. 

The  action  of  thionyl  chloride  and  aluminium  chloride  on  the  quinol 
ether  was  also  investigated.  Thionyl  chloride  was  gradually  mixed 
with  a  solution  of  quiuol  dimethyl  ether  in  carbon  disulphide  to  which 
aluminium  chloride  had  been  added.  The  mixture  of  sulphide  and 
sulphoxide  furnished  by  27  grams  of  the  ether  weighed  22  gram^, 
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and,  [rum  this,  8  grams  of  sulphide  and  12  gramb  of  bulphoxide  were 
isolated.  Again,  neither  sulphinic  acid  nor  sulphonium  salt  could  be 
detected  in  the  products. 

StUpftinic  Acid,  MeO'C^HoMe/SO^H,  Sulphoxide, 

and  Suh>JLonium  Base,  {hiiiO'C^l^^\.Q.j^^'. — Sulphinatiou  as  usual. 
The  product  was  poured  on  broken  ice,  and,  when  the  ensuing  reaction 
had  subsided,  the  mixture  was  extracted  with  chloroform.  The 
sulphinic  acid  was  removed  from  the  chloroform  solution  by  shaking 
with  aqueous  alkali  carbonate,  from  which  it  was  preeipitated  by  the 
addition  of  mineral  acid. 

5-Metfioxi/-m-xi/lene-2-8ulj}hi7iic  acid  crystallises  from  hot  water  in 
slender  needles  which  melt  at  94 — 05°.  It  is  sparingly  soluble  in  cold 
water  and  readily  so  in  alcohol.  The  solution  in  concentrated 
snlphurie  add  ezhibite  a  characteristic  violet  colour : 

01606  gave  0-2985  CO^  and  0*0805  H^O.    C  =  54  04  ;  H  =  5-93. 
CVHjjOgS  requires  C  —  54  0  ;  H  =  G  O  per  cent. 

The  original  extract  now  contained  sulphoxide  together  with  a  very 
small  quantity  of  sulphonium  chloride.  The  latter  was  .separated  by 
warming  with  water  the  residue  left  by  evaporation  of  the  chloroform. 
The  sulphonium  chloride  crystallised  from  the  cold  aqueous  solution 
in  colourless  needles,  but  the  quantity  furnished  by  this  experiment 
was  so  small  that  a  more  complete  examination  of  the  substance  was 
poe^Kmed  unUl  a  further  quantity  had  been  obtained  by  another 
method.  The  viscous  residue,  now  free  from  sulphonium  chloride^  was 
dried  and  then  set  aside  in  a  vacuum,  but  it  showed  no  tendency  to 
crystallise  until  pure  ether  had  been  added.  After  the  ethereal  solution 
had  remained  about  a  week  at  the  ordinary  temperature^  the  crystal- 
line precipitate  of  sulphoxide  was  collected  and  recry&tallised  from 
alcohol. 

^MtthoBBj/^m-xylyl  sulphoxidB  forms  colourless,  flat  prisms  which  melt 
at  154 — ^155^.  It  is  moderately  soluble  in  cold  alcohol  and  very 
sparingly  so  in  ether.  The  solution  in  concentrated  sulphuric  acid  is 
violet : 

0-U94  gave  01128  BaSO^.  S«10-31. 

Oi^H^O^  requirss  iS  » 10  06  per  cent. 

Ten  grams  of  the  phenolic  ether  yielded  3'5  grams  of  sulphinic  acid, 
about  0*7  gram  of  the  sulphoxide^  and  a  very  small  quantity  of  the 
sulphonium  chloride. 
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Action  qf  Thumyl  Chloride  on  m-B-Xfflenol  Methyl  Ethar, 

A  miztnra  of  10  grains  of  powdered  alnmiiunm  chloride  and  an 

equal  weight  of  phenolic  ether  was  placed  in  a  flask  surrounded  by  ice. 
Five  grams  of  thionyl  chloride  were  then  added,  very  slowly  at  first 
while  the  reaction  was  violent  and  more  rapidly  later.  When  shaken 
at  intervals  during  the  reaction,  the  mixture  involved  much  hydrogen 
chloride.  Finally,  the  deep  violet  product  was  set  aside  at  the 
ordinary  temperature  for  two  hours  and  then  decomposed  in  the 
usual  way  with  powdered  ice.  The  three  products  were  isolated  by 
the  process  which  has  already  been  described. 

The  yields  of  the  products  when  compared  with  those  obtained  with 
sulphurous  acid  illustrate  the  stronger  sulphinating  powers  of  thionyl 
chloride.  Only  about  half  a  gram  of  aulphinic  acid  was  isolated, 
whilst  the  yield  of  crude  sulphoxide  was  6  grams,  but  this  contained 
an  oily  impurity,  probably  sulphide.  The  amount  of  sulphonium 
chloride  produced  was  also  larger,  1  gram  being  formed  by  the 
solphination  of  10  grams  of  the  ether. 

\igiB-b'Metho3By^'Wylji^%'ndphmu^  chloride,  (MeO*0«H|Me|)|SOl9 
crystallises  from  hot  water  in  long,  oolourless  needles,  whidi  melt  at 
103 — 105^  and  contain  7  molecales  of  water  of  crystallisation. 
A  sample  which  had  been  dried  in  the  air  at  the  otdinaiy  temperatore 
was  heated  to  110^  until  constant  weight  was  attained : 

0-2597  lost,  at  110°,  0  05  iu  U  ,0.    H,O  =  20-79. 

0-1386  gave  U  U3U  AgCl.    CI  =  5  60. 

C.27Ha303ClS,7H.p  requires  H2O  =  210j;  C1  =  5  93  per  cent. 

This  Rulphonium  chloride  dissolves  with  a  violet-brown  colour  in 

« 

concentrated  sulphuric  acid. 

The  platinic/doride  was  obtained  as  an  orange-coloured,  cxystalline 
powder  melting  at  160^  : 

0  1801  gave  0*3302  CO,  and  0  0804  H^O.   C - 60  0 ;  H-  4*96. 
01244    „    0-0192  Ft.   Ft -16*43. 

^iAfifiifi^Vt  requires  0»  60*64 ;  H-614 ;  Ft  - 16*21  per  cent. 

In  conclusion,  the  authors  wish  to  express  their  meet  hearty  thanks 
to  FkFofessor  Oollie  and  to  Dr.  Stewart  for  their  valuable  oritloiam 
during  the  above  experiments. 

XiiB  Ohuank'  Chemistry  LAjBuiULl'oaT, 
London. 
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March  26th,  1908. 
Sir  .William  Ramsat,  K.G.B.,  F.R.S.,  in  tlie  Chair. 


Dr.  A.  McKenzie  and  Dr.  G.  T.  Morgan  were  appointed  Scru- 
tator?, and  the  ballot  was  (opened  for  the  election  of  Officers  and 
Council  for  the  ensuing  year. 

The  President  presented  tha  Report  of  the  Council  on  the  pro- 
gress of  the  Society  during  the  past  twelve  months,  and  the 
Treasurer  gave  a  statement  as  to  the  Society's  income  and  expen- 
diture during  the  year  1907. 

The  adoption  of  the  Report  of  the  Council,  together  with  the 
Balance  Sheet  and  statements  of  Accounts  for  the  year  ended 
31st  December,  1907,  was  propoeed  by  Professor  A.  Livsrsioob, 
seconded  by  Professor  £.  Divebs,  and  carried  unanimously. 

A  vote  of  thanks  to  the  Auditors,  which  was  proposed  by  Dr. 
Albzandsb  Scott,  seconded  by  Mr.  .Otto  Hermbb,  was  acknowledged 
by  Dr.  H.  Forstbb  Moblbt. 


Repoiit  of  the  Council. 

As  in  recent  years,  the  Council  have  the  satisfaction  of  stating 
that  the  proi^perity  of  the  SSociety  continues,  both  the  number  of 
papers  read  and  tiie  number  of  FellowB  on  the  list  showing  a  con- 
siderable increase. 

On  the  31st  December,  1906,  the  number  of  Fellows  was  2,860. 
During  1907,  137  Fellows  were  elected  and  6  reinstated,  making  a 
gross  total  of  3,002.  The  Society  has  lost  30  Fellows  by  death; 
30  have  resigned;  1  election  and  1  reinstatement  have  become  void; 
1  newly-elected  Fellow  has  withdrawn,  and  the  names  of  43  Fellows 
have  been  removed  from  the  list  for  non-payment  of  Annual 

The  total  number  of  Fellows,  therefore,  at  the  Slst  December, 
1907,  was  2,896,  showing  an  increase  of  36  over  the  number  for  the 
previous  year. 
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The  naoMB  of  the  deoeaeed 

election,  are : 

A.  0.  Aitkiu  (1901). 
T.  Andrews  (1870). 
P.  T.  Austen  (1877). 
A.  Bottle  (1873). 
W.  Boweu  (1903). 
K.  Chapman  (1868). 
E  D.  Chester  (1882). 
J.  Clark  (1876). 
George  Davey  (1893). 

A.  Dupre  (1860). 
J.  Gale  (1866). 

Sir  D.  Gamble,  Bart.  (1861). 

S.  HaU  (1876). 

L.  F.  y.  Haroourt  (1863). 

B.  J.  Hanington  (1897). 


PeUowa»  with  the  datea  of  their 

J.  Ince  (1867). 
F.  KeeUng  (1883). 
C.  O'SulUvan  (1876). 
F.  J.  M.  Page  (1871). 

A.  C.  Palmer  (1906). 
S.  Pariitt  (1906). 

Sir  W.  H.  Perkin  (1856). 
H.  D.  Perkins  (1905). 

B.  C.  Polkinghorne  (1899). 
W.  Pritchard  (1870). 

R.  R.  Swann  (1905). 
J.  F.  Walker  (1865). 
R.  Warington  (1863). 
H.  A.  Wetzel  (1883). 
H.  E.  Wright  (1900). 


The  loUowing  Fellows  have  resigned: 


A.  Amos. 
A.  C.  Benson. 
T.  H.  Boirdman. 

J.  Cameron. 
J.  Danioll. 
T.  JJiviiie. 
G.  Dyson. 
A.  T.  Eutroppo. 
J.  A.  Fiiwcett. 
G.  Goldiinch. 


W.  F.  Grace. 
R.  Qrimwood. 
W.  B.  Hards. 

G.  H.  U.  Harrow. 

H.  J.  Hodges. 

W.  A.  F.  LeLhbnd^e. 
H.  iilaitiii. 

H.  G.  F.  Micklewright. 

J.  T.  Nance. 

D,  Northall-Laurie. 


A.  N.  Balmer. 
£.  W.  Sawdon. 
T.  Steel. 
S.  D.  Stennitt 

A.  K.  Tanner. 

W.  H.  Templeman. 
J.  H.  Wain w right. 
J.  W.  Wells. 
U.  Wilson. 
J.  H.  Wolfenden. 


The  number  of  tliose  Fellows  who  were  elected  prior  to  1860  has 
buen  still  further  diminished  by  the  death  of  Sir  David  Gamble, 
Bart.,  who  was  elected  on  March  17th,  1851,  and  Sir  William  H. 
Perkin,  who  was  elected  on  December  15th,  1856. 

The  number  of  Ilonorary  and  Foreign  Members  at  the  close  of 
190G  was  33.  No  clectiojis  have  taken  place  during  1907,  but  the 
Society  has  to  mourn  the  loss  of  Professor  Marcellin  Berthclot, 
elected  March  1st,  1800,  deceased  March  18th;  Professor  Dr. 
Dmitri  Ivanovitsch  Meudeleeff,  elected  February  Ist,  1883, 
deceased  February  '2nd ;  l^rofessor  Dr.  Nicolai  Menschutkin,  elected 
January  20th,  1898,  deceased  February  5th;  and  Professor  Henri 
Mojssan,  elected  January  20th,  1808,  deceased  February  20th. 
The  number  of  Honorary  and  JToreigu  Members,  therefore,  at  the 
aiat  December,  1907,  waa  29. 
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During  the  year  1907,  268  scientific  communications  have  been 
made  to  the  Society,  203  of  which  have  been  published  already  in 
the  Transactions,  and  abstracte  of  all  have  appeared  in  the  Fro- 
ceedingi. 

The  volume  of  Transactions  for  1907  oontaina  2,089  pages,  of 
which  2,021  are  occupied  by  205  memoirs,  the  remaining  68  pages 
being  devoted  to  the  Faraday  Tiecture,  the  Obituary  Notices,  the 
Report  of  the  Annual  General  Meeting,  and  the  Presidential 
Address;  the  volume  for  the  preceding  year  contains  186  memoirs, 
which  occupy  1,890  pages. 

The  Journal  for  1907  contains  also  4,686  abetraetB  of  papers 
published  mainly  in  foreign  joumab,  which  extend  to  2,100  pages, 
wkilst  the  abstracts  for  1906  numbered  4,641,  and  occupied  1,912 
pages. 

The  abstracts  for  1907  may  be  daasified  as  follows: 


Pabt  I. 

No.  of 

Fagea.  AbstracU. 

Organic  Chemistry                            1,104  1,881 

Pabt  II. 

(Tcneral  ;iud  Physical  Chemistry   *  726 

Inorganic  Chemistry   622 

Mineralogical  Chemistry   117 

Physiological  Chemistry    546 

Chemistry  of  Vegetable  Physiology  end 

Agriculture    244 

Analytical  Ohemistry    602 


996  2,855 
•     

Total  iu  Parts  I.  aud  II   2,100  4,686 


In  the  hope  of  diminishing  the  confusion  which  had  arisen  in  the 
nomenclature  of  the  proteins,  consideration  of  the  subject  was  under- 
taken by  the  Publication  Committee,  in  conjunction  with  represen- 
tatives of  the  Physiological  Society;  the  joint  committee  concluded 
their  deliberations  early  in  1907,  and  their  recommendations  appear 
in  the  Proceedings  for  that  year. 

Recognising  the  importance,  from  a  public  standpoint,  of  the 
Presidential  Address  delivered  by  Professor  MeldoU,  F.B.S.,  in 
March,  1907,  the  Council  have  felt  it  desirable  that  his  remarks  on 
that  occasion  should  attract  the  attention  of  a  wider  circle  than  is 
roaehed  by  tlie  Soriety's  Transactions ;  accordingly  5,000  copies  of 
ihc  address  have  been  circulated  among  the  members  of  various 
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public  bodies,  imshtding  botii  Houiet  of  Par]iiment,«id  thaCouneil 
hope  that  this  unusual  step  will  have  the  effeefe  of  liringing  tiie 
subject  of  Professor  Meldola's  discourse  into  fluitable  prominence. 

During  the  past  year,  the  Society  has  had  to  mourn  the  loss  of 
Sir  William  Perkin,  which  look  place  ou  July  14th,  1907,  just  twelve 
mouths  after  the  International  Celebration  which  marked  the 
Fiftieth  Anniversary  of  the  Foundation  of  the  Coal  Tar  Colour 
Industry.  This  is  not  the  place  in  which  to  deal  with  the  splendid 
achievements  of  the  late  Past  President,  or  the  qualities  which 
endeared  him  to  the  Fellows,  who  will  remember  with  melancholy 
satisfaction  that  he  lived  to  participate  in  the  widely-supported 
public  appreciation  of  the  preceding  year,  and  in  the  subsequent 
commemoration  celebrated  in  the  United  States.  The  marble  bust 
of  Sir  William  Perkin  has  now  been  placed  in  the  mating  room, 
and  a  large  photograph  of  the  portrait  painted  by  Mr.  A.  S.  Cope, 
A.R.A.,  is  also  the  property  of  the  Society,  having  been  presented 
by  Sir  William  a  few  months  before  hia  death. 

In  view  of  tlie  loaaes  incurred  during  recent  years  through  the 
death  of  several  Honorary  and  Foreign  Members^  thereby  reducing 
the  number  of  survivors  to  29,  the  Council  recommended  for  election 
the  following  distingiiished  chemists:  Professor  A.  £.  J.  Qautierf 
Professor  Albin  Halier,  Frofesaor  J.  W.  Hiitorf,  l^rofeMor  J.  A. 
Le  Bel,  Prof esbor  H.  L.  Le  Chatelier,  Professor  T.  W.  Bichttds,  and 
Professor  Otto  Wallach.  This  recommendation  was  duly  ratified  by 
the  Society  at  the  meeting  on  Thursday,  February  6th,  1908. 

An  agreeable  feature  of  the  past  year  has  been  the  Jubilee 
Celebration  of  the  Soci6i^  Chimique  de  fVanoe,  aod  on  that  oocaaion 
an  address  of  congratulation  was  presented  by  Sir  William  Bamsay, 
F.R.S.,  on  behalf  of  the  Society,  which  was  represented  alio  by 
Professor  H.  E.  Armstrong,  F.B.S.,  and  Br.  Horace  Brown,  F.B.8. ; 
a  commemorative  medal  has  been  received  from  the  French  institu- 
tion, and  added  to  the  Society's  collection.  A  somewhat  similar 
event  took  place  in  September,  when  the  Geological  Society  cele- 
brated their  Centenary,  tlie  rrcsideni  being  again  delegated  to 
offer  the  felicitations  of  the  Cheiiuciii  Society.  A  copy  of  the 
leccutly  eoiupiled  History  of  the  Geological  Society  has  been  since 
presented  to  the  Library. 

Professor  J.  Bretland  Fanner,  F.R.S.,  accepted  the  invitation  of 
the  Council  to  deliver  a  discourse  before  the  Society,  and  his 
lecture,  entitled  "  Some  Borderline  Problems  in  Botany,"  was 
greatly  appreciated  by  the  Fellows. 

Late  in  1906,  Geheimrat  Professor  Emil  Fischer,  F.R.S.,  an 
Honorary  and  Foreign  Member  since  1892,  was  nominated  Faraday 
Lecturer,  and  gave  his  address,  in  German,  on  October  I8th,  1907, 
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in  the  theatre  of  the  Royal  Institution,  kindly  lent  by  the  managers 
for  the  occasion ;  at  the  termination  of  the  lecture,  entitled 
"Synthetical  Chemistry  in  its  Relation  to  Biology,"  the  Faraday 
Medal  was  presented  to  Professor  Fischer  by  the  President. 

In  common  with  all  corporate  bodies  engaged  in  scientific  pur- 
suits, the  Chemical  Society  has  keenly  deplored  the  death  of  Lord 
Kelvin,  who,  although  not  on  the  roll  of  Fellows,  had  been  the 
guest  of  the  Society  on  many  occasions.  At  the  request  of  the 
Council,  the  President  transmitted  to  Lady  Kelvin  a  resolution  of 
sympathy,  and  the  Sodeiy  was  represented  at  the  funeral  ceremony 
in  Westminster  Abbey. 

Professor  W.  Wislicenm^  of  Tiibingen,  having  initiated  a 
memorial  to  the  late  Professor  J^othar  Meyer,  the  Treasurer  was 
authorised  to  contribute  from  the  funds  of  the  Society,  and  the 
Council  venture  to  hope  that  the  memorial  may  be  supported  by 
individual  Fellows. 

The  Teniilatioii  of  the  meeUng  room  and  council  chamber  has 
occupied  the  attention  of  the  House  Committee,  who  have  recom* 
mended  the  installation  of  electric  fans;  since  their  report  was 
received  and  adopted  by  the  Council,  a  Fellow  who  desires  to 
remain  anonymous,  has  most  kindly  undertaken  to  defray  the  cost 
of  this  highly  necessary  improvements 

In  addition  to  an  engraving  of  Baniell  and  Faraday,  for  which 
the  Society  is  indebted  to  Professor  Meldola,  F.B.S.,  numerous 
articles  of  historical  interest  and  value  have  come  into  the  posses- 
sion of  the  Society  in  virtue  of  a  bequest  by  the  late  Professor 
Warington. 

The  number  of  books  borrowed  from  the  T^ibrary  during  1907 
was  1,317,  as  against  1,126  in  the  previous  yea,T.  The  additions  to 
the  Library  comprise  138  books,  of  which  79  were  presented,  401 
volumes  of  periodicals  (representing  243  journals),  and  40 
pamphlets,  as  against  121  books,  385  volumes  of  periodicals  (repre- 
senting 229  journals),  and  32  pamphlets  last  year. 

The  experiment  of  opening  the  Library  during  Thursday  even- 
ings other  than  those  on  which  the  Society  meets  has  been  discon- 
tinued, so  few  Fellows  having  used  the  Tiibrary  on  those  occasions. 

In  May,  1907,  a  Fpccial  leaflet  was  issued  with  the  Journal 
indicating  the  parts  required  to  complete  certain  sets  of  periodicals 
in  the  Library,  in  the  hope  that  Fellows  happening  to  possess  copies 
of  the  desired  numbers  would  present  them  to  the  Society.  In 
response  to  that  circular,  donations  were  received  from  numerous 
Fellows,  and  this  favourable  response  has  encouraged  the  Oouncil 
to  hope  that  further  oontributions  of  a  similar  character  may  be 
added  to  the  library. 
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As  was  announced  at  the  last  Annual  Meeting,  the  Society 
received  from  the  Worshipful  Company  of  Goldsmiths  a  munificent 
donation  of  £1,000  for  the  Research  Fund.  This  fund  has  been 
still  further  increased  by  the  handsome  sum  of  £2,704  3s.  Sd.,  which 
was  hatuied  over  to  the  Treasurer  in  July  by  the  Perkin  Memorial 
Fund  Committee.  These  two  sums,  as  now  invested,  have  aug- 
mented the  annual  income  of  the  Research  Fund  by  £126  5.^.,  and 
will  enable  the  Research  Fund  Committee  in  the  present  year  to 
recommend  the  Council  to  make  grants  to  the  amount  of  £340  to 
£350.  Of  this  sum,  About  £34  is  more  or  Um  cgpodally  to  be 
devoted  to  the  enoonrageincnt  of  research  in  biorgaiue  and  metal- 
lurgical chemistry,  and  about  £92  iv  investigations  reUting  to 
problems  connected  with  the  cool-^sr  and  allied  industries. 

In  spite  of  several  items  of  a  somewhat  exceptional  natoie,  the 
Treasurer  is  glad  to  be  able  to  report  that  he  has  a  sabstantial 
sniplns  to  canj  forward  as  the  result  of  the  year's  finance^  The 
income  of  the  Society  from  aXL  sources  for  1907  h  £7,260  4s.  lOd,  as 
against  £7,121  8ff.  lid.  in  1906,  and  the  ezpenditaie  is 
£6,750  8«.  6^,  instead  of  £6,379  16«.  Oc^.,  so  that,  whilst  our  expen- 
diture has  increased  by  £370  12s.  Sd,,  our  income  has  only  grown 
by  £188  15«.  lid.  This  still  leaves  a  surplus  of  £509  16s.  6d.  on 
the  year's  working. 

The  increase  in  income  may  be  put  down  almost  oitirely  to  the 
increase  in  Annual  Subscriptions,  for  the  increase  of  £100  in  the 
Life  Compositions  is  more  than  neutralised  by  the  drop  of  £104  in 
Admission  Fees. 

The  Journal  and  Annual  Reports  have  cost  respectively 
.£182  Ids.  Sd.  and  £24  8s.  5d.  more  than  last  year,  but  a  saving  of 
£23  18^.  has  been  effected  on  the  rrocecdinys  and  the  List  of 
Fellows.  The  reprinting  of  certain  numbers  of  the  Proceedings 
which  were  *'  out  of  print "  has  put  it  within  the  power  of  Fellows 
to  complete  their  sots  of  Proceedin^f^.  and  the  increase  in  the  Sale 
has  already  more  than  repaid  the  cost  of  the  reprints. 

A  certain  amount  of  redecnration  beyond  the  annual  cleaning, 
the  balance  of  the  Dinner  account,  and  the  printing  and  distribu- 
tion of  5,000  copies  of  last  year's  Presidential  Address  are  the  chief 
items  which  have  raised  the  "administrative  expenses"  so  much 
above  those  of  last  year. 

In  July  the  Treasurer  was  able  to  purchase  £1,200  North  British 
Railway  3  per  cent.  De-  i  hn  o  Stock;  a  glance  at  the  balance  sheet 
will  show  that  the  value  of  the  invested  capital  of  the  Sociely  was 
on  December  31st,  1907,  £18,862  9f.  9<f.,  and  that  of  the  Research 
Uxokd,  £10»016  lis.  VkL 
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A  vote  of  thanks  to  the  Treasurer,  Secretaries,  Foreign  Secretary, 
and  Council  for  their  services  during  the  past  year  was  proposed 
by  Dr.  Fbank  Clowes,  seconded  by  Dr.  W.  E.  Adeney,  and 
ananiinouslj  adopted.   Professor  J.  Emkeson  Bsynolos  responded. 

The  Pbbsidxnt  tiien  deUvered  his  AddMs^  which  will  be  lofimd 
00  pi  774. 

Professor  Raphael  Meldola  proposed  a  vote  of  thanks  to  the 
President  for  his  address  and  for  his  services  in  the  Chair  during 
the  past  year,  coupled  with  the  request  that  he  would  allow  the 
address  to  be  printed  in  the  Tran$actton8  of  the  Society.  Dr. 
Rudolph  Mbssel  seconded  the  motion,  which  was  put  to  the  Meet> 
vDg  and  carried  with  acclamation. 

The  Report  of  the  Scrutators  was  presented  to  the  President,  who 
declared  the  following  to  have  been  elected  as  Officers  and  Council 
for  the  ensuing  year: 

Preddent:  Sir  William  Ramsay,  K.C.B.,  F.R.S. 

Vice-Presidents  who  have  filled  the  Office  of  President :  H.  E. 
Armstrong,  Ph.D.,  LL.D.,  F.R.S. ;  A.  Crum  Brown,  D.Sc,  LL.D., 
F.R.S.;  Sir  William  Crookes,  D.Sc,  F.R.S. ;  Sir  James  Dewar, 
M.A.,  LL.D.,  F.R.S. ;  A.  G.  Vernon  Harcourt,  M.A.,  D.C.L., 
F.R.S. ;  Raphael  Meldola,  F.R.S.;  H.  Miiller,  Ph.D.,  LL.D., 
F.R.S.;  W.  Odling,  M.A.,  M.B.,  F.R.S.;  J.  Emerson  Reynolds, 
Sc.D.,  M.D.,  F.R  S. ;  Sir  Henry  E.  Roscoe,  LL.D.,  F.R.S. ;  J. 
Russell,  Ph.D.,  1  R.S.;  T.  E.  Thorpe,  C.B.,  LL.D.,  F.B.S.;  W.  A. 
Tilden»  D.Sc,  F.E.S. 

Vie^PreMmU:  J.  Campbell  Brown,  D.Sc.,  UjJ).;  J*  J.  Bobbie, 
ILA.,  D.8c.,  F.R.S.;  F.  Stanley  Kipping,  D.Sc.,  Ph.1).,  FJEt.S.; 
Rudolph  Measel,  Ph.D.;  Sir  Alexander  Pedler,  GXB.,  F.R.S.; 
W.  H.  Perkin,  Ph.D.,  F.R.8. 

Treatvrtr:  Alexander  Scott,  M.A.,  D.Sc.,  F.B.8. 

Secretaries :  M.  O.  Forster,  D.Sc,  Ph.D.,  F.R.S.;  A.  W.  Crossley, 
D.Sc.,  Ph.D.,  F.R.S. 

Foreign  Secretary:  Horace  T.  Brown,  LL.D.,  F.R.S. 

Ordinary  Members  of  Council:  Julian  L.  Baker;  George  T. 
Beilby,  F.R.S.;  Alfred  C.  Chapman;  Julius  B.  Cohen,  Ph.D.,  B.Sc; 
J.  T.  Hewitt,  M.A.,  D.Sc,  Ph.D.;  W.  R.  E.  Hodgkinson,  Ph.D.; 
H.  A.  D.  Jowett,  D.Sc  ;  H.  R.  Le  Sueur,  D.Sc.;  F.  E.  Matthews, 
Ph.D.;  A  Q.  Perkin,  F.K.b.;  W.  J.  tieil,  Sc.D*,  F.B.S.;  John  Wade, 
DJie. 
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PRESIDENTIAL  ADDRESS. 
Delivered  »t  the  AmruAL  GumuL  MmnrG,  March  1908. 
By  Sir  Wiluam  Ramsay,  K.O.a>  F.R.S. 

The  Electron  as  an  Element, 

'*  N«c  peiit  in  toto  qniequuD,  mihi  eredite,  mmido, 
Bed  rtabki  faeiemqne  novat"— Otid. 

Bf.fore  commencing  my  task,  to  attempt  toshowthatchemical  phenomena 
may  be  represented  in  a  reasonable  m  \nner  by  assigning  a  symbol  to  1  be 
electron,  considered  as  an  element,  it  will  be  advisable  to  make  some 
general  statements  regarding  the  relations  between  thinking  man  and 
external  nature. 

Every  one  of  us  (and  by  "  us"  I  mean  to  include  all  things  which 
have,  even  in  embryo,  consciousness  both  of  their  own  existence  and 
that  of  object^!  external  to  them)  holds  certain  suppositions,  whether  by 
inheritance  or  by  early  teaching,  or  by  virtue  of  having  formed  his 
own  deliberate  judgment,  to  be  true  ;  or  if  tlie  word  true  be  found 
objectionable,  to  be  convenient  ;  to  be  necessary  as  a  mode  of  thought. 
Such  Bappositions  we  term  theories  or  hypotheses.  These  words 
theniaelves  require  defioition.  To  quote  Dr.  Johnstone  Stoney  :  "  The 
principal  kinds  of  Bttpposition  are  :  Theories,  Hypotheses,  and  Fictions. 
A  theory  means  a  supposition  which  we  hope  to  be  true ;  a  hypothesis 
is  a  mipposition  which  we  expect  to  be  useful.  Fictions  belong  to  the 
realm  of  art ;  when  allowed  to  intrude  elsewhere,  they  become  either 
Make-hetieveB  or  Mistakes." 

Chemists  and  physicista  deal  with  the  world  of  phenomena ;  with 
operations  and  results  of  operations  which  take  plaoe  in  what  is  called 
*'  natore,"  that  is,  in  a  region  exterior  to  the  minds  of  the  oheerrers. 
They  have  agreed,  implicitly,  to  avoid  the  consideration  of  the 
relationship  between  such  phencmeoa  and  the  mind  of  man,  a  branch 
of  the  subject  termed  Metaphysics;  they  confine  their  attention 
ezdnsively  to  the  relationships  which  they  observe  to  exist  between 
varions  phenomena  external  to  the  workings  of  consdouaness.  It  is 
trae  that  all  each  phenomena  are  known  to  us  only  in  so  far  as  they 
impress  onr  eoDseiousness — our  own  minds,  or  the  minds  of  other 
beings  whom  each  of  us  regards  as  constituted  more  or  less  nearly  like 
himself.  But  inasmuch  as  there  is  a  consensus  of  opinion,  on  the 
whole,  as  to  the  similarity  of  impression  received  by  conscious  beings,  we 
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agree  to  Ignore  the  inquiry  as  to  tiie  mode  in  which  mh  impreflaiona 
reach  our  minda  and  to  confine  our  attention  to  the  relationahipa 

which  we  find  to  exist  among  phenomena. 

Now,  there  are  two  ways  of  regarding  natural  phenoineun,  and 
these  necessarily  depend  cm  the  fundameutul  conceptions  vvhicb  all  of 
us  hold.  We  assume,  first,  that  events  happen  in  sequence,  and  from 
this  we  deduce  the  conception  of  time.  Secondly,  we  believe  that  we 
can  change  our  posiLiou  relatively  to  that  of  other  objects,  and  thiit 
they  change  their  relative  position  to  each  other ;  we  thus  acquire  the 
conception  of  8pace.  Whether  these  ideas  are  engrained  from  biilh,  or 
acquired  by  experiment  or  observation,  we  shall  probably  never  know. 
Thirdly,  we  are  conscious  of  sustained  muscular  ei?ort,  and  from  this 
consciousness  we  deduce  two  ideas,  first,  that  of  mass,  or  that  which 
FcsisLs  our  muscular  eiiorts;  and  second,  that  of  energy,  or,  iu  other 
words,  we  learn  that  to  change  the  position  of  an  object  or  mass,  a 
sustained  muscular  effort  is  necessary.  This  last  conception  is  of 
recent  introduction ;  the  word,  I  believe,  need  in  thia  aenae,  was  due  to 
Profeaaor  Macfinorne  Bankine. 

If  we  assign  certain  numerical  values  to  these  conceptionf,  if  we 
meaaore  time  in  seconds,  linear  space  in  centimetres,  and  mass  in 
grama,  we  arrive  at  a  fundamental  equation  connecting  these  with 
energy,  meaaored  in  ei^   It  is  the  familiar  one : 

where  IT,  X,  AT,  and  T  may  stand  for  equal  number  of  ergs,  gramp, 
centimetres,  and  aeoonda  reapectiyely. 

It  will  be  obaecved  that  only  three  of  these  fundamental  notions  ate 
neoeaaaxy ;  the  fourth  can  be  deduced  from  the  other  three.  Phya- 
idata  and  ohemiata  have  for  centuriea  accepted  time,  space,  and  mass  as 
fundamentals,  and  have  agreed  to  derive  the  conception  of  energy 
from  these  three.  That  is,  they  have  accepted  a  mechanical  e^iplana- 
tton  of  the  universe ;  they  attempt  to  explain  the  invisibly  minute  in 
teims  of  the  visible ;  the  nature  of  objects  by  the  atomic  and  molecular 
theories,  namely,  by  the  supposition  that  objects  consist  of  congeries  of 
small  masses ;  that  the  changes  which  they  observe  to  occur  in  these 
objects  are  due  to  the  motions  iind  altered  positions  of  the  utouis  and 
molecules,  and  that  the  nature  of  the^e  objects  depends  largely  on  the 
relative  positions  of  the  atoms,  or,  as  we  say,  on  their  stiucture.  It 
is,  of  course,  acknowledged  that  the  changes  that  tiike  place  in  objects 
care  accompanied  by  gain  or  loss  of  energy.  To  alter  the  position  of  a 
mass,  energy  must  bo  imparted  to  it,  or,  if  it  spontaneously  alter  its 
position,  it  must  part  with  energy  in  doing  so. 

The  whole  conception  of  a  "  material  universe  "  is  bound  up  in  this 
view,  which  has  contributed  to  a  great  advance  in  knowledge ;  iu  fact, 
ail  progress  in  chemistry  and  physics  has  been  made  by  its  aid.  Thv 
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atomie  theory  is  a  **  thjeoryy"  a  rapposition  whioh  la  Bappowd  to  be 
trnoi  as  wall  as  a  "  hypotheaisy"  which  la  known  to  bo  nief  al.  By  its  help 
wo  explain"  (that  iSf  render  the  unknown  in  terms  of  the  more 
familiar)  soeh  apparently  diverse  faots  as  the  reiatiooa  between  the 
Yolumop  temperature,  and  pressure  of  gasea;  the  optical  properties 
of  oertun  compounds  of  carbon,  nitrogen,  sulphur,  tin,  and  eiliooo; 
isomerism ;  the  phenomena  of  osmotic  pressnie  and  vapour  pressure ; 
and  with  an  added  h3rpotbe8i8,  the  behavkrar  of  dissolved  salts  under 
electric  stress.  It  is  this  last  part  of  our  coDoeptions  which  I 
proj)v>se  to  (li.scuss  in  tin's  addiess, 

But  before  proceciling  to  do  so,  it  must  be  noticed  that  it  is  pos-^ible 
to  explain  phenomeDa  by  postulating  time,  space,  and  energy  as  the 
thioo  fundamentals  ;  mass  is  then  a  derived  conception.  To  my  mind, 
this  method  of  viewing  nature  is  the  more  logical,  for  all  that  we 
know  through  our  senses  directly,  and  indirectly  by  in-itrumont  s  which 
afTeot  our  senses,  is  due  to  transfer  of  energy  to  or  from  our  iicrve- 
terminals.  Such  sensations  are  for  us  real ;  in  ascribing  them  to  the 
presence  of  "  matter  "  as  their  cause,  we  make  use  of  a  theory  which 
is  sanctioned  by  antiquity,  and  by  all  but  universal  custom.  The 
inconvenience  of  the  hypothesis  that  energy  is  the  third  fundamental 
entity  is  that  it  is  difficult  to  assimilate  mentally,  and  that  it  results 
in  sets  of  equations  of  state,  instead  of  affording  a  mental  picture  of 
the  minute  unknown  in  terms  of  the  larger,  and  better  known.  Those 
interested  in  the  subject  will  find  it  expounded  in  various  writings 
of  Prof.  Maoh  and  of  Prof.  Ostwahl,  notably  in  the  latter's 
**  Naturphilosophie." 

I  should  like  here  to  pause,  and  to  note  that  the  words  true"  and 
"/alse"  are  inapplicable  to  such  theories  as  these  of  whieh  I  have 
spoken.  Both  are  perfectly  consistent  schemes  for  the  interpretation 
of  the  universe.  In  all  probability,  neither  of  these  schemes  conveys 
any  idea  of  what  constitutes  phenomena  ;  one  or  other  may  be  regarded 
us  more  c&Jivenient.  Let  mo  hero  refer  to  Dr.  Johnstone  Stoney'a 
writings  for  a  full  discussion  of  such  relations.* 

As  a  matter  of  convenience,  then,  like  most  other  chemists  and 
physicists,  1  choose  deliberately  the  "  mechanical "  explanation  of 
nature.  We  assume  on  wliat  we  consider  to  be  good  grounds  the 
existence  of  molecules  and  of  atoms.  We  believe  on  reasonable 
evidence  that  ^rases  consist  of  almost  innumerable  molecules,  which 
may,  like  argon  and  its  congeners,  be  single  atoms,  but  which  are 
usually  groups  of  atoms.    We  hold  that,  as  a  rule,  liquids  consist 

•  **Ott  the  dependanoe  of  what  tppsrenUy  takes  place  in  nature  upon  what 
aotiudly  ocean  !n  the  uoifone  of  ml  sxtstenees,**— ^nwr.  FhUottjj^  Soe,,  Vol. 
XLII,  No.  173.  "On  the  relation  botw«ea  natunl  sciiDoe  and  ontologjr.*'— AC 
Trang.  &ty,  Dubl,  Sioc.,  Vol.  YI.  Tart  9. 
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of  moleeiilM  of  the  aame  oidor  of  oomjBlttzity  at  g«ses»  hat  witii 
BBudler  &M  path;  the  moIooiilM  of  a  liquid  are  more  erowded  than 
thoae  of  a  gas.  Some  few  liqiude,  water,  the  aleohols,  the  acids, 
probably  saltB,  and  some  others,  may  be  regarded  as  miztiires  of 
polymerides  of  their  gaseous  molecules.  Of  the  stmetiue  of  solids,  we 
are  only  beginning  to  have  some  erode  notion.* 

We  also  belioTe  that  molecules  at  the  ordinary  temperature  are  in 
enormously  rapid  motion  ;  that  they  are  in  frequent  collision  with 
each  other,  and  that  chumical  action  is  tlio  occasional  rcisult  of  such 
collisions.  I  say  "occasional"  because,  as  Dr.  btoney  has  shown,  in 
molecules  such  as  those  of  the  nitrogen  and  oxygen  of  air,  a  collision 
takes  place  on  the  average  thirteen  billion  times  every  second.  Some 
mixtures  of  gases,  for  exauiplc,  hydrogen  and  oxygen,  or  hydrogen  and 
chlorine,  at  a  suitable  temperature,  combine  by  virtue  of  such 
collisions  between  f  lie  molecules  ;  but  the  process  of  combination  is  a 
comparatively  slow  one,  and  it  is  curious  to  think  that  a  collision 
which  is  followed  by  a  combination  is  a  comparatively  rare  event. 

We  begin  to  perceive  that  chemical  reactions,  even  those  tbat  occur 
with  explosive  violencs^  are  far  from  being  the  sudden  events  they 
seem  to  ordinary  human  apprehension.  What  is  really  occurring  in 
nature  is  a  pniraet^d  and  eventful  struggle  between  the  members  of 
two  opposing  aimies,  each  individual  unit  of  which  has  his  own  personal 
bistory  during  the  strnggle,  and  is  fully  occupied  with  his  own  acts, 
which  are  perhaps,  as  many,  as  various,  and  as  different  from  thoee  of 
his  neighbours  as  are  the  thoughts  and  acts  of  the  individual  soldiers 
during  the  progress  of  a  battle."  t 

What  is  meant  by  chemical  action  "  t  We  can  represent  it  as  a 
loss  or  gain  of  energy,  but  we  also  regard  it  as  the  union  or  junction 
of  atoms,  or,  it  may  be,  the  dissolution  of  such  union  or  the  re- 
adjustment of  unions,  so  that  bodies  with  new  properties  are  formed. 
We  may  next  ask :  What  mechanism  can  bo  deviled  to  give  us  a 
picture  of  the  union  of  two  atoms  1  Do  they  interpenetrate ?  Are  atoms 
vortex-ring.s,  and  is  tljeir  union  the  annular  revolution  of  the  two 
rings  J  Or  is  the  older  conception  to  be  preferred,  that  they  are 
approximate  sphei-es  which  come  within  and  stay  within  the  regions  of 
each  others*  influence?  If  so,  why  do  they  slay  near  each  other! 
Various  chemists  have  called  tlie  mechanism  by  which  it  is  conceiveil 
that  atoms  remain  associated  in  a  compound  *'  aflinities  "  or  *'  bonds,  ' 
and  '*  valency  "  is  a  word  used  to  express  the  number  of  such  "  bonds  " 
which  an  element  can  exei'cise  in  any  particular  combination. 
X  have  to  bring  before  you  a  suggestion  which,  although  not  exactly 

*  "Tbxtor*  iu  media."— PA«V.  Mag,,  June,  1890. 

t  Dr.  Stouey,  **  Survey  of  that  pari  of  aaturo  whidi  uum  is  coinpeteut  to  study." 
-^FhU.  Mag,,  Nov.,  1899. 
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new,  admits  of  definite  statement,  and  aSofda  a  mental  picture  of  what 
may  coooeivably  takee  place.  It  is  not  a  "  theory  " ;  I  do  not  hope 
that  it  may  be  true ;  it  is  rather  a  hypothoBiSi  a  snppoaition  that  I 
expect  to  be  uaefnl;  it  may  be  a  '^maln-belleTe" ;  I  trust  that  it  will 
not  be  a  mistake." 

The  hypothesis  admits  of  short  statement.  It  is:  electrons  are 
atoms  of  the  ehemioal  element,  electricity ;  they  possess  mass ;  they 
form  compounds  with  other  elements;  they  are  known  in  the  free 
state,  that  is,  as  moleonles ;  they  serve  as  the  **  bonds  of  onion  "  between 
atom  and  atom.   The  electron  may  be  assign^  the  symbol  " 

I  might  begin  the  exposition  of  this  subject  with  a  historical  sketch 
of  Davy's  and  Berselins's  conceptions  of  the  relations  of  chemical  and 
electrical  phenomena;  it  will  suffice  for  my  purpose  to  direct  yoor 
attention  to  the  Faraday  lecture  delivered  before  our  Society  in  1881. 
Professor  Helmholtz  there  stated  :  "  .  .  .  We  need  not  speculate  about 
the  real  oaiure  of  that  which  we  call  a  quantity  of  positive  or  negative 
electricity.  (Jailiog  them  substances  of  opposite  feign,  we  imply  with 
this  name  nothing  else  than  the  fact  that  a  positive  quantity  never 
appears  oi-  vanishes  without  an  equal  negative  quantity  appearing  or 
vanishing  at  the  same  time  in  the  immediate  neighbourhood.  In 
this  respect  they  behave  really  as  if  they  were  two  substances, 
which  cannot  be  either  generated  or  destroyed,  but  which  can  be  neu- 
tralised and  become  imperceptible  by  their  union."  "...  1  prefer  the 
dualistic  theory.  .  .  .  and  I  keep  the  well-known  supposition  that  a.< 
much  negative  electricity  enters  where  positive  goes  away,bec^iiise  we  are 
not  acquainted  with  any  phenomena  which  could  1>e  interpreted  as  corre- 
spoiidirg  with  an  increase  or  diminution  of  the  total  electricity  con- 
tained in  any  body."  Later  in  his  lecture,  discussing  Faraday's  law,  he 
goes  on  :  **Thb  same  definite  quantity  of  either  positive  or  negittive 
electricity  moves  always  mth  each  univalent  ion,  or  with  every  imit  of 
affinity  of  a  multivalent  ion,  and  accompanies  it  during  all  its  motions 
through  the  interior  of  the  electrolytic  fluid.  This  quantity  we  may 
call  the  electric  charge  of  the  ion."  It  is  what  Dr.  Stoney  has  named 
an  **  electron."  Helmholts  proceeds :  "  Now  the  most  startling  resolt 
of  Faraday's  law  is  perhaps  this.  If  we  accept  the  hypothesis  that 
elementary  substances  are  composed  of  atoms,  we  cannot  avoid  con- 
cluding that  electricity  also,  positive  as  well  as  negative,  is  divided 
into  definite  elementary  portions,  which  behave  like  atoms  of  electricity. 
As  long  as  it  moves  about  in  the  electrolytic  liquid,  each  ion  remains 
united  with  its  electric  equivalent  or  equivalents.  At  the  surface  of 
the  electrodes,  decomposition  can  take  place  if  there  is  suffioient 
electromotive  force,  and  then  the  ions  give  off  their  electric  charges 
and  become  electrically  neutral."  I  will  make  only  one  more  quota- 
tion from  Helmholtz.    Dealing  with  "atomic  compounds,"  tiiut  is, 
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moleeulee  oonBisU^g  o!  atoms  in  union  witk  oaoli  other,  he  aaid :  *'  If 
we  oondiide  from  the  facts  that  evety  unit  of  affinity  is  ofaarged  with 
one  eqnivalent  either  of  poiitiTe  or  negative  eleetrioity,  they  can 
form  compounds  only  if  evecy  unit  charged  positivelj  unites  under  the 
influence  of  a  mighty  electric  attraction  with  another  unit  charged 
negatiTely.  This,  as  you  will  immediately  see,  is  the  modern  chemical 
theory  of  quanti valence,  comprising  all  the  saturated  couipounds." 

Just  twenty  year.-,  later,  m  a  lecture  delivereil  at  Uamburg  in  1901, 
Professor  Nernst  again  emphasised  Helmholtz's  views  in  the  words : 
"  If,  further,  the  most  different  elements  or  radicles  invariably  com- 
bine only  with  a  quite  definite  quantity  of  free  electricity,  or  with  a 
multiple  thereof,  this  can  be  most  simply  expressed  by  the  statement : 
for  compounds  between  ordinary  matter  and  electricity,  exactly  the 
same  fundamental  chemical  law  holds  as  for  compounds  with  each 
other  of  ordinary  chemical  substaQces,  namely^  the  law  of  constant  and 
multiple  proportioDs.''  "£*or  example,  if,  in  common  salt,  we  replace 
the  sodium  atom  by  a  negative  electron,  we  obtain  the  negatlTC 
chlorion ;  if  we  replace  the  chlorine  atom  by  a  positively  charged 
electron,  we  obtain  the  positive  sodium  ion." 

Helmholts,  it  will  be  notioed,  dedaied  his  assent  to  the  dual 
character  of  electricity ;  Nernst  has  followed  his  example,  and  that 
view  has,  untU  of  late  years,  been  universally  held.  But  it  ie  well  to 
remember  that  Benjamin  Franklin  attributed  the  action  of  dectiicity 
to  a  single  **  electrical  fluid  residing  in  all  bodies,  and  capable  of 
passing  from  one  to  another.  The  particles  of  this  fluid  were  supposed 
to  repel  one  another,  and  to  be  attracted  by  the  particles  of  pondsrable 
matter.  A  positive  electrified  body  was  imagined  by  him  to  be  one 
which  had  a  surplus  of  electric  fluid  attached  to  it ;  a  negatively 
electrified  one,  a  deficit.  This  theory  of  FranklinV,  viuUUis  invtandis, 
has  gained  probability  since  the  investigations  of  J.  J.  Thomson,  and 
since  the  discovery  of  radioactive  bodies.  It  has  been  shown  that 
electria  corpuscles  or  electrons  are  capable  of  detaching  themselven 
from  matter,  and  inhabiting  space  unattached  to  any  object.  They 
pass  from  one  part  of  space  to  another,  often  with  enormous  velocity. 
On  certain  likely  suppositions,  the  mans  of  an  electron  has  been 
measured  by  Thomson  and  his  pupils ;  it  does  not  differ  much  from 
the  thousandth  part  of  that  of  an  atom  of  hydrogen.  The  electron 
may  be  termed  an  atom  of  negative  electricity.  The  atom  which  it 
has  left  is  generally,  and  by  many  supposed  to  be  always,  positively 
'  electrifiedt  The  mass  of  an  atom  from  which  one  or  more  electrons 
have  esoi^ed  does  not  difFer  i^predably  from  that  of  the  atom  of  the 
element ;  it  Is  enormously  greater  than  that  of  the  negative  electron. 

As  may  be  supposed,  such  minute  corpusdes  find  ordinary  matter 
eo  eoarse-grained,  that  in  thin  sheets  it  offers  little  resistance  to 
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penetration.  The  P-njB  (to  give  electrons  a  commonlj*Q8ed  synonym) 
paas,  when  in  motion,  thiongh  a  ooneidefable  thiekneoe  of  metals  and 
of  glass.  This  beliaTionr  is  not  unknown  in  the  case  of  heUum,  whiidi 
can  tfavene  thin  walls  of  silioSi  impemoos  to  other  gasest  whilst  glasa 
and  metals  are  impervious  to  it. 

We  ere  not  here  concerned  with  free  electrons  and  their  motions^ 
bnt  with  the  mode  in  which  they  sre  associated  with  matter;  to 
render  the  ooncepiions  dear,  I  will  select  a  familiar  instance. 

When  the  white,  opaque^  lustrous  metal  sodium  hums  In  the  yellow 
gas  chlorine,  small,  white,  transparent  crystals  of  common  salt  aro 
produced.  These  crystals  are  soluUe  In  water,  the  solution  is  also 
transparent  and  colourless,  and  its  propertlee  do  not  materially 
differ  from  those  of  the  mean  of  salt  and  water.  The  power  possessed 
by  the  solution  of  retarding  the  passage  of  light  is  very  nearly 
proportional  to  the  powers  of  the  salt  and  the  water,  taken  in  the 
proportion  in  which  they  occur  in  Folution.  Tho  specific  heat  of  the 
solution,  and  many  other  properties,  are  also  mean  properties.  What 
mechanism  can  we  assign  to  the  change  which  occurs  when  sodium 
burns  in  chlorine  ]  When  salt  is  dissolved  in  water  and  a  '*  current 
of  electricity "  is  passed  through  the  solution,  that  is,  when  two 
platinum  plates,  one  kept  negatively  and  the  other  kept  positively 
charged,  are  dipped  into  it,  sodium  travels  towards  the  negative  plate, 
and  would,  were  no  secondary  action  to  occur,  deposit  in  its  original 
metallic  state  ;  similarly,  chlorine  would  be  Ubei^ted  at  the  positive 
plate.  We  say  that  the  salt  is  ''ionised  in  solution,"  and  we  believe 
that  the  sodium  ion  remains  an  ion  hecause  of  the  positive  charge 
which  it  carries,  and,  similarly,' the  properties  of  the  chlorine  ion  are 
due  to  its  negative  charge.  On  nmoving  these  charges,  the  **  elements  " 
as  we  know  them  are  liberated  as  such. 

Kow,  I  wovld  aqi^ue  that  in  the  light  of  modem  knowledge  we  must 
suppose  that  the  terms  positive"  and  "negative"  mean  merely 
"minus  electrons"  and  "plus  electrons"';  that  the  sodiunkion  or 
«  sodion  "  Is  an  element ;  that  the  metal  sodium  is  a  compound  of  the 
element  ''sodion"  with  an  deotron;  that  the  chlorine  ion  is  a 
compound  of  an  electron  (actually  of  more  than  one  electron;  see 
below)  with  an  atom  of  chlorine. 

It  will  conduce  to  clearness  of  thought  here  to  consider  the  mechanism 
of  an  electrolytic  celL  It  consists  of  two  platinum  plates,  one  kept 
''positive  "  and  the  other  "  negative,"  dipping  in  an  deetrolyte,  say,  a 
solution  of  salt.  The  positive  plate  may  be  considered  as  analogous 
to  a  suction>pump,  capable  of  withdrawin*:  electrons  from  the  solution  ; 
the  negative  j)lale,  a  species  of  electrical  fort'e-i)\imp,  ;;iving  electrons 
to  the  soluti.'ii.  The  sodium  ions  move  towards  tin-  .^unce  of  electric 
pressure ;  each  uumbines  with  au  eleclrou,  and  metallic  bodium,  or  itb 
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•qni^Btont  of  hydvogeoi  is  Ubevfttod.  The  ehlorine  ions,  ions  beeatiso 
•Mh  atom  of  eUoriiie  has  separated  from  the  sodium  taking  witli  it 
the  electron  of  the  latter,  yield  up  each  an  electron  to  the  positiTe 
plate^  and  the  element  ehlorine  or  its  equivalent  in  oxygen  is  Uherated. 

The  action  of  a  hattery  is  easily  pietnred  on  the  same  general  lines. 
Snppose  a  simple  battery  of  a  copper  and  a  sine  plate  dipping  in  a 
sdotioo  of  hydrochloric  add.  Electrons  can  pass  throogh  metallic 
oondnctors ;  let  ns  accept  that  statement  for  the  moment  without 
inquiring  into,  the  mechanism.  Metals  are,  however,  impervious  to 
ions ;  they  form  a  species  of  semipermeable  membrane.  Both  copper 
and  zinc  tend  ta  throw  off  electrons  (see  Ramsay  and  Spencer,  Phil. 
MoLg.j  1906,  [vi],  12,  399),  but  zinc  more  readily  than  copper.  So 
long  as  the  metals  are  not  externally  joined,  no  continuous  action 
takes  place ;  but  on  making  connexion,  the  result  is  this  :  electrons 
leave  the  zinc  more  rapidly  and  readily  than  they  leave  the  copper  ;  this 
induces  a  flow  of  electrons  from  the  zinc  plate  through  the  connect- 
ing wire  to  the  copper  ;  on  reaching  the  surface  of  the  copper,  these 
electrons,  or  possibly  electrons  displaced  by  them,  leave  the  copper  plate, 
combining  with  ion^  of  hydrogen,  which  then  escapes  in  the  gaseous 
form,  whilst  the  zinc  pirts  with  electrons  and  enters  into  solution  as 
zinc  ions.  It  may  be  asked  whence  the  motive  power  is  derived  which 
causes  the  current  of  electrons  through  the  wire ;  the  answer  may  be 
stated  in  two  ways :  either  it  is  due  to  the  difference  of  the  force  with 
vhich  the  copper  and  the  zinc  retain  their  electrons,  or,  in  ordinary 
language,  to  the  electromotive  force  of  the  copper-sinc  couple  ;  or  it 
may  be  attributed  to  a  kind  of  osmotic  pressure,  the  electrons 
traversing  what  to  them  is  a  nearly  opien  road,  namely,  the  ware,  whilst 
matter,  that  is,  chlorine  ions,  is  unable  to  pass.  This  process  goes  on 
so  long  as  there  is  a  difference  of  electric  pressure^  so  long  as  any 
sine  is  left,  or  so  long  as  hydrogen  ions  are  present  to  take  up 
electrons. 

Let  us  again  consider  the  combination  of  sodium  with  ehlorine  to 
form  common  salt.  If  it  be  conceded  that  salt  differs  from  its  solution 
only  in  so  far  as  the  mobility  of  the  solution  permits  of  transfer  of 
ions^  the  transfer  of  an  electron  from  the  sodium  to  the  chlorine  must 
take  plaoB  at  the  moment  of  combination.  Symbolised,  if  we  write 
X  for  electron  and  simplify  the  reaction,  dealing  for  the  moment 
with  an  atom  and  not  with  a  molecule  of  chlorine,  we  have 

ENa  +  OUKaECl. 
Here  the  electron  serves  as  the  bond  of  union  between  the  sodium  and 
the  chlorine. 

If  it  be  dt'sirod  to  form  a  mental  picture  of  what  occurs,  let  me 
suggest  a  fancilul  aiutiu^'y  which  may  serve  the  purpose  :  it  is  that 
an  electron  is  au  umceba-like  btructuie,  and  tiiat  ENa  may  Ijo  cou- 
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ceived  u  an  orange  of  sodium  Bnrroimded  by  a  rind  of  elec^mi; 
that  on  oombination,  the  rind  separates  from  the  orange  and  forma  a 
layer  or  eoshton  between  the  Na  and  the  Ol,  and  that  on  solution 
the  electron  attaches  itself  to  the  chlorine  in  some  similar  fashion, 
forming  an  ion  of  chlorine.  It  will  be  noticed  that  the  E  fills  the 
place  usnally  oooapted  by  a  bond,  thus :  Ka-OL  It  happens  provi- 
dentially  that  the  bond  and  the  negative  sign  are  practically  the  same; 
Na-01  may  be  supposed  to  ionise  thus :  Na(-01),  the  negative  charge 
or  electron  remaining  with  the  chlorine. 

Let  us  next  consider  a  fundamental  question,  which,  however,  I  do 
not  remember  to  have  seen  raised.  In  ordinary  parlance  hydrogen 
and  chlorine  are  termed  monads,  and  may  be  represented  as  each 
possessing  a  bond  of  affinity,  thus,  CK  Now,  when  they  unite, 
are  there  two  bonds  or  onet  Should  we  write  H-Cl  with  one  bond, 
or  H — CI  with  two  1  Considering  a  bond  as  an  electron,  the  symbol 
CI-  is  wrong  for  an  atom  of  chlorine ;  it  has,  strictly  speaking,  no 
bond,  that  is,  no  electron,  but  merely  possesses  the  power  of  receiving 
one  from  the  hydrogen.  But  wo  know  from  chemical  considerations, 
as  well  as  from  arguuicnts  derived  from  the  ratio  of  the  specific  heats 
at  constant  volume  and  at  constant  pressure  of  monatomic  and  of 
diatomic  gases,  that  the  hydrogen  molecule  has  the  formula  H,,  and 
the  chlorine  molecule,  CI.,.  How  can  we  explain  this?  Is  the  formula 
of  hydrogen  H-H  or  11- -H  1    And  is  that  of  chlorine  ClCl  ^ 

These  ibises  conduct  electricity  at  low  pressures,  and  are  therefore 
ionised.  It  appears  probable  that  in  this  state  the  electric  condition 
of  the  ions  must  be  different.  Several  suppositions  are  conceivable. 
First,  the  ions  may  be  II  and  EHE ;  second,  they  may  be  £  and 
HEII ;  third,  they  may  be  and  H,.  From  Wilson's  experiments  on 
the  separation  of  the  ions  in  an  electric  field,  aud  on  the  slower  rated 
motion  of  the  positive  ions,  the  second  and  third  of  these  views  are  the 
more  probable,  and  chemical  considerations  would  lead,  I  think,  to  the 
choice  of  the  second.  When  urged  electrically,  the  electrons  can 
penetiate  thin  metallic  plates,  as  Lenard  as  shown.  But  it  is  a  matter 
on  which  we  may  agree  to  reserve  judgment.  . 

Let  us  next  consider  the  chlorine  molecule.   Here  we  havcv 
apparently,  two  atoms  in  juxtaposition,  no  electron  being  associaMi 
witb  them.   It  must,  however,  be  remembered  that  in  the  oxygen4Hii 
compounds  of  chlorine,  that  element  is  a  polyad,  a  triad  in  KO-Ol*  bO,  § 
tetrad  in  0=C1=0,  a  pentad  in  KO-Cl(=0)s,  and  a  heptad  in  KCXn  ^pi)^ 
It  has  therefore  a  reserve  of  electrons,  and  when  it  combines  wvSik 
itself,  forming  01^  we  have  the  choice  between  ClBd,  OlE^Ci,  ClE^t?!^ 
and  OlByCl.   Were  we  to  write  out  in  full  all  the  electrons,  we\^ 
should  have  the  cumbrous  formulsB  E^jClBClBy,  E^CiEjClE^,  EjClE^E,,  ^ 
and  CiEjClEy,  or  we  might  draw  the  mediate  electrons  partly  from 
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both  atoms  of  chlorine.  1  am  far  from  suggesting  the  us©  of  such 
formulce  ;  it  isovideub  that  in  our  ordinary  structural  or  constitutional 
formuUe  wo  ignoio  the  "  latent"  electrons,  and  make  use  only  of  those 
which  are  of  service  for  the  moment.  Wo  may  write  for  the  formula 
of  chlorine  Cl-Cl,  or  ClECl,  <kc.,  but  we  gain  nothing  by  indicating  that 
the  two  atoms  may  be  trebly  bound.  In  fact,  a  struclural  formula 
shows  by  bonds  those  electrons  which  we  deem  it  serviceable  to 
represent.  It  may  be  remembered  that  Frankland  in  his  Lecture- 
DOtes"  (inorgamOy  p.  3d)  saggested  that  "  latent  atomicity  "  (or,  as  we 
now  tenn  it,  valency)  coald,  if  desiied,  be  represented.    But  he 

H 

contiBeUed  to  write  H-N-H,  and  not  H~N-H. 

u 

It  will  now  be  convenient  to  represent  Bome  typical  formulce  in 
terms  of  electrons,  remembering  that  we  are  really  arguing  in  favour 
of  the  existence  of  a  new  element  of  which  an  atom  is  called  an 
*'  electron." 

.So  long  as  ionisable  compounds  are  considered,  this  view  presents 
no  real  difficulty.  I^et  us  examine  a  few  reactions  of  the  usual 
"  excliange "  type  first,  leaving  the  question  of  the  disposal  of 
electrons  which  are  not  separable  by  ionisation  until  later.  As  a  tirst 
example,  let  us  take  the  action  of  hydrochloric  acid  on  silver 
nitrate  : 

H(E01).  Aq  +  Ag(B90.).  Aq  »  AgEOl  +  H(BNO,).  Aq. 
We  might  also  write : 

H|ECl.Aq  +  Ag|EN08.Aq  =  AgECl  +  HIENOg.Aq. 
or  :  Hj-01.  Aq  +  AghNOs.  Aq  «=  Ag-Gl  +  H|-NOj.Aq. 

Here  the  vertical  bar  denotes  ionisation. 

Kezt  let  06  write  as  an  equation  the  action  of  an  acid  on  sodium 
carbonate: 

Na2(E,C03).  Aq  +  H2(E.3S04).  Aq  =  Na2(  E.SO,).  Aq  +  H.,E,0  +  CB4O,, 
or  :  NaJE2C03.Aq  +  H2;E.^SO^.Aq  =  Na2lE.^S04.Aq  +  H2E20  +  CE^02, 
or  :  Na2|rC03.  Aq  +  H,|-SO^.  Aq  «  Na,l=SO^. Aq  +         +  0^0,. 

In  this  instance,  nothing  is  predicated  regarding  the  electrons  in 
water  or  in  carbon  dioxide,  except  that  they  serve  to  unite  the 
elements.   This  point  will  be  reserved. 

Take  nest  a  simple  case  of  oxidation : 

2EPe(E01)s.  Aq  +  01,.  Aq  »  2Fe(E01),.  Aq, 
or :  3-Fe!=0l,,  Aq  +  CI,.  Aq  -  2Fe|(-01),.Aq. 

Next  of  reduction  : 

2Fe(ECl)3.  Aq  +  EaSoE^Cl,.  Aq  =  2EFe{ECl)...  Aq  +  Sn(ECl)4.Aq, 
or :   2Fe^l,. Aq + =Sn|  O^Aq  =  2-Fe|  Cl,.Aq  4-  SnK-Ol)^.  Aq. 
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Such  case?  give  little  trouble.  It  is  the  formuln  of  bodies  whieh  «rtt 

not  ionised,  or  only  partially  iooisedi  which  require  oareful  con- 
sideration. 

It  will  be  remembered  that  Professor  Abegj^,  in  a  very  suggestive 
memoir  on  valency  {Zeitach.  anal.  Cheju.^  1904,  39,  330),  threw  out 
the  suggestion  that  the  total  valency  of  the  elemeuis  ujay  be  taken  as 
eight,  which  in  each  group  may  be  taken  as  "  normal  "  valencies, 
denoted  by  the  +  symbol,  and  *'  contra "  valencies,  denoted  by  the 
-symboL   The  following  table  epitomises  his  suggestion: 

Gioop  I.         II.        IIL        IV.        V.         VI.  VII. 

1+         2+         3+         4+  -3  -2  -1 

7-         6-         6-         4-  +6         +6  +7 

The  normal  valenciM  we  supposed  by  Abegg  to  be  stronger  "  Hhtok 
the  oontraTftlenoies. 

A  somewhat  similar  hypothesis  has  been  advanced  by  Arrbenitts 
{TKeorim  dw  ChrnniSt  Leipzig,  1906)  and  by  Spiegel  {ZeiUok,  amr^, 
Chem.f  1894,  5,  29,  365).  To  take  a  specific  instance  :  nitrogen  in 
ammonia  carries  as  many  pairs  of  opposite  electrical  units  as  corre- 
riponds  with  its  maximum  capacity  for  saturation.  Thus  NHg  has  an 
additional  negative  aud  an  aililitioiial  positive  charge  when  it  forms 
NIl3(  -  H)(  +  01).  The  existence  of  such  ''neutral  '  allinities,  accord- 
ing to  Spiegel,  explains  the  greater  content  of  energy  of  such  bodies  as 
ammonia  than  their  compounds  like  ammonium  chloride. 

Let  us  now  consider  the  question :  in  compounds  containing 
elements  or  groups  which  do  not  separate  as  iocs,  and  which  therefore 
do  not  afford  a  clue,  from  whieh  element  does  the  electron  cornel 
The  answer  is  best  arrived  at  by  considering  as  an  instance  such  a 
compound  as  perchloric  acid.  When  dissolved  in  water,  the  hydrogen 
of  H-OCIO3  is  left  as  an  ion,  minus  an  electron,  H— OCIU3.  The  four 
atoms  of  oxygen  are  capable  of  receiving  electrons ;  but  the  chlorine 
atom,  having  already  seven  attached  to  it,  can  receive  only  one  more^ 
and  that  one  only  when  it  is  ionised,  as  in  a  solution  of  common  salt. 
It  then  possesses  its  full  complement  of  eight  electrons.  Hence  it 
follows  that  in  perchloric  acid,  the  electrons  which  form  the  bonds  of 
union  of  the  chlorine  with  the  oxygen  most  be  those  previously  asso- 
ciated with  the  chlorine,  and  not  those  associated  with  the  oxygen* 
Expressed  in  the  cumbrous  notation  in  which  each  electron  is  denoted 
by  £,  we  should  have 

The  (E)^  means  that  the  oxygen  is  normally  associated  with  four 
electrons  besides  the  two  which  it  receives  from  the  hydrogen  and  the 
chlorine ;  the  second  (E)^  implies  that  each  oxygen  atom  is  associated 
with  four  electrons  besides  the  two  which  it  takes  from  the  chlorine* 
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In  Abegg'a  phraseology,  oxygen  possesses  two  ^normal  valencies  which 
are  here  latent,  and  four  contravalencies  (not  six,  for  oxygen  is  never 
known  to  act  as  a  hexad)  which  here  become  operative.  If  we  read 
Abegg's  nomenclatnro  in  the  sense  that  a  plus  sign  signifies  the  ability 
to  part  with  one  or  more  electrons,  whilst  a  minus  sign  is  the  ability 
to  noeiTe  one  or  more  electrons,  we  find  in  his  method  of  viewing  the 
valency  of  the  elements  a  close  resemblance  to  the  one  I  am  putting 
forward.  This  instance  will  suffice  as  an  indication  of  how  the 
oonstitntica  of  sooh  moleeiiles  may  be  elucidated  with  Bome 
inrobftbility. 

No  theoty  would  now  be  acceptable  which  did  not  attempt  the 
explanation  of  two  very  remarkable  phenomena;  fint»  the  extrusion 
of  ionisable  groape  in  such  compounds  as  cobaltammine  nitrites  by 
farther  addition  of  ammoniay  and  second,  the  directive  influence  of 
the  pmence  of  certain  substitntive  elements  or  groups  on  the  position 
into  which  further  substituents  enter.  With  this  last  is  no  doubt 
bound  up  the  phenomenon  of  tautomerism,  with  its  attendant  absorp- 
tion spectra.  Time  fails  me  to  attempt  more  than  to  point  out  the 
lines  of  a  possible  explanation. 

Ammonium  chlorido  behaves  like  the  chloride  of  an  alkali  metal, 
inasmuch  as  it  yields  chlorine  ions  when  dissolved  in  water.  We 
must  therefore  picture  its  partial  constitutional  formula  as 
(NH^)[-C1,  the  electron,  -,  having  become  attached  to  the  chlorine 
atom,  converting  it  into  an  ion  when  di.ssolved  in  water.  It  is  reason- 
able to  suppose  that  the  nitrogen  atom,  itself  carrying  five  electrons, 
may  receive  three  more  from  the  three  atoms  of  hydrogen  in  ammonia, 
thus  :  Hj{=N.  The  total  number  of  electrons  now  associated  with 
the  nitrogen  atom  is  the  maximum  possiblct  eight.  If  an  attempt  be 
made  to  add  another,  as  in  NH^,  that  proves  impossible,  but  the 
nitrogen  atom  may  part  with  one  to  the  chlorine  atom,  already 
carrying  seven,  when  it  has  a  vacancy,  as  it  were,  which  is  filled  by 
the  electron  from  the  hydrogen  atom ;  it  then  becomes  "  saturated.'* 
A  suggestion  resembling  this  one  has  been  made  in  terms  of  positive 
and  negative  charges  by  Arrhenins  (7%«orte»  dw  ChmUt  p.  73). 

Our  task  is  now  to  consider  the  compounds  investigated  by  Werner, 
and  a  specific  ease  will  prove  sufficients  The  nitrites  of  the  cobalt- 
ammines  have  the  peculiarity  of  being  non-ionised,  partially  ionised, 
or  completely  ionised,  according  to  the  number  of  ammonia  groups 
presents  Thus,  if  the  vertical  bar  denotes  ionisation,  we  h4ve : 

Co(NO.),(NH3)3, 

Co(NO,)a(NH,)JNOy  Oo(NO^(iJH^4PO,)„  and  Co(NH^|(NO^,. 

How  are  these  oompounde  to  be  represented  1 
Jost  ae  tiie  nitrogen  atom  in  NH^Ol  takes  one  electron  from  the 
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hydrogen  of  the  HOI  and  givee  one  up  to  the  chlorine,  so  it  appewft 
reasonable  to  suppose  that  in  these  oohaltommines  eaeh  nitrogen 
atom  of  the  three  ammonia  groups  takes  from  the  cobalt  atom  one 
electron,  whilst  it  gives  one  at  the  same  time.  The  formula  of  the 
triammiDO-tiitrite  would  therefore  be  : 

« 

If  anothor  molecule  of  ammonia  be  added,  then  the  cobalt  atom 
gives  to  the  nitrogen  of  tlio  ammonia  an  electron,  but  does  not  receive 
one  in  return.  The  nitrogon  atom  of  that  ammonia  group  is  then 
**  overloaded,"  for  it  has  receive<l  four  electrons  in  addition  to  its 
normal  five,  making  nine  in  all ;  now  it  appears  that  no  element  can 
be  associated  with  mora  than  eight  in  all.  Hence  that  nitrogen  atom 
must  lose  an  electron.  This  it  imparts  to  one  of  the  (NO.Vgronps, 
which  parts  company  with  the  cobalt  atom,  and,  as  a  complex 
ammoninm  nitrite  is  now  present,  it  is  ionisable  on  SDlution  in  water. 
A  glance  at  the  proposed  formula  will  explain  the  conception  ; 

t 

H,N  NH3 
The  remaining  formuUe  may  be  writien  similarly^  thus : 

\    /  \  y 

H,N      O0-NO2  H^N  r=  Co  —  NHg-NOa- 

Why  is  the  group  Oo(NH8)3(NO^),  not  ionisable  I   Let  ns  first 
inquire :  why  is  cobalt  nitrate  ionisable  t  (Cobalt  nitrite  is  unknown.) 
Because  the  cobalt  atom  gives  up  an  electron  to  each  of  the  three 
KO,ngrou{»s»  remaining  itself  as  an  ion«    That  is,  the  metal  cobalt  has 
three  electrons  associated  .with  it;  what  we  call  "  metallic  cobalt"  U 
a  « tri^ectride "  of  cobalt.   As  •*  cobaltion/*  it  has  parted  with  its 
three  electrons.    But,  in  the  last  of  the  three  compounds  above,  the 
*****  got  three  electrons  at  disposal,  it  has  already  parted 
with  them  to  tha  NH,NO,.groupg.    And  we  are  led  to  conclude  that 
in  the  non-ioniaable  compound  Lk©  cobalt  does  not,  as  in  its  ordinary 
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Raits,  part  with  tlivee  eleetrona,  bat  that  it  receives  them  from  the 
nitro-gronps. 

This  last  statemeut  opens  tho  ditiicult  question  why  the  presence  of 
some  one  substituting  element  or  group  in  a  compound  influences  the 
position  into  which  another  substituting  element  or  group  shall  enter. 
I  can  only  suggest  a  possible  answer  in  general  terms.  Non-metals  are 
bodies  which  have  a  Btrong  affinity  for  electrons  ;  metals,  bodies  with 
but  slight  affinity.  It  is  for  this  reason  that  "  metallic  conductors  " 
fulfll  their  function,  whilst  non-metals  are  non-conductors.  In  a 
metallic  wire,  displacement  easily  occurs ;  whether  conduction  in  a 
metal  consists  wholly  in  displacement  or  in  flow,  I  do  not  know. 
Pfx>bablj  both  methods  of  transit  are  operative.  Now  elements  or 
groups  already  oocopyiog  a  position  in  a  compound  vary  in  their 
affinity  for  electrons  ;  some  approximate  to  metals  in  their  feeble 
affinity,  others  rather  resemble  non-metals.  If  they  have  a  great 
affinity,  it  is  likely  that  they  will  exert  an  attractive  influence  on 
sahetitnents  which  are  easily  disposed  to  part  with  electrons,  and  vice 
versA.  I  imagine  that  the  phenomenon  of  *'  predisposing  affinity  "  is 
to  be  explained  in  some  sneh  way. 

Lastly,  the  phenomenon  of  tantomerism  may  be  conceived  as  the 
shifting  of  an  electron,  and  its  accompanying  absorption  of  light  of 
certain  parts  of  the  spectrum  as  due  to  eleetronio  oscillation.  But  it 
would  pvolong  this  address  too  far  were  I  to  enter  into  such  specula- 
tions in  detail. 

I  hope  that  I  shall  not  be  accused  of  presumption  if  I  venture  to 
draw  a  parallel  between  the  past  and  the  present.  Until  nearly  the 
end  of  the  eighteenth  century,  the  phlogistic  theory  held  its  sway  ; 
what  Lavoisier  postulated  as  oxidation,  was  regarded  as  loss 
phlogiston.  I  willank  youtosuppose  thatcertain  persons,  loth  to  al)iindon 
the  theory  of  phlogiston,  took  a  middle  course,  and  held  com})ustion  to 
consist  not  only  in  the  loss  of  plilogiston,  but  also  in  combination  with 
oxygen.  Their  iiiiap^innry  case,  I  venture  to  think,  affords  a  parallel 
to  the  views  of  those  who  uphold  the  dual  nature  of  electricity.  Just 
as  a  combustible  body  may  be  supposed  never  to  unite  with  oxygen 
without  at  the  same  time  losing  phlogiston,  so,  according  to  current 
language,  a  body  never  gains  ponitive  electricity  without  at  the  same 
time  losing  negative  electricity.  So  long  as  electricity  was  supposed 
to  be  a  state  of  matter,  that  view  was  plausible ;  now,\however,  that 
the  sabetantiality  of  the  electron  has  been  demonstrated  in  eo  far  as 
it  exhibitB  inertia  and  poesesses  mass,  it  is  surely  time  to  reconsider 
our  position,  and,  whatever  the  fate  of  the  hypothesis  which  I  have 
made  the  subjeet  of  this  address,  I  eherish  the  hope  that  it  may  direct 
attention  to  a  possible  method  of  "explaining  "  phenomena. 


Digilizeu  by  GoOgle 


788 


BOBBBTSON:  OBTHOBBOMOFHBNOLS 


Ab  regards  onr  Society,  it  etill  oontinQee  its  era  of  prosperity.  Oar 
numben  increase,  and  onr  work  inoreMss.  We  welcome  the  advent 
of  new  contrilrators  to  ourTkmnsaetioiit,  and  we  deptore  the  loss 
of  some  old  friends.  Many,  however,  still  remain  among  us,  and  I 
wish  particularly  to  congratulate  Sir  William  Orookes  on  his  having 
attained  his  fiftieth  year  of  membership,  retaining  the  full  vigour  of 
youth.  May  he  be  long  spared  to  enrich  Science  by  his  aduiii-able 
researches  1 


LXXI. — Orthobromcphenoh  and  Same  Bramonitro-. 

pKemh. 

By  Philip  Wilfbbd  Robbbtboxt. 

On  direct  bromination  with  an  equimolecular  quantity  of  bromine 
in  acetic  acid  solution,  phenol  yields  both  the  ortho-  and  para-mono- 
biomo-derivative9.  A  mctbo  l  has  been  worked  out  by  Meldola  and 
•  Streatfeild  (Trans.,  1898^  73,  681),  and  later  extended  by  Hewitt, 
Eenner  and  Silk  (Trans.,  1904,  85,  1335),  to  determine  the  veUtive 
amount  of  each  isomeride  produced  in  the  reaction.  The  product  of 
tiie  bromination  is  nitrated  and  then  distilled  in  steam ;  the  weight  of 
the  volatile  |>-bromo>o-nitrophenol  in  the  distillate  gives  a  means  ol 
calculating  the  amount  of  p-bromophenol  obtained  from  a  known 
weight  of  phenol »  and  the  amount  of  ortho-derivative  is  determined 
by  difference. 

This  method  was  applied  in  the  case  of  oHsreeol,  as  it-  was  hoped  to 

be  able  to  prepare  a  derivative  containing  a  bromine  atom  in  the  ortho- 
position  with  respect  to  the  hydroxyl  group,  namel}',  3-bromo-o-cresol 
by  direc  L  Itromination  in  acetic  acid  solution.  It  was  found,  however, 
on  nitrating  the  j)roduct  and  then  subjecting  it  to  steam  distillation, 
that  practically  the  whole  amount  passed  over  as  5-bromo-3-nitro-o- 
cresol  (m.  p.  88°).  Further,  no  trace  of  the  isomeric  3- bromo- 5 -nitro- 
compound could  be  detected  in  the  non-volatile  residue,  from  which  it 
must  be  concluded  that  no  ortho-dorivative  is  produced  by  the 
bromination  of  o-crosol  in  acetic  acid  solution.  A  second  experiment, 
which  was  performed  ia  the  presence  of  sodium  acetate,  yielded  a 
similar  result. 

Eventually  an  indirect  method  of  preparing  3-bromo-<Hsre8ol  (IV) 
was  devised,  which  consisted  in  brominating  6-hydro^-m-toluic  acid 

(II)  and  theu  heating  the  resulting  5-bromo-6*hydroxy-iii-tQlnio  acid 

(III)  with  lime^  as  shown  in  the  following  scheme : 
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CO^H  CO^H 

/\  /\  /\  /\ 

•      OH  OH  <m  (ffl 

(I.)  (11.)  (III.)  (IV.) 

The  oonstitation  of  this  Dew  bromoerec>ol  waseoDfirmed  by  nitration, 
whereby  3-broino4^-iiiinHM!reiol,  identicai  with  the  produet  of  bromiDar 
tion  of  5*iiitra«>ereflol|  was  obtained. 

HO  Br 


|.|p/mcilcirf,Me<3  . 

OOjH 


6-Hydroxy-m-toluic  acid  was  dissolved  in  acetic  acid,  and  tho 
calculated  quantity  of  a  30  per  cent,  solution  of  bromine  in  acetic 
acid  was  added  slowly.  The  reaction  was  completed  by  warming  on  a 
water-bath,  when  the  inaoluble  5-bromo-Q-hydnmjf'm-toluic  acid  began 
to  be  deposited  in  fine  needles.  The  product  was  recrystallised  from 
methyl  alcohol,  and  then  melted  at  227^,  the  yield  being  almost 
qnantitative : 

0*1778  gave  0*1456  AgBr.   Br  «  34*8. 

OgH^OgBr  requires  Br »  34*6  per  cent. 

HU  Br 

5-Bromo-6-hydroxy-m-tohiic  acid  was  intimately  mixed,  in  portions 
of  15  grams,  with  about  twice  the  amount  of  lime  in  a  hard  glass 
tube,  which  was  heated  gradually  in  a  metal-bath  tn  300°,  The 
distillation  was  performed  in  a  vacuum.  ?>- Bromo-o-cresol  collected  as 
an  oil  in  yields  varying  between  15  and  25  per  cent,  of  the  theoretical. 
On  fractionation,  praotioally  the  whole  of  the  product  boiled  constantly 
at  199— 200°/74»  mm. : 

0*1468  gave  0*1470  AgBr.   Br  »  42-5. 

0|B^OBr  requires  Br  b  42*7  per  cent. 

NO, 

^'Bromo-Q-nitro-o-cresal,  Me<^    ^  . 

HCjBr. 

S-BrotnoHMsresol  was  nitrated  in  acetic  add  solntion  at  0°  by  adding 
slowly  a  20  per  cent,  solution  of  slightly  more  than  the  calculated 
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quantity  of  nitric  acid.    Before  the  nitration  was  complete,  white 

crystals  had  begun  to  separate.  The  product  moltod  {>harply  at  1'20'-, 
and  the  uielliu^^  point  lumaiiiod  uualiered  on  recrystuUisatioii  fruui 
alcohol.  Whou  obtained  by  the  bromination  of  5-nitro  o  cresol,  the 
compound  also  molted  at  120%  and  on  mixing  the  two  preparations 
the  melting  point  was  unchanged  : 
0-1744  gave  01410  AgBr.    Br  =  34-4. 

CyHgOgNBr  requires  Brss34'2  per  cent. 

The  potassium  salts  of  this  compound  and  of  the  isomeric  5-bromo- 
3-nitro-o-cresol  arediaracterised  by  the  fact  that  two  Tarieties,  one 
yellow  and  one  red,  can  be  obtained  at  the  ordinary  temperatnra. 
These  substances  asem  to  be  of  the  same  type  as  the  "  ehromo-salts  " 
of  nitrophenols  recently  described  by  Hanttseh,  and  the  resnlts 
confirm  the  general  condasion  as  to  the  existence  of  two  definite 
series  of  salts,  red  and  yellow,  and  of  orangM>loared  mixed  salts. 
As  yery  few  examples  of  this  behaviour  are  well  established,  and,  as 
the  whole  qaestion  is  of  considerable  interest  in  connexion  with  the 
theoretical  conclusions  of  Hantssch  (/Tsr.,  1907»  40, 380),  the  prepara- 
tion of  the  isomeric  salts  may  be  described. 

Potassium  Salts  of  3-Bromo-5-nitro^-crt8ol, 

On  adding  a  alcoholic  solution  of  potassium  ethoxido  drop  by 
drop  to  an  ethereal  solution  of  3-bromo-5-Ditro-o-cresol,  the  orange- 
ooloored  mixed  salt  is  usually  precipitated.  Under  certain  conditions, 
however,  the  red  and  yellow  isomerides  are  produced  together,  although 
generally  within  an  hour  there  is  a  change  into  the  orange-coloured 
mixed  salt.  If,  however,  excess  of  potassiomethoxide  solution  is  added 
rapidly  and  with  constant  shaking,  it  is  sometimes  possible  to  precipi- 
tate the  red  variety  alfme,  and  when  formed  it  appears  to  be  moderately 
stable  in  the  presence  of  excess  of  alkali.  After  being  filtered  and 
washed  with  ether,  it  is  very  unstable^  and  changes  quickly  into  the 
orangeeoloured  mixed  salt. 

The  transformation  begins  at  one  point  and  proceeds  at  a  definite 
rate  across  the  mass.  A  sample  was  obtained  for  analysis;  it  was 
free  from  alcohol  of  crystallisation  by  drying  in  a  vaonnm  : 

Found,  K=U-2. 

C-H^OgNBrK  recjuires  K=  14  4  per  cent. 

The  orange-coloured  mixed  salt,  which  results  from  the  transforma- 
tion of  the  1  ed  isouieride  ur  on  precipitation  from  ethereal  solution, 
gave  on  analysis  : 

found,  K- 14  7. 

QjUfi^BrlL  requires  K  » 14  4  per  cent 
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Paioidum  Salts  of  5-i9fvmo-8-iBttot>-o-erMo/. 

In  this  case,  the  red  isomeride  is  the  more  stable  and  is  produced 
whea  potassium  ethoxide  ifi  added  to  the  ethereal  solution  of  the 
phenol.  On  recrystalUsatiou  from  water,  the  colour  remained  un- 
changed.   On  aoalyids : 

Found,  K  «  U*6. 

GyHjOgNBrK  requires  K>>  14*4  per  cent. 

The  yellow  variety  is  very  unstable,  but  may  be  obtained  by  the 
oantloua  addition  of  mora  dilute  potassium  ethozide  (^15)  with  con- 
tinuous shaking.  Care  must  be  taken  to  avoid  excess  of  alkali,  as 
this  causes  immediate  conversion.  When  washed  with  ether  on  the 
filter,  the  yellow  isomeride  generally  changes  rapidly  into  the  red 
variety.    A  small  quantity  was  obtained  for  analysis. 

Found,  K.«I3  9. 

QfUfiJ^BrK  requires  K."*  14*4  per  cent. 


The  MwufbrmMguaiacoli, 

None  of  the  monobromo-derivatives  of  guaiacol  have  been  described. 
As  in  the  case  of  o-cresol,  the  sole  product  of  bromination  h  the  para- 
compound,  but  it  was  found  possible  to  obtain  the  ortho-derivative  by 
the  decomposition  of  the  corresponding  carboxylic  acid  in  a  manner 
similar  to  that  used  for  the  preparation  of  B-bromo-o-cresoL 

« 

MeO 

On  brominating  guaiacol  in  acetic  acid  in  the  presence  of  sodium 
acetate  by  the  slow  addition  of  a  30  per  cent,  solution  of  bromine  at 
0^,  the  pKMluct  was  obtained  as  an  oil  on  pouring  the  solution  into 
water.  The  oil  was  dissolved  in  ether,  and  the  ethereal  sdution  was 
washed  several  times  with  water  and  dried.  After  the  removal  of 
the  ether,  the  compound  was  purified  by  distillation  under  diminished 
pressure.  The  j9-bromoguaiacol  distilled  at  180 — 182760  mm.  as  an 
oil,  which  did  not  crystallise  in  a  freezing  mixture  of  ice  and  salt : 

0-2022  gave  0  1888  A-Jir.    Br  =  39-7. 

CyH^OgBr  requires  Br~o'J  i  per  cent. 

The  constitution  of  this  compound  was  proved  by  the  fact  that  it 
yielded  the  same  4-bromo-6-uitroguaiacol  (m.  p.  120°)  as  that  obtained 
by  Meldola  and  8treatfeild  (Trans.,  73,  689)  by  the  bromina- 

tion of  o-nitroguaiacol. 
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MeO 
Br 

The  oalculftted  quantity  of  a  30  per  oeni.  eolutton  of  bromine  in 
aoetio  acid  was  added  slowly  to  vanillio  add  in  the  same  eolventi  in 
whieh  was  elao  contained  slightly  more  than  the  theoretioal  anurantof 
Bodiom  acetate  to  combine  with  the  liberated  hydrogen  bromide, 
in  order  to  prevent  the  poistbility  of  hydrolyBts  of  the  methoxyl 
group.  Doring  the  oonrae  of  the  reaction,  aodium  bromide  separ- 
ated, which  was  dissolved  by  the  addition  of  water,  and  then  the 
solution  was  evaporated  slowly  to  about  one- third  of  its  volume.  On 
cooling,  2-bi-omovanillic  acid  soparatevi,  and  was  puritied  by  recrystal- 
lination  from  alcohol.  It  melts  at  221°.  The  yield  was  80  per  cent, 
of  the  theoretical  : 

0-1440  gave  0  1088  AgBr.    Br  =  32-2. 

CgHyO^Br  requires  Br   32'4  per  cent. 


MeO 

o-Bnmogvaiaeol,  H0<^  \ 

Br 

This  compound  was  prepared  by  the  method  described  in  the  case  of 
3-bromo-o-cresol.  The  product  of  the  distillation  of  bromovanillic 
acid  with  lime  was  a  solid,  which  after  three  eiyetalliflations  from 
methyl  alcohol  melted  at  : 

0*1070  gave  0*0986  AgBr.   Br  »  39*3. 

OfH^O^Br requires  Bra 39*4  percent. 


MeO_ 

6-irfvmo-44ttlrv9waMco<,  HO<^J>NO,. 

The  compound  obtained  by  the  nitration  of  c-bromoguaiacol|  whan 
recrystalliaed  from  alcohol,  melted  at  148°  : 

0*1092  gave  0*0822  AgBr.   Br = 32*0. 

OfH^O^Br  requires  Br -32*2  per  cent. 

Meldola  and  Streatleild  (Ute,  eit.)  prepared  this  compound  by  the 
bromioation  of  p-nitrogua!acol,  and  described  it  as  melting  at  142^. 
The  differences  in  melting  point  may  be  possibly  due  to  the  fact  that 
these  observers  orystailii>ed  their  preparation  from  water. 
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PakuHim  Salts  of  ihs  BromoniiroguenaeoU, 

In  both  cases,  the  red  varieties  tend  to  be  the  more  stable. 

A-Bromo-Q-nitroguaiacol. — Even  by  the  most  cautious  addition  of 
dilute  potassium  ethoxide  to  the  ethereal  solution  of  the  phenol,  it  was 
impossible  even  to  obtain  indications  of  the  formation  of  the  yellow 
variety.  The  product  always  appeared  to  be  of  the  nature  of  a 
mixed  salt,  which  varied  in  colour  between  a  reddish-orange  and  an 
oi'ange-red. 

^£r<MO-^Urogwnaeol» — When  precipitated  from  the  ethereal 
solution,  the  potasrium  salt  was  yellow : 

Found,  K«1S*7. 

C^n.O^NBrK  nM|mr6sK«13*6  per  oent. 

This  form  changed,  iu  time,  into  the  red  isomeride  : 

Foond,  £=13  4. 

a7H504NBrK  requires  K«  13*6  per  oent. 

6-Bromo-4-nitroguaiaeol  Is  thus  oompletely  analogous  to  the  corre- 
sponding o-cresol  derivative. 

2'Bramoihiifmol  and  BromoniUroAifmol, 

As  thymotic  acid  is  extremely  difficult  to  obtain,  it  was  found 
advisable  to  follow  the  method  of  Glaus  and  Krause  (J.  jyr.  Ghem.y 
1801,  [ii],  43,  3-17),  and  to  prepare  2-broniothymol  by  decomposing 
2-bromothymol-6-8ulphonic  acid  with  hydrochloric  acid  in  a  sealed 
tube.  In  ordor  to  contirm  its  constitution  as  in  the  case  of  the  ortho- 
phenols  already  described,  it  was  nitrated  and  the  same  bromonitro- 
thymol  (m.  p.  109°)  resulted  as  that  obtained  by  Kehrmann  (AnnaUn^ 
1899,  310y  108)  by  the  bromination  of  6-nitro thymol.  However,  a 
difficulty  presents  itself,  as  Maszara  (GazzeUa,  1888,  18,  519)  showed 
that  the  same  compound  was  formed  when  6-bromothymol  was  nitrated. 
In  order  to  throw  light  on  this  apparent  disciepanoy,  bromonitrothymol 
was  prepared  by  the  following  methods : 

(1)  Nitration  of  6-bromotliymol  (a)  with  nitric  acid,  (6)  with  nitrous 
add;  (2)  bromination  of  2-nitrothymol * ;  (3)  the  action  of  nitrous 

•  2-Nitrothymol  has  not  yet  been  desi  iiUed.  A  20  pir  cent,  solution  of  the 
calcidated  quantity  of  uitric  acid  in  acetic  acid  is  dropped  slowly  into  a  well-cooled 
solaUon  of  thymul  in  the  same  solvcut.  After  tweuty-foar  hoars,  excess  of  vater 
u  added,  and  the  aepented  oil  subjected  to  a  steam  distillatioii.  The  later  ftaotions 
are  crystsUineandcoDsist  of  pare  2-nUroth}fmol^  meltiagat  119%  when  recry^t  allised 
from  water  or  alcohol.  From  tlie  residue,  6-nitndliyniol  (m.  p.  MO')  was  obtained 
by  uxtraclion  with  boiliiij,'  water  ;  tliis  melted  al  the  ^ame  temperatnie  as  the 
product  obtaiued  by  iiekruuum  by  the  oxidation  oi  uitiosothyuol.  . 
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acid  on  2  : 6-dibromothymol  (Dabmer,  Aniudeii,  1904,  333,  346);  (4) 
bromi  nation  <iC  6-iutrotiliymol ;  (6)  niUntton  of  2-broiiiotbytnol. 

In  all  oeoH,  however,  the  same  bromooitrothymol  was  obtained,  a» 
IB  proved  by  the  following  consideratioDs :  (i)  The  melting  point  is 
always  109^  and  remains  unaltered  on  mixing  different  preparations, 
(ii)  The  orystalline  form  is  identical,  although  the  habit  changes 
slightly,  (iii)  The  same  pale  yellow  potassium  salt  is  always  obtained 
on  precipitating  the  ethereal  eolation  with  potassium  ethoaddck  (!▼) 
When  xeduoed  with  tin  and  hydroehlorio  add,  oxidised  with  ferric 
cUotide,  and  distilled  with  steam,  the  same  bromothymoquinone 
(m.  p.  48°)  results  in  all  cases. 

The  formation  of  this  bromothymoqainone,  and  also  the  fact  that 
Kehrmann  (loe.  eit,)  showed  that  its  ozime  yielded  the  original  bromo- 
nitrothymol  (m.  p.  109°)  on  mild  oxidation,  iodicate  that  the  compound 

NO, 

must  be  2-bromo-6-nitrothymol,  Me<(^^    ^^O^Hj,   But,  aooordiog  to  no 

Br  OH 

less  than  three  distinct  methods  of  preparation  (I,  2,  3  aboTo),  the 
compound  shonld  be  the  6-bromo-2-nitroHlerivatiTe.  From  these  results, 
it  appears  possible  to  draw  only  one  conclusion,  namely,  that*6-bromo- 
2-nitrothymol  is  extremely  unstable,  and  that  immediately  on  its 
formation  it  is  converted  by  a  most  unusual  intramolecular  change 
into  the  isomeric  2-bromo-6-iiitrothymoL 

In  conclusion,  the  author  would  express  his  indebtedness  to  Mr. 

D.  H.  Nage],  Trinity  College,  and  Mr.  H.  B.  Hartley.  Balliol  College, 
for  the  kind  interest  they  have  taken  in  the  above  work. 

BaLUOL  A^J>  TkINITY  CoLLKG£  LABOKAroiilTi 
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LXXII. — The  Oijtical  Activity  of  Coinpoiuids  Jiaving 

K>iniple  Molecular  Structure, 

By  William  Jaokson  Pops  and  John  Riad. 

It  has  been  suggoislod  tluiL  optical  activity  does  not  necessarily  result 
from  the  presence  of  au  asymmetric  carbon  atom  in  a  molecular  com- 
plex unless  other  carbon  atoms  are  attached  to  the  asymmetric  centre 
(van't  Huif-Eiloai  t,  ArrangemerU  o/  Atom  in  Space ^  1898,  25) ;  up  to 
the  preeent,  however,  very  little  experimental  evidence  bearing  on  the 
question  has  been  put  forward  (Werner,  S^vmchmU,  1UU4^,  22).  The 
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only  work  on  the  resolution  of  externally  compensated  substances  of 
very  simple  molecular  constitution  which  has  been  di^scribed  appears 
to  be  that  of  Swarts  on  fluorochlorobromoacetic  aoid,  CFClBr'COjH 
{Bull  Acad,  roy,  Selff.,  1896,  [iii],  31,  28) ;  this  acid  contains  two 
carbon  atoms  in  the  molecule^  and  on  crystallisation  with  strychnine 
or  eincfaonine  yields  two  isomeric  salts  of  different  specific  rotatory 
power.  After  separating  the  alkaloid  from  the  salts,  eolations 
exhibiting  optical  activity  were  obtained,  bnt  the  optical  activity 
was  of  a  f  ngitive  character  and  could  not  be  exactly  measured. 

The  question  of  what  degree  of  molecular  complexity  is  requisite  in 
order  that  the  presence  of  an  asymmetric  carbon  atom  can  give  rise  to 
optical  activity,  obviously  possesses  considerable  importance  in 
connexion  with  stereochemistry.  For  the  purpose  of  collecting  further 
data  on  the  subject,  we  have  prepared  the  chlorosulphoaoetic  acid  and 
the  chlorobromomethanetnlphonic  acid  of  Andreasch  (ifoiuit«A.,  1887, 
7,  159),  and  endeavoured  to  resolve  them  into  their  optically  active 
components ;  both  these  acids  contain  an  asymmetric  carbon  atom, 
and  are  of  very  simple  molecular  constitution,  the  former  containing 
two  and  the  latter  but  one  carbon  atom  in  the  molecule.  Our  attempts 
to  resolve  these  acids  have  been  unsuccessful,  but  it  seems  desirable 
that  they  should  be  described,  because,  if  similar  negative  results 
regularly  attend  such  attempts,  an  indication  will  be  obtained  that  the 
presence  of  an  asymmetric  carbon  atom  in  a  substance  is  not  alone 
sufficient  to  give  rise  to  optical  activity. 

CMorondi^Utaetiic  Acid,  CH01(SO,H)*GO,H. 

The  pure  barium  salt  of  chlorosulphoacetic  acid,  prepared  as 
described  by  Andreasch,  was  converted  into  the  acid  by  exact  precipi- 
tation with  sulphuric  acid  ;  the  filtered  solution  was  concentrated,  and 
the  equivalent  amount  of  powdered  strychnine  dissolved  in  it  by  the 
aid  of  lieat.  On  cooling,  the  normal  strycimim  salt  separated  in 
colourless,  glistening  needles ;  the  mother  liquors,,  when  concentrated, 
deposited  a  further  quantity  of  the  same  material,  and  no  other  salt 
could  be  obtained  from  the  solution.  The  salt  was  crystallised 
several  times  from  hot  water,  and  showed  a  constant  rotatory  power 
in  dilute  aqueous  solution ;  it  is  sparingly  soluble  in  cold  water  or 
acetone,  but  dissolves  readily  in  alcohol  or  hot  water,  and  is  practically 
insdttble  in  other  organic  solvents : 

1-4079  lost  0*0313  H,0  at  llO*".  H,0-2*22. 

O^^H^^Oj^N^ClS.HgO  requires  H,O-2*09  per  cent. 

0-0968,  dried  at  110<>,gave  0*2222  00,  and  0  0506  Ufi,  a»62  60  ; 
H  =  6-85. 

C^^H^^O^^CIS  requires  U - 62-63  j  H-5  62  per  cent. 
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The  crysfc&lliDe  salt  tiierefore  has  the  compositioii 

2C2iH220,N,,CHCI(SO^U)-C02H,H,0. 
Its  rotatory  power  was  determined  iu  aqueoub  Bolution  with  the 

following  results : 

0*1343  gram,  made  up  to  20  c.c.  with  water,  gave  a„  -0*33^  in  a 
2-dcm.  tube  ;  whence  [a]i>  -  24  6^  and  [M]„  -  103  6^. 

0*2026  gi'Aui,  made  up  to  20  c.c.  with  water,  gave  a^,  -O'bQ"*  in  a 
2-dcm.  tube;  whence  [a  ]u  -  24-7^  and  ^MJo  -104*1° 

On  dissolving  the  »alt  (0*5  gram)  in  water,  precipitating  the  baee  by 
addition  of  a  alight  excess  of  ammoniai  making  up  the  filtrate  to 
20  ce.  with  water,  and  examining  the  aolntion  in  a  8-dom.  tvbe,  it 
proved  to  be  optically  inacdve.  It  appears  therefore  that  the  acid  is 
contained  in  the  normal  strychnine  salt  in  an  optically  inactive  form, 
and  that,  if  the  acid  is  resolvable  into  enantiomorphously  related  com- 
ponents^ the  salt  is  a  partially  raoemic  one. 

The  tkycknine  hydrogm  salt  was  prepared  in  the  same  way  as  the 
normal  one,  bnt  using  half  the  previous  proportion  of  strychnine. 
The  acid  salt  separated  in  light,  feathery,  colonriess  crystals,  and  was 
recry stall ised  from  hot  dilute  acetone  ;  it  ib  much  more  soluble  in 
water  than  tho  normal  salt,  and  dissolves  readily  in  alcohol,  but  io 
practically  inboluble  in  oth(  r  or^'anic  .solvents  : 
.  0-6257  lost  0  0*207        at  1  lo  .  H.,0-3-31. 

C.^3H.^jO;N2ClS,U.^U  requires  H.,0  =  3-42  pur  o-nl. 

0-1065,  dried  at  110'',  gave  0*2107  00^  and  0  0499  U^O.  C»53-96; 
H  =  5*24. 

0„H|s07N,0m  requires  C  »  54*24 ;  H  -  4*95  per  cent. 

The  strychnine  hydrogen  salt  thus  has  the  composition 
02iH|sOjN,,CH01(SOgH)«00,H,HsO. 
Its  rotatory  power  was  determined  in  aqueous  solution  with  the 
following  results : 

0*1474  gram,  made  up  to  20  c.c.  with  water,  gave  ui,  -0'34^  iu  a 
2-dcm.  tube;  whence  [a],,  -23*Pand[M]„  -117-4^ 

0  1630  gram,  made  \\\>  lo  20  c.c.  with  water,  gave  a^^  -  0"36"*  in  iv 
2-dcm.  tube  ,  whence  [a]o  -  23  o'  and  [  M  ]„  -  llS  b^. 

On  dissolving  0*5  gram  of  the  salt  iu  water  ainl  precipitating  the 
base  with  ammonia  as  before,  a  solution  wab  obtained  which  exhibited 
no  optical  activity  in  a  2-dcm.  tube,  it  is  therefore  concluded  that 
the  strychnine  hydrogen  salt,  like  the  normal  one,  contains  the  acid 
in  an  optically  inactive  form. 

Salts  of  chlorosulphoacetic  acid  were  also  prepared  with  quinine, 
quinidine,  and  ctnchonine ;  these,  however,  could  not  be  obtained  an  a 
crystalline  state,  and  consequently  furnished  no  evidence  bearing  on 
the  possibility  of  resolving  the  add  into  optically  active  component!. 
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This  substance,  coutainiug  only  one  carbou  atom  in  llio  molecule,  is 
apparently  the  simplest  molecular  complex  containing  an  asymmetric 
cai'bon  atom  of  which  the  resolution  has  been  attempted.  The 
optically  inactive  acid  was  prepared  by  the  method  given  by  Audreasch 
in  the  form  of  its  barium  salt,  and  a  solution  of  the  free  acid 
was  obtained  as  before  by  exactly  precipitatiog  the  metal  with 
sulphuric  acid. 

Chlorobromomethanesulphooic  acid,  when  treated  with  strychnine, 
yields  only  the  basic  salt ;  oo  treating  the  hot  aqueous  solution  of  the 
aeid  with  the  requisite  amount  of  stryobnine,  the  base  is  readily  dis- 
solved^  and,oncooliDg,  the  salt,  SC^xHggOjK^iCHOlBr'SOgH,  separates 
in  small,  oolourless,  glistening  needles.  After  purification  by  several 
recrystallisations  from  hot  water,  the  salt  was  analysed ;  it.  does  not 
lose  in  weight  by  heating  at  llO*' : 

0-0954  gave  0-20:38  CO.  and  0  0474  HXX    0-58  20  ;  11-5-56. 
C^gU^O^N^OlBrb  requires      68*77 ;  H»5  28  per  cent. 

The  following  determinations  of  the  rotatory  power  may  be 
quoted : 

0'1017  gram,  made  up  to  20  c.c.  with  water,  gave  oi,  -0  25''  in  a 
2dcm.  tube;  whence  [a]u  -  24-7^  and  [M]y  -107-9''. 

0*1007  gram,  made  up  to  20  c.c.  with  water,  gave  a„  -  0  25"  in  a 
2-dcm.  tube;  whence  [a ]i»  -24*8'' and  [Atljo  -  108'd''. 

On  dissolving  0  5  gram  of  the  salt  in  water,  precipitating  with 
ammonia  as  before,  and  examining  in  a  2-dcm.  tube,  the  solution  of 
ammonium  cblorobromomethanesulphonate  showed  no  appreciable 
opticiil  activity.  The  acid  was  therefore  not  resolved  into  enantio- 
morphously  related  com£K)nents  by  means  of  its  crystiilliue,  biu^ic 
strychnine  salt. 

On  evaporating  an  aqueous  solution  of  chlorobronioiiiotbaiiu.sulphonic* 
iicid  with  (juinidine,  a  resinous  nvx^.-  obtaintHl,  which  separates  in  a 
crystalline  form  after  solution  in  hot  iKjueuus  acetone  ;  the  salt 
deposited  from  the  latter  solution  is  sparingly  soluble  in  cold  waler, 
acetone,  or  alcohol,  but  dissolves  freely  in  the  hot  solvents.  After 
several  crystallisations  from  hot  water,  the  qtiinidim  salt, 

CjoHjANyCHClBr-SOaH, 
is  obtained  in  long,  coloitrless  needles,  which  do  not  lose  in  weight 
at  IWi 

0-0964  gave  0-1669  COj  and  0-0445  H^O.    U  =  47  22  ;  H  -  5-17. 
C^jjHggOjNjClBrS  requires  C- 47-21 ;  H-4-9I  percent. 

a  U  2 
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I'he  following  determinatious  of  rotatory  power  were  made  : 

0*0951  gram,  made  up  to  20  ce.  with  water,  gave  aj,  + 1*41°  in  a 
2-dem.  ttibe;  whence  [«],»  + 148*3^ and  [M],>  +701*'. 

0*1005  gram,  made  up  to  20  ce.  with  water,  gave  ai»  + 1*47^  in  a 
2^cm.  tube;  whence  [a]t,  +146*3° and  [M]o  +781° 

On  separating  the  b;i.-o  as  beforo  from  0'5  gram  of  Uio  i>aU,  makiug 
Ibe  solution  up  to  '2(J  c.c,  and  examining  in  a  2-dcm.  tube,  no  appreci- 
able optical  activity  wa^  observed.  The  acid  is  thus  apparently  not 
resolvable  by  the  aid  of  the  crystalline  quinidiue  salt.  The  quinine  and 
cinchonine  salts  of  chlorobroDiomethanesulphonic  acid  were  also  pre- 
pared, but*could  not  \)c  obtaiuod  in  tlie  crystalline  state. 

If  it  should  ultimately  prove  that  chlorobromosulphoacetic  acid 
and  chlorobromometbaneealphooic  acid  can  be  obtained  iu  onantio- 
morphously  related  isomeridee  exhibiting  optical  activity,  it  will  atill 
be  iemarkable  that  they  can  yield  so  large  a  number  of  salts  with 
optically  active  bases,  as  are  described  above,  whilst  still  retaining 
their  optically  inactife  or  externally  oompeneated  form.  The  further 
investigation  of  the  subject  is  in  progress. 

MUNICU'Ah  StliUOL  UF  TkOUKOLuUY, 

ViOXOBtA  Uxf IVBUSITT  OT  ICAVCUltlfTSa. 


LXXIII. — ITie  Aciim  of  PoUmium  Sulphite  m 
Potassium  Tetmthionate  in  Aqueous  SohUion* 

By  A&THua  Oolkfax,  M.A.,  Hatrister-at-Law. 

t  RAVB  pmiously  shown  (Trans.,  1892,  61, 181, 1083)  that  iodine 
does  not  act  on  a  mixture  of  a  sulphite  and  thiosolphate  in  aqueous 

Bolutiuii  to  form  a  trithionate  directly,  but  oxidises  the  sulphite  to 
•sulphate  and  converts  the  thiosulphato  iuto  tetrathionate.  When, 
however,  the  iodine  is  insufficient  iu  quantity  to  oxidise  all  the 
sulphite  to  sulphate  and  convert  all  the  thiosulphate  into  tetm- 
thionate. Spring  {Bull.  Acad.  roy.  Belg.,  1874,  [ii],  38,  112)  has  shown 
that,  in  the  case  of  the  potassium  salts,  potassium  trithionate  id 
formed.  The  formation  of  a  trithionate  in  such  circumstances  may 
be  due  to  some  of  the  unozidised  sulphite  abstracting  sulphur  from 
the  tetrathionate  in  aooordancs  with  the  equation : 

K28O3  +  K,S,0,  =  K^S.Og  +  K^gO,. 

1  have  eiideavoui^d  in  the  present  investigation  to  ascertain  how 
far  this  equation  i-epresents  the  truth. 
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In  pravioiu  inveBtigaUoiiB  in  whi«li  a  sulphite  was  eifthsr  a  membar 
of  tha  initial  system  or  a  product  of  the  change,  I  made  use  of  the 
joint  estimation  of  the  total  iodine  titration-valae  and  of  the  acidity 
developed  in  the  solution  after  such  titration  wan  complete  in 
determining  how  much  of  the  iodine  titration-value  was  represented 
by  the  sulphite  present,  and  1  have  again  employed  this  method. 

Freparaixon  qf  PoUuaium  I'riihionate,  'fetrcUhionaU,  and  Fmiatfiionaie. 

Potasdnm  trithionate  was  prepared  according  to  the  method 
described  by  Plessy  {Ann,  Ckim.  Phy.,  1844,  [iii],  11, 182).  Thesalt, 
twice  crystallised  from  aqaeoos  alcohol,  gave  on  ignition  a  quantity  of 
potassium  sulphate  which  was  64*30  per  cent,  of  the  weight  of  the 
trithionate  instead  of  the  theoretical  64*44  per  cent.  The  aqueous 
solution  of  the  salt  was  quite  neutral,  gave  no  precipitate  with  barium 
chloride,  and  occasioned  no  darkening  in  an  ammoniacal  solution  of 
silver  nitrate. 

Potassium  tetrathionate  was  prepared  according  to  the  method 

described  by  Kessler  {Pogg.  i47i7>.,1848,  74, 249).  The  salt,  twice  crystal- 
li8©<l  from  aqueous  alcohol,  gave  on  ignition  a  quantity  of  potassium 
sulphate  which  was  57 '66  per  cent,  of  the  weight  of  tlic  tetrathionate 
instead  of  57*61  per  cent.,  the  theoretical  quantity.  The  aqueous  polu- 
tion  of  the  salt  was  neutral,  and  gave  no  indication  of  the  presence  of 
sulphate  or  pentathionate. 

Potassium  pentathionate  :  in  the  preparation  of  this  salt  according 
to  the  method  described  by  Debus  (Trans  ,  18SS,  53,  278),  it  was  found 
quite  possible  to  distingiiisli  "six-sided  prisms  with  pyramids  only  at 
one  end  "  (tetrathionate)  from  "four-sided  rhombic  or  six-sided  star* 
like  plates  "  (pentathionate). 

At  the  outset  it  was  established  that,  with  aqueous  solutions  of  con- 
centrations corresponding  with  those  employed  in  the  course  of  this 
research,  (a)  iodine  has  no  appreciable  immediate  aiHion  on  potassium 
trithionate,  tetrathionate,  or  pentathionate,  or  on  any  two  or  all  three 
of  these  salts,  and  (b)  {>otassium  sulphite  and  tliio.sulphate  respectively 
preserve  their  iodine  titration-values  when  mixed  with  potassium 
trithionate,  tetrathionate,  or  pentathionate,  or  with  any  two  or  all  three 
of  these  salts,  provided  that  the  titt ation  is  made  within  a  lew  minutes 
of  mixing. 

With  the  view  of  ascertaining  whether  either  potassium  sulphite  or 
thiosulphate  has  any  action  on  potassium  trithionate  in  aqueous  solu- 
tion, four  portions  of  100  c.c.  of  boiled  distilled  water  saturated  with 
wbon  dioiude  w«re  tal^ei^,   li^  each  of  the  first  three  of  t)isse,  0*2? 
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gram  of  potassium  trithiouate  was  di^sotveil,  and  to  the  second  and 
third  a  quantity  of  potassium  sulphite  and  thiosulphate  was  respec- 
tively added,  so  that  the  proportion  of  sulphite  to  trithionate  was 
2X^80,5  :K,S,(),.,  and  of  thiosulphate  to  trithionate,  SK.K.O., ;  K.S^O,,. 
The  fourth  portion  contained  the  ^me  quantity  of  potassium  thio- 
sulphate as  the  third,  hut  no  trithionate.  £aoh  flask  containing  these 
solutions  was  fitted  with  an  indiarabber  stopper,  thxoagh  which  passed 
two  glass  tabes,  one  serving  as  entrance  tube  for  a  oontiDaoiisly 
passing  stream  of  carbon  dioxide,  and  the  second,  which  served  as  exit 
tube,  being  connected  with  a  second  flask  similarly  fitted  and  containing 
100  c.c.  of  boiled  distilled  water  saturated  with  carbon  dioxide  to 
which  a  small  quantity  of  filtered  starch  solution  and  a  drop  of  the 
iodine  titrating  solution  were  added. 

The  determination  after  the  lapse  of  twenty-four  hours  of  the  iodine 
titratiou'values  showed  th^t  the  thiosulphate  and  trithionate  had 
reacted  to  an  extent  just  appreciable,  but  that  the  sulphite  and  tri- 
thionate  had  not  reacted  at  all.  The  experiment  also  established 
that  neither  the  trithionate  nor  the  thiosulphate  solution  had  under* 
gone  any  change  within  the  twenty-four  hours.  After  seventy-two 
liourp,  the  reaction  between  the  thiosulphate  and  trithionate 
propresseil  further,  and  represented,  after  making  an  allowance  for 
the  almost  negligible  decomposition  of  the  trithionate  solution  in  this 
period  of  tiuie,  a  conversion  of  about  4  per  cent,  of  the  thiosulphate 
present  into  sulphite. 

An  exactly  similar  experiment  was  carried  out  with  the  view  of 
ascoitaiiiiug  whether,  if  tetrathionatv  :iiul  tliiosulphate  are  present 
together  in  aqueous  solution  in  the  proportion  K.,y^O^ :  2KjSoOj^,  any 
formation  of  sulphite  could  be  detected.  Even  after  seventy-two 
hours,  no  alteration  in  the  iodine  titration-value  of  such  mixed  solution, 
and  no  decomposition  of  the  control  solutions  of  tetrathionate  and 
thiosulphate  respectively,  could  be  detected. 

In  ascertaining  by  means  of  the  iodine  titration,  in  conjunction  with 
the  developed  .acidity  determination,  the  nature  and  extent  of  the 
change  which  the  sulphite  undergoes,  it  must  be  noticed  that  in  no 
case  is  the  iodine  titration  more  than  a  record  of  the  quantity  of 
converted  and  unconverted  sulphite  in  the  solution  at  any  particular 
moment ;  it  is  not  a  record  of  the  total  change  the  sulphite  may  have 
undergone.  Further,  before  we  should  be  justified  in  deducing  from 
a  knowledge  of  the  nature  and  extent  of  the  change  the  sulphite  has 
ttn4lergone,  the  nature  and  extent  of  the  change  the  tetrathionate 
has  undergone,  we  must  a?jcertain  whether  any,  and,  if  so.  what, 
secondary  changes  are  possible  and  whether  they  actually  occur.  If 
potassium  sul[)}iite  and  tetrathionate  react  in  .aqueous  solution, 
tl)e.  cUau^ei>  which  should  be  possible  woi|ld  seeo^  to  be :  (a)  tl)9 
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diVect  change,  K.jSOj  +  K^S^O^.  =  K.,S._>Og  +  K.^Sj,0,,  ;  (b)  re-formation  of 
the  original  syt^ttnn  it"  the  change  is  reversible  ;  (c)  reaction  between 
unchimgod  tetrathionate  and  potassium  thiosulphate,  which  change 
may  also  be  reversible,  KjS^Ort  +  KgSoO^  =  Kj^S^O^,  +  KgSO,. 

The  determination  of  the  icMline  titration- value  with  the  view  of 
estimating  the  extent  of  the  converoion  of  snlphite  into  thiosulphate 
would  give  no  indication  of  this  secondary  change  of  tetrathionate 
into  pent%thionate,  supposing  it  to  occur ;  bat  such  seeondary  change 
is  at  the  expense  of  tetrathionate,  and  consequently  we  must  ascertain 
whether  it  oocara,  and  to  what  extent,  before  we  can  deduce  the  natore 
and  extent  of  the  change  the  tetrathionate  nndergoetf  from  a  know- 
ledge of  the  natare  and  extent  of  the  change  the  sulphite  suffers. 

With  the  view  of  ascertaining  whether  this  formation  of  pentathiooate 
actually  occurs  when  potassium  sulphite  and  tetrathionate  react  in 
aqueous  solution,  and,  if  so,  to  what  extent,  the  reaction  of  potassium 
pentathionate  with  an  ammoniaoal  solution  of  silver  nitrate  was 
examined  in  the  hope  that  it  might  possibly  form  an  approximate 
quantitative  method  of  estimatiDg  pentathionates. 

The  ammoniacal  solution  of  silver  nitrate  was  prepared  by  dis- 
solving 2  grams  of  the  crystallised  salt  and  50  c.c.  of  concentrated 
aq'ieous  ammonia  solution  in  200  c.c.  of  water.  The  strongest 
solution  of  potassium  pentathionate  contained  0*361  gram  di.s>olved 
in  100  c.c.  Into  a  number  of  test-tubes  of  approximately  the  same 
diameter,  portions  of  10  c.c.  each  of  the  ammoniacal  silver  nitrate 
solution  and  an  equal  volume  of  the  solution  of  pentathionate  were 
run.  The  time^  were  recorded  which  elapsed  before  coloration  was 
first  detectril)le,  and,  in  the  case  of  stronger  solutions  of  pentathionate, 
the  times  were  also  recorded  which  elapsed  before  the  coloration 
equalled  that  of  an  unchangeable  standard.  In  this  manner,  the  effect 
of  (a)  diminishing  the  concentration  of  the  pentathionate  solution, 
and  (6)  the  presence  of  other  substances  in  solution,  was  investigated. 

(a)  The  effect  of  diminishing  the  concentration  of  the  pentathionate 
solution  is  shown  from  the  tabular  statement  on  p.  802  of  the  results 
obtained. 

(6)  The  effect  of  the  presence  of  other  substances  in  solution  was 
investigated  with  the  following  results. 

Using  a  solution  of  pentathionate  twenty  times  as  dilute  as  the 
strongest  used  in  determining  the  effect  of  dilution,  potassium  thio- 
sulphate, Crithionate,  or  tetrathionate,  when  present  in  equimoleeular 
quantities  relatively  to  the  pentathionate,  did  not  diminish  the 
rapidity  with  which  the  daricemng  with  ammoniacal  silver  nitrate 
occurred  in  their  absence.  Potassium  sulphite,  on  the  other  hand,  not 
only  diminished  the  rapidity,  but  also  the  extent  of  coloration.  Using 
the  twenty  times  diluted  pentathionate  solution,  potassium  sulphite 
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when  present  in  quantities  twice  the  equivalent,  the  equivalent,  and 
l/5th  the  equivalent  proportion  of  the  pentathionate  present,  retarded 
the  firHt  appearance  of  eolour  thirty  minutes,  twenty  minutesy  Md  m 
frHctioD  of  a  minute  rei>pectively«  £ven  after  twenty-four  hours  the 
coioratiou  in  the  two  firnt  oa8t*8  was  still  extremely  faint*  and  in  the 
third  case  was  unqnestionahly  less  intense  than  in  the  experinent 
where  no  sulphite  had  been  present.  It  wa^  further  found  that  the 
addition  of  potassium  sulphite  to  a  solution  of  ammonlsical  sil?er 
nitrate  and  pentathionate,  in  whioh  the  darkening  was  prooeeding, 
arrested  the  same.  With  the  ezoeption  of  the  latter  experiment^  in 
every  ease  the  method  of  performing  the  test  was  to  run  into  the  test- 
tubes  the  ammoniseal  silver  nitrate  solution,  then  the  solution  of  the 
substance  the  effect  of  whieh  was  to  be  determined,  and,  lastly,  the 
pentathionate  solution. 

The  experimental  investigation  of  the  reaction  of  potassium  thio- 
sulphate  with  potassium  trithionate  and  tetrathionate  was  repeated, 
and  the  ammoniacal  silver  nitrate  test  applied  to  the  product  of  such 
reaction.  The  flasks  previously  used  were  again  employed,  and  con- 
tained ( I )  a  fiolutioiiof  potasi*iuLu  tetiaLhionate  and  thiosulphate  ;  (2)  a 
solution  of  potassium  trithionate  and  thiosulphate;  (3)  a  solution  of 
potHssiuiu  tetrathionate  and  thiosulphate,  and  (4)  a  solution  of  potass- 
ium trithionate  and  thiosulphate.  The  quantity  of  the  thiosulphato 
was  twice  the  equimoleciilar  proportion  of  the  trithionate  or  tetra- 
thionate present.  The  solutiocs  contained  in  (1)  and  (2)  were  made 
with  boiled  water  saturated  with  carbon  dioxide,  and  those  in  (3)  and 
(4)  with  ordinary  distilled  water.  Through  (1)  and  (2)  a  stream  of 
carbon  dioxide  passed  continuously,  and  through  (S)  and  (4)  a  current 
of  air  was  drawn  for  the  first  and  last  two  of  the  twentj*fonr 
hours. 

Th9  determination  of  tl^  iodine  titration-v^ue  at  the  ei^d  of  twenty* 
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four  hoiu'6  of  portions  of  10  c.c.  of  the  contents  of  the  four  flasks 
showed : 

(a)  In  (I)  and  (3)  the  thiosulphate  remained  unchanged. 

(b)  In  (2)  some  3  per  cent,  of  the  thiosulphate  had  become  convei'ted 
into  sulphite,  and  the  sulphite  remained  as  Ruch  in  the  solution. 

(c)  In  (4)  some  of  the  thiosulphate  had  become  converted  into  sul- 
phite, and  the  sulpliite  had  boen  partly  oxidised. 

The  application  of  the  ammoniacal  silver  nitrate  teat  to  portions  of 
10  O.C.  of  the  contents  of  the  four  flasks  showed :  (a)  in  (1)  and  (3)  an 
immodiaie  and  considerable  pentathionate  indicatioD^  (6)  in  (2)  and 
(4)  an  extremely  faint  indication  of  pentathionate. 

Henoe,  from  theee  results,  potassium  tetrathionate  and  thiosulphate 
do  react  in  aqueone  solution  to  form  pentathionate  and  sulphite,  but 
the  latter  substanee  immediately  reaete  with  excess  of  tetrathionate  to 
form  tritiiionate  and  regenerate  thioeolphate.  Whether  the  whole  of 
the  tetrathionate  thus  becomes  converted  into  pentathionate  and  tri* 
thionateti  or  whether  the  change  between  thiosulphate  and  tetrathionate 
is  a  reversible  one,  the  above  experiment  does  not  provide  one  with 
the  means  of  deciding.  Oertainly  the  ammoniacal  silver  nitrate  test 
points  to  a  considerable  transformation  into  pentathionate. 

The  rapid  diminution  in  the  iodine  titration-value  of  a  mixed  solu- 
tion of  potassium  sulphite  and  pentathionate  shows  that  these  two 
salts  quickly  react  in  aqueous  solution.  When  potassium  sulphite 
r^cts  in  equivalent  proportions  with  pentathionate  in  aqueous  solution, 
the  solution  containing  0  361  gram  of  the  pentathionate  in  100  c.c, 
the  diminution  in  the  iodine  titration-value  of  the  Rohition  at  the  end 
of  fifteen,  thirty,  forty-five,  and  sixty  minutes  after  mixing  equalled 
43*4,  46*3,  47*1,  and  47 '3  per  cent,  respectively  of  the  initial  iodine 
titration-value. 

If  the  sulphite  abstracts  sulphur  from  the  pentathionate  and  thereby 
becomes  converted  into  thiosulphate,  the  diminution  in  the  iodine 
titration-value  if  the  reaction  completed  itself  would  equal  60  per 
cent. '  The  above  values  clearly  point  to  the  attainment  of  a  limit 
somewhere  in  the  neighbourhood  of  a  50  per  cent,  diminution, 
and  from  them  it  may  be  inferred  that  the  general  nature  of  the 
reaction  between  potassium  pentathionate  and  sulphite  is  that  the 
sulphite  abstracts  sulphur  from  the  pentathionate  and  itself  becomes 
converted  into  thicsulphate.  Debus  has  suggested  that  the  sulphite 
idien  reacting  with  the  pentathionate  decomposes  into 

3KOH  +  H2SO3 

(Trans.,  1888,  63,  383),  and  that  the  change  proceeds  according  to 
fjiMt  equation ; 

3£^0,  +  ^^iPt  +  3HsO  -  dK^^O,  -I*  SE^SO^. 
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If  the  reaction  proceeded  in  aooordance  with  this  eqaatton  and 
completed  itself,  the  iodine  tttratioo-value,  supposing  no  milphor 
dioxide  to  OBcape,  wonld,  instead  of  diminishing,  be  increased  hj 
fi3*S  per  cent.  Supposing  the  pentathionate  and  sulphite  to  have 
been  originally  present  in  equimolecular  proportions,  and  supposing 
the  excess  of  pentathionate  to  react  with  Kulphurous  acid  according 
to  the  equation  : 

2H,S0,  +  K  AO,  «  K       + 2H  A0„ 

th(»  incroM^e  in  the  iodine  titration-value,  if  the  latter  reaction 
completed  itself,  would  be  50  per  cent.  The  fact  that  in  place  of 
an  increase  in  the  iodine  titration-value  we  have  a  diminution 
approximating  to  00  per  cent,  shows  that  the  general  nature  of 
the  reaction  is  not  that  indicated  by  the  former  of  the  equations, 
l)ut  is  the  conversion  of  sulphite  into  bhiosulphate  and  consequent 
abstraction  of  sulphur  from  j>entatbionate. 

This  rapid  conversion  of  sulphite  into  thiosulphate  and  consequent 
abstraction  of  sulphur  from  pentathionate  affords,  T  think,  the 
explanation  of  the  inlluonce  of  potassium  sulphite  in  retarding  the 
velocity  and  in  diminishing  the  extent  of  the  coloration  when  the 
nmmoniacal  silver  nitrate  test  i.s  employed  in  the  presence  of  a 
pulphite.  Sulphur  is  rapidly  abstracted  from  the  pentathionate,  so 
that  the  solution  becomes  quickly  diluted  in  respect  of  the  penta- 
thionate contained  in  'it.  Of  the  two  other  explanations  which 
theoretically  might  be  possible,  the  one^  that  the  sulphite  preTonts 
the  decomposition  of  the  pentathionate,  is  shown  hy  the  above 
experiment  to  be  incorrect,  and  the  other,  that  the.  pentathionate  is 
decomposed  hy  the  ammoniacal  silver  nitrate  solution  and  the 
sulphite  itself  takes  up  the  separated  sulphur,  seems  improbable, 
for  sihrer  sulphide  is  an  insoluble  compound  which  would  he 
preferentially  formed. 

These  preliminary  experiments  establish  the  following  facts :  (1 ) 
Potassium  sulphite  and  trithionate  do  not  react  in'aqueous  solntion* 
(2)  Potassium  thiosulphate  and  trithionate  react  to  an  appreciable 
extent  to  form  sulphite  and  tetrathionate  and  the  merest  trace  of 
pentathionate.  (3)  Potassi\iin  tliiosulphate  and  tetrathionate  react  in 
aqueous  solution  to  form  pentatlnOuate,  the  resulting  sulphite  beincj 
immediately  reconverted  into  tliiosulphate.  (4)  Potassium  sulphite 
rapidly  ah^traots  sulphur  from  pentathionate  when  the  two  salts  react 
in  aqucouri  solution.  (5)  Solutions  of  potassium  trithionate  and  tetra- 
thionate containing  a  gram-molecular  weight  per  litre  are  stable  during 
twenty-four  liour<5.  Iodine  lias  no  immediate  action  on  nnv  or  all 
of  the  salts,  potassium  trithionate,  tetrathionnfe,  and  pentathionate. 
I^otassium  thiosulphate  and  sulphite  when  present  yrith  trithionate, 
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tetratliioiiatef  or  pentathionate,  or  a  mixturo  of  any  or  all  of  them, 
preserve  their  Iodine  -  titration-value,  provided  the  ^iosulphate- or 
snlphifefrhas  not  already  reacted  with  the  aqneons  solution  of  Aiifh 
salt  or  salts. 

« 

JtUnraciion  tn  Aquetnu  Solution  of  PoUkuium  Sulphite  and 

TetrathicnaU, 

The  aqueous  solution  of  the  sulphite  and  tetrathionate  was  con- 
tained in  a  tall  cylinder  of  the  capacity  of  260 — 300  c.c,  which 
was  closed  by  a  well-fitting  indiariibber  pork,  through  which  passed 
a  carbon  dioxide  entrance  tiibo  and  an  exit  tube  provided  with  a 
Btop-cock,  The  potassium  tetrathionate  was  dissolved  in  the 
cylinder  in  175  c.c.  of  oiled  water  previously  saturato<l  with  carbon 
dioxide,  the  quantity  of  the  salt  being  weighed  out  .separately  each 
time.  The  sulphite  solution  wa?  contained  in  small  glas*?  bulb.s  of 
ftl>oiit  30  c.c.  capacity,  from  which  the  air  was  displaced  by  a 
stream  of  carbon  dioxide.  The  sulphite  solution  was  prepared  by 
introducin<(  into  a  dry  250  o.c,  flask,  from  whicli  tlio  air  had  been 
displaced  by  carbon  dioxide,  the  weighed  quantity  of  the  salt,  and 
adding  boiled  out  water  (previously  saturated  with  carbon  dioxide) 
to  the  mark.  The  tlask  was  provided  with  a  oork»  through  which 
passed  a  glass  tube,  one  end  of  which  w.as  connected  wit  It  an 
apparatus  generating  carbon  dioxide,  and  the  other  almost  touched 
the  snrfaoe  of  the  liquid  in  the  ^k.  The  Btop-cock  of  the  carbon 
dioxide  apparatus  was  always  open,  so  that  when  the  cork  was 
removed  a  stream  of  the  gas  passed  through  the  glass  tube  on 
to  the  surface  of  the  sulphite  solution.  The  bulbs  were  charged 
with  the  sulphite  solution  by  withdrawing  from  the  flask  the  re- 
quisite volume,  35  cc,  and  running  it  into  the  bulbs,  which  were 
i  umediately  afterwards  sealed  before  the  blowpipe.  One  such  bulb 
was  introduced  into  the  cylinder  containing  the  tetrathionate 
solution,  and  a  similar  one  into  a  similar  cylinder  containing  176  cc. 
of  boiled  water  (previously  saturated  with  carbon  dioxide).  The 
cork  of  each  was  replaoedi  and  a  rapid  stream  of  carbon  dioxide 
again  passed  through  the  liquids  in  the  two  cylinders.  The  bulbs 
were  broken  against  the  sides  of  the  cylinders,  and  the  contents  of 
the  cylinders  well  and  quickly  mixed  partly  by  the  stream  of 
carbon  dioxide  and  partly  by  shaking.  The  exact  moment  of 
breaking  the  bulb  in  t]i*»  tetrathionate  solution  was  recorded  by 
releasing  the  seconds  hand  of  a  stop-watch.  At  intervals,  20  c.c. 
of  the  solution  were  withdrawn  by  a  pipette  and  run  into  an 
iodine  solution  contained  in  small  flask.s,  and  the  excess  of  iodino 
titrated  wit|(  ^  solution  of  thiosulphate,  2  c.c.  of  which  e(^ualle4 
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1  M  of  the  Iodine  oolotum.  The  initkl  eolpliite  titmtkm  was 
deteminod  by  aoertaiiiiog  the  iodine  tttntion-^iie  of  20  0.0.  of 
the  eontente  of  the  c^jrlinder,  whieh  oonteined  no  dIesolTed  tetm- 
thlonate^  and  determinetions  after  varjing  interyalt  diowed  that 
with  the  above  precautions  this  initial  titration-valne  eodd  be 
preserved  for  twenty-four  hours,  that  is,  the  sulphite  oonld  be  pre- 
served from  oxidation  for  so  long  a  period  at  least. 

In  the  account  which  follows,  the  strength  of  the  iodine  solution  is 
given  as  a  record  of  the  concentration  of  the  solutions  in  which  the 
change  was  proceeding,  for  the  sulphite  initially  contained  in  1  c.c.  of 
such  solutions  required  as  nearly  as  possible  1  c.c.  of  the  iodine 
solution  used  in  the  titration,  and  the  tetrathionato,  and  any  other 
substance  added  to  the  solution,  was  present  in  equivalent  proportion 
relatively  to  the  sulphite  or  in  some  multiple  or  fraction  thereof. 

J%e  Change  Proceedg  vnth  the  Formation  q/'  Potussium  Thio8ylj>]((d6 
in  Quantities  Equivalent  to  the  Sulphite  w/iicJi  Juu  Enlered  into 
the  Reaction. 

The  formation  of  thioenlphate  was  proved  by  estimating  the  iodine 
titration-valne  of  a  solution  in  which  the  ehange  between  tetrathionale 
and  sulphite  was  piooeeding,  and  also  the  addity  developed  when  the 
iodine  titration  was  completed.   Methyl-orange  was  used  as  indicator 

in  the  acidity  determination,  the  blue  colour  of  the  starch  iodide 
being  first  discharged  witli  a  drop  of  a  thiosiilphate  solution. 

The  iodine  solution  contained  5*08  grams  in  1000  c.c.  In  the 
first  experiment,  the  proportions  of  sulphite  and  tetrathionate  were 
equivalent;  in  the  second,  the  proportions  were  K3SO, :  ^KoS^O^.  In 
both  cases  it  was  found  that : 

where 

il«  Actual  iodine  titration*valne  of  the  solution  determined  at 
vatfying  intervals  after  mixing. 
iS^B  Iodine  titration-value  of  sulphite  then  present,  as  calculated 

from  the  developed  acidity. 

T  -  Initial  iodine  titration- vahie  of  the  solution. 

Inasmuch  as  the  iodine  titration-vahie  of  a  thiosiilphate  is  only 
half  that  of  its  equimolecular  proportion  of  sulphite,  the  diminution 
of  the  sulphite  titration  by  an  amount  twice  that  of  the  diminution 
in  the  value  of  the  iodine  titration-value  of  the  solution  shows  that 
thiosulphate  has  been  formed  in  the  solution  in  quantities  equivalent 
^o  the  salphite  which  h^s  reacted  with  tetrathionate. 
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Tke  Gonvernoti  qf  Sulpf^iU  into  ThiostUpfiate  U  lieversible. 

At  lirst  it  was  aitempted  to  prove  the  truth  of  this  by  dotermiiiiug 
the  values  of  the  peroentage  change  at  interfals  of  twentj-fouTi  forty - 
eighty  and  eeventy^wo  hoofs  after  mixing.  However,  the  extent  to 
which  the  converrion  of  sulphite  into  thioeulphate  proceeds  is  a  con- 
siderable proportiott  of  the  theoreticaUy  complete  changOi  and  in 
Gonsequencey  tho  velocity  of  change  after  these  intervals,  even  sup- 
posing no  limit  short  of  complete  conversion  to  be  attainable,  would 
be  extremely  small.  By  reason  of  this  fact  and  the  fact  also  that  the 
solution  might  possibly  become  oxidised,  the  method  was  uncertain 
and  was  consequently  abandoned. 

In  the  absence  of  secondary  reactions,  if,  with  the  exception  of 
Variation  in  the  active  masses  of  thu  sub.^tances  entering  into  the 
react»ioii,  llm  couditions  under  which  a  chemical  change  proceeds  aio 
constant,  the  velocity  is  directly  proportional  to  the  product  ol  the 
active  masiieij  of  the  substances  between  which  the  change  is  pro- 
ceeding. If  no  secondary  reaction  intervenes,  the  amount  of  trans- 
formation in  a  given  interval  of  time,  0,  can  be  calculated  from 
the  equation, 

A -X  A 

where 

A  represents  the  active  masses  of  the  substances  present. 
««e  the  quantity  transformed  in  the  interval  of  time,  ^,  and 

(1=  9k  constant. 

The  comparison  of  the  values  of  the  percentage  change  of  sulphite 
into  thiosulphate  after  var3ring  intervals  of  time  from  the  first  moment 
of  mixing  with  the  values  for  the  same  intervals  calculated  from  the 
above  equation  by  using  for  a  its  value  as  determined  from  the 
observed  peroentage  change  in  the  first  interval  of  time^  shows  a 
retardation  of  the  change  in  excess  of  that  due  merely  to  dilution. 

The  values  for  a  solution  of  potassium  sulphite  and  tetrathionate  in 
equivalent  proportions,  the  ooncentration  of  which  corresponded 
with  an  iodine  solution  containing  5*08/2  grams  in  1000  cc,  gave : 

Percentage  Percentage 
chau^        chaugo  calcalatod 
actually  ooeutiiag.  from  equatioa.  Diffvroaces* 

hour  ifter  misiog   29-5  20  5  — 

„          „    41-9  45-5  3-6 

„    50-2  65-6  5-4 

1       ,>        ,   56-7  e2-6  6-9 

l^he  secondary  reactions  which  are  theoretically  possible  in  a 
solution  in  which  sulphite  and  tetrathionate  are  reacting  one  with 
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anothor  are :  tlie  reverse  ohaoge  between  thioeaipliato  and  triihioiiate* 
the  formatUm  of  pentathionate  by  interaction  of  tetrathionale  and 
tbioeulpbate,  and  its  subsequent  reconversion  into  tetrathionate  by 
the  action  of  sulphite.  The  preliminary  ezperimente  have  shown  that 
Potassium  trithionate  and  thiosulphate  do  react  to  form  tetrathionate 
and  snlphitCy  and  that  potassium  tetrathionate  and  thiosulphate  react 
to  form  pentathionate.  Xhey  have  also  shown  how  repidly  potassium 
pentathionate  and  sulphite  interact.  It  will  be  subsequently  shown 
that  pent'ithionate  is  not  permanently  formed  in  a  Bolution  in  which 
[>oLa.-,>ium  tetrathionate  and  sulphite  react  in  e(juivalent  (juantities. 
The  interaction  of  trithionate  and  thiosulphate  would  account  for  a 
retardation  of  the  velocity  of  the  ilii*ect  change  hetween  tetrathionate 
and  sulphite  in  excess  of  that  occasioned  merely  hv  dilution,  and, 
from  the  fact  disclosed  hy  tlie  pi-eliminary  experimeut.s  that  potassium 
trithionate  does  react  with  thiosulphate  to  form  sulphite  and  pre- 
sumaldy  tetrathionate,  may,  I  think,  bo  regarded  as  in  the  main 
responsible  for  the  retardation,  in  excess  of  that  occasioned  by 
dilution,  in  the  velocity  with  which  the  direct  change  between 
tetrathionate  and  sulphite  proceeds.  In  other  words,  the  change 
between  tetrathionate  and  aulphite  of  potassium  is  a  reversible  one. 
However,  certain  results  to  be  mentioned  later  are  quite  inconsistent 
with  the  supposition  tlutt  the  change  is  a  simple  reversible  one  uncom- 
plicated by  any  secondary  reactions.  As  will  be  shown  later,  the 
addition  to  the  system  of  either  potassium  trithionate  or  thiosulphate, 
iobtead  of  retarding,  accrierates  the  velocity  of  ohemical  change -in  the 
first  hour,  although  the  addition  of  either  of  these  substancee  reduces 
the  limit  values. 

With  the  view  of  gaining  some  conception  of  the  approidmate  limit 
value  for  the  change  between  sulphite  and  tetrathionate,  portions  of 
*Ji)  C.C.  uf  a  solution  in  which  the  change  was  proceeding  were  sealed 
up  in  small  glass  bulbsi  from  which  the  air  had  been  displaced  by 
Carbon  dioxide.  The  solution  correspondeil  with  an  iodine  solution 
containing  5*0?^/2  grams  in  1000  c.c,  and  the  sulphite  and  tetra- 
thionate were  present  in  e^juimolecular  proportions.  The  valuer  uf 
tijo  percentage  elmnge  at  tliu  end  of  twenty-four  hours,  forty-oi^hl 
houre,  and  eight  days  were  determined  : 

24  honn  from  firet  mixing,  the  percentage  change  was  91*4 

»»        i»  i»  II  II  9- "7 

8  days      „  „  „  „         Ua  1 

in  each  case,  the  titrated  solution  was  distinctly  acid.  The  values 
seemingly  point  to  a  limit  value  somewhat  less  than  95  per  cent. 
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FentathioiiaU  is  not  rentuinenUy  Fonned  in.  the  tSoiiUiu/i  wli»^  n  I'uiassixLtn 
Sulphite  and  TetrathionaU  r«act  inJsJquivaleiUrrQporltQiui  inAqtAWua 
Solution, 

The  preliminary  ezperimente  have  already  ehown  how  rupidly 
sulphite  abstractB  sulphur  from  pentathionate,  the  sulphite  itself 
becomiDg  converted  into  thioeulphate.   The  pentathionate,  if  formed 

when  pota88iuDi  sulphite  and  tetrathionate  react  in  equimolecular 
proportions  in  acjuooius  solutiou,  would  iiiuro  probably  bti  fouiid  in  a 
solution  in  vvlin:li  the  change  had  been  proceeding  for  tiome  time. 
Accordingly,  having  sought  in  vain  for  its  presence  in  j)ortions  of 
solutions  in  which  less  than  50  per  cent,  of  the  sulphite  hud  l>een 
converted  into  thiosulphate,  solutions  in  which  the  changu  had 
proceeded  for  twenty-four  and  forty-eight  hours  respectively  were 
examined.  Portions  of  10  c.c.  of  the  solutions  when  tested  with  the 
ammoniacal  silver  nitrate  solution  did  not  in  either  case  show  any 
darkening  within  the  first  two  hours.  Eighteen  hours  after  adding 
the  ammoniacal  silver  nitrate  solution  a  darkening  had  developed,  the 
intensity  of  which  about  equalled  that  developed  in  a  quarter  of  an 
hour  in  a  solution  of  potassium  pentathionate  containing  0*0361  gram 
in  100  cj!.  The  inference  to  be  drawn  is,  apparently,  that,  until  the 
sulphite  present  in  the  solution  had  become  oxidised  by  exposure  to  the 
air,  no  pentathionate  waa  permanently  formed  in  the  solution.  When 
potasdum  sulphite  and  tetrathionate  in  equivalent  proportions  react 
in  aqueous  solution,  pentathionate  is  not  permanently  formed  in  the 
solution,  provided  the  excess  of  sulphite  is  protected  from  oxidation. 

T/te  ht^tcl  of  I'urt/iwj  the  MiCJis  oj'  l/ic  TttraUdotialej  tJie  AMaaa  oj  Uit 
SuiphiU  InUMliy  I^reseiU  UcHiainiruf  (JoMtant, 

The  sulphite  present  corresponded  with  an  iodine  solution  coulaiuiiig 
5*08/2  grams  in  1000  cc.  The  tetrathionate  present  was  in  At  the 
equivalent  proportion  '  of  the  sulphite,  in  half  the  equivalent 
proportion,  and  in  (7,  twice  the  equivalent  proportion.  The  values  for 
the  percentage  change  were : 

./.  /;.  c. 

i  houi  ufU'i-  ujixing   2y  y  15-8  bd  O 

h  hoor   „    41-6  23-8  68  3 

4*  hour    „-        „    r,0-2  28-7  7r.-7 

1  hour    „    r»5-8  a2<  807 

24  hours,,        „    90-8  60*6  100-0 

These  values  are  the  percentage  conversion  of  sulphite  into  thio- 
sulphate  actually  occurring.  In  the  case  of  in  order  that  they 
should  express  the  percentage  of  the  theoretically  possible  oonversioni 
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tbey  wolild  require  to  be  multiplied  bj  two.  In  the  ease  of  ^  and  C» 
tbe  total  theoreticaUy  poRsible  conversion  of  sulphite  intothiosolphale 
has  taken  plaoe ;  the  slight  eicess  of  50*5  over  50*0  is,  of  oourae^  due 
to  oxidation.  In  (7,  where,  after  twenty-four  hours,  sulphite  was  no 
longer  present,  it  was  to  be  expected  from  the  preliminary  cxperimentB 
that  pentathionate  would  be  found.  The  ammoniacal  silver  nitrate 
test  gave  an  immediate  darkening  with  10  e.c.  of  the  solution  (C) ; 
peniathicnate  had  been  formed  in  considerable  quantities. 


Hf^iA  of  Uie  Presence  in  Uie  ^Syitem  K^SOj — K^S^O^.  of  (a)  Potassium 
JViihioiiaUt  (b)  Fataatkun  TMondpheOe,  inJ(imMiUi$$  Mfmmdtmt 
iQtkeStdpkUe. 

The  concentration  of  the  solution  in  respect  of  the  sulphite  initially- 
present  corresponded  wiili  au^iodine  solution  containing  5'08/2  grams 
in  1000  c.c.  The  tetrathionate  and  the  trithionate  or  thiosulpbate 
initially  present  was  the  equivalent  proportion  of  this  quantity  of 
sulphite : 

j  the  iierceii tage  con -  ^         :  Kfifi^.       IQSA>  ^Q^w 
At  the     J  of  I  version  of  sulphite  I  qj.q  JA.tt 

1  u„..-i        thiosulpbate  J  »  »*  »  » 


^  hoiu-'j  iuto  thiosulpbate 
K  was 

„    h  ».  8  537 

M     ?    n  M         »  80-2  56-2  60-2 

1    M  n         »  55-8  61-2  648 

„  48liottn       „        „  82*8  00*0  87*0 

The  increase  in  the  values  for  the  percentage  change  occurring 
during  the  first  hour,  when  thiosulphate  or  trithionate  is  present,  over 
the  corresponding  values,  when  sulphite  and  tetrathionate  interact  in 
the  absence  of  these  substances,  is  noticeable,  and  clearly  shows  that 
the  nature  of  the  reaction  between  potassium  tetrathionate  and 
sulphite  cannot  be  a  simple  reversible  change.  The  presence  of 
products  of  the  change  accelerates  the  rate  of  chemical  change.  On  the 
other  hand,  the  values  for  the  interval  of  forty-eight  hours  are  in  both 
cases  smaller  than  the  corresponding  percentage  (92*3)  for  the  system 
K^Og :  Kfifi^  and  point  to  the  reversibility  of  the  change  between 
potassium  sulphite  and  tetrathionate.  The  fact  that  thiosulphate  doee 
in  certain  circumstances  reset  with  tetrathionate,  whereas  tri- 
thionate does  not  react  with  either  sulphite  or  tetrathionate^  may 
account  for  the  diiference  in  the  values  of  the  percentage  change 
when  thiosulphate  and  trithionate  are  respectively  present  Althougk 
thiosulphate  and  tetrathionate  do  not  form  pentathionate  in  the 
presence  of  sulphite,  there  must  be  a  tendency  to  the  formation  of 
pentathionate,  'even  if  pentathionate  is  not  actually  momentarily 
fennedt  when  thiosulphate  and  tetrathionate  occur  in  a  solution  even 
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in  the  presence  of  sulphite.  This  tendency  to  the  formation  of,  or 
the  momentary  formation  of,  pentathionate  may  conceivably  account 
for  the  smaller  percentage  valaee  when  thioBulpbate  in  plaoe  of 
trithionate  is  initially  present. 


ConclusiiOM. 

When  potaniom  ralphite  and  tetrathionate  are  dissolved  in  the 
same  aqneons  solution,  chemical  change  proceeds  with  the  formation 
of  thiosulphate  in  equimoleeolar  proportions  to  the  sulphite  so  con- 
verted* If  the  sulphite  and  tetrathionate  are  originally  present  in 
equimolecttlar  proportions,  the  conversion  of  sulphite  into  thioeulphate 
does  not  proceed  to  completion,  and  pentathionate  is  not  formed  in 
appreciable  quantities. 

If  the  relative  proportions  in  which  the  sulphite  and  tetrathionate 
are  dissolved  are  either  K^SOg :  i  KgvS^O^  or  K.^S()j :  2528^0^, the  theoreti- 
cilly  complete  conversion  of  hulp'iite  into  thiosulphate  takes  place, 
and  in  the  latter  cane,  when  the  sulphite  has  been  wholly  converted 
into  thiosulphate,  pentathionate  is  found  in  the  solution  in  consider- 
able quantity. 

CflBXST  OSUBOB, 

Ozvosn, 


LXXIV. — The  Displacement  of  Halogen  in  l- Phenyl- 
ekUnvacetic   Add   by  Hydroxy-  and  Methoocy- 

groups.     A  Contribution  to  the  Chtrnutry  of  the 
Wcdden  Inversion. 

By  Alkx.  McKenzie  and  Geobge  William  Clouoh. 

Ih  the  course  of  the  last  few  years,  the  rscemising  effect  of  alkali, 
more  particularly  during  the  saponification  of  optically  active  menthyl 
and  bornyl  esters,  has  been  repeatedly  observed  by  one  of  us  (Trans., 
1904,  85,  378,  1249 ;  1905,  87,  1378 ;  McKensie  and  Thompson, 
Thuis.,  1905,  87,  1004;  1907,  91,  789;  McKensie  and  Mttller, 
Trans.,  1907,  91,  1814),  who  has  in  consequence  been  led  to  consider 
whether  those  results  have  any  bearing  on  the  formation  of  optically 
active  maudelic  acid  from  optically  active  phenyl-halogen-acetic  acids 
by  the  so-called    Walden  inversion." 

The  possibility  of  transforming  an  optically  active  compound  into 
its  enantiomorphous  isomeride  without  first  forming  the  r-  (or  dl-) 
compound  and  then  resolving  the  latter  was  realised  by  Waldeu  more 
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than  ten  years  ago.  This  uoezpected  and  remarkable  change*  has 
not  yet  been  explained.  The  interest  in  it  has,  however,  ktely  been 
revived  in  consequence  of  varioos  observations  made  by  B.  Fisdier 
and  his  co-workers  in  connexion  with  the  synthesis  of  polypeptides. 
At  the  present  time,  it  may  therefore  be  useful  to  give  a  brief  rfeumi 
of  the  more  important  results  so  far  achieved  with  reference  to  the 
change  in  question. 

From  the  researcheb  of  1  nia  {AanaUu,  18-48,  68,  341)),  PahUsur 
(Ann.  Ghim.  Phys.,  1852,  [iii],  34,  46),  and  Piutti  (Ber.,  1886,  19, 
1693),  it  appeared  that  ^ai^paragine,  NH/C0'CH2-CH(NH,)-(X),H, 
is  converted  into  /-malic  acid,  COoH-CHj-CH(OH)-CO,H,  by  the 
action  of  nitrous  acid ;  the  behaviour  of  /-aspartic  acid, 

C02H-CH2-CH(NH,)-CO,H, 
towards  nitrous  acid  is  similar.  These  results  were  confirmed  by 
Walden  (Ber.,  1895,  28,  27G6),  who  had  previously  shown  {Ber.,  1893, 
26,  214;  1895,  28,  1287)  that  ^malic  acid  (or  its  ei,ters)  is 
converted  into  <2-chlorosuccinic  add,  CO^H'CHj'CHCl'COgU  (or  its 
esters)  by  the  action  of  phosphorus  pentachloride.  The  corresponding 
bromo-esters,  formed  in  a  similar  manner  from  phosphorus  penta- 
bromide  and  ^malic  acid,  are  also  dextrorotatory.  That  the  chloro* 
succinic  acid,  produced  directly  either  from  /-asparagine  or  j-aspartic 
acid  by  the  action  of  nitrosyl  chloride,  is  Isvorotatory  and  not  dextro- 
rotatory (Tilden  and  Marshall,  Trans.,  1895,  67,  494 ;  Walden,  Ber., 
1895,  28,  2766 ;  1896,  29, 133)  was  acoordingly  a  very  astonishing 
observation  when  viewed  with  relation  to  the  other  results  just 
quoted.  Its  significance  was  fully  appreciated  by  Walden  when  he 
made  the  following  statement  (j8sr.,  1895,  28,  2773) :  *'  Ausgehend 
von  dnem  einheitlichen,  optisch  activen  und  mit  nur  einem  asym- 
metrischen  Kohlensto£Eatom  begabten  KSrper  sind  wir  daher  im 
Standee  unter  Anwendung  von  optisch  inaotiven,  chemisch  verschieden 
wirkenden  Agentien,  bei  relativ  niedrigen  Temperaturen  sweierlei 
active  Substitutionsproducte,  d.h.  die  beMen  optischen  Antipoden  su 
gewinnen."  From  the  work  just  referred  to,  it  was  accordingly 
shown  that  /-asparagine  (or  /-aspartic  acid)  may  be  converted  either 
into  It  or  cZ-chlorosuccinic  acid,  thus :  ^ 

^NH^■00'CH^'OH(NllJ'CO■,H(^y  ^^^^ /-CO,H'CH,'CH(OH)'CO.,H 

|(by  NOCl)  I  (by  PCl,) 

A  change  of  conliguration  (a  '*  Walden  inversion")  by  the  action  of 

*  **  Diase  Entdccknog  war  seit  den  grandl^oden  VutersachuDgeu  Pantecn  die 
libcn-aschouilstc  Beobuclitung  auf  dom  Gebiete  dcr  optiachmklivwi  BiibstaQsen,*' 
E.  Fiflcher,  £er.,  1907,  40,  489. 
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nitroeyl  chloride,  niferous  acid|  or  phosphorua  petttachloride  must 
tharafore  havo  tftken  place. 

With  the  yiew  of  dedding  whether  the  ^halogeo-suociDtc  acid  or  its 
ct-iaomeride  is  related  in  configuration  to  ordinary /-malic  acid,  Walden 
(Ber,,  1896,  29,  133)  next  studied  the  displacement  of  halogen  by 
hydroxyl  in  those  oompounds  by  means  of  silver  oxide,  and  established 
the  following  cycle : 

l^by  Agfi)  j(by  A&p) 

^CO,H-OH,*OHGi*00,U      (by  iv  i  )  l  '^0M'CB^*CK(OUyCO^K 

When,  however,  potassium  hydroxide  na.s  substituted  for  bilvor 
oxide  for  the  purpose  of  displacing  the  halogen  by  liydroxyl,  the  optical 
activity  of  the  resulting  malic  acid  was  of  the  opposite  sign  to  that 
of  the  halogeu-succiuic  acid  used  (WaldeOi  Ber,^  1897,  30, 
thus : 

(by  PCU 

/(JOjjU-CHj-CH(OH)COoH  7  ^  J-COjjH'CHj-CHCl-CU,ll. 

(by  KOIl) 

By  the  successive  action  of  phosphorus  pentachloride  and  silver  oxide, 
it  is  thus  possible  to  convert  /-mah'c  acid  into  d-m&Mc  acid,  or  vice  versa. 

In  the  displacement  of  halogen,  either  silver  oxide  or  potassium 
hydroxide  acta  abnormally.  In  order  to  obtain  information  on  this 
point,  Walden  (Ber..  189'J,  32,  1833)  studied  the  displacement  of 
lialoiren  witli  a  lartje  number  of  bises.  Some  of  these  behaved  like 
silver  oxide,  and  others  like  potassium  hydroxide.  The  cuiious  result 
was  that  strong  ba  os  did  nob  behave  in  one  way  and  weaker  bases 
in  the  other.  The  determination  of  the  sign  of  the  rotation  of  the 
malic  acid  formed  in  each  one  of  Walden's  experiments  was  of  more 
value  than  the  absolute  nnmerical  yalue  found.  Sometimes  the  action 
of  the  base  was  incomplete;  fumaric  acid  was  often  formed;  the 
malic  add  was  generally  extracted  from  the  unattached  halogen  acid 
b7  means  of  acetone,  and  its  slight  rotation  greatly  intensified  by 
means  of  Walden's  alkaline  uranyl  nitrate  reagent.  A  perusal  of  the 
various  values  shows  that  marked  partial  racemisation  had  often 
occurred. 

Walden  submits  arguments  in  favour  of  regarding  the  conversion  of 
^malic  acid  into  dextrorotatory  halogen-succinic  acid  as  an  optically 
normal  action^  that  is,  an  action  not  involving  a  change  of  con 6gu ra- 
tion. It  is  accordingly  proposed  by  him  to  designate,  for  example, 
the  acid  obtained  from  phosphorus  pentachloride  and  ^malie  add  as 
^chlorosuccinic  acid  (Asr.,  1899,  32,  1855).  With  regard  to  the 
dixplacement  of  halogen  by  iiydroxyl,  the  action  of  ba^es  which 
behave  like  potassium  hydroxide  is  regarded  as  in  all  probability 

V«      LJ  ^ 

a,  -  ojgiii^ed  by  Google 


MokSNZIE  Allb  OLOtJGU  ;  ikk  DISPLACEMENT 


optically  sormal  and  ionic.  BaF€s  which  behave  like  silver  oxide 
very  probably  act  abnormally,  the  change  in  configuration  being  due 
to  the  formation  of  intermediate  silver  compounds. 

Sinoe  ^-ohlorosuccinic  acid  is  obtained  directly  from  ^aapartio  acid 
by  means  of  nitrosyl  ehloride,  and,  ainoe  d-chlorosnccinie  aeid  is 
obtained  from  the  same  source  by  the  action  of  nitrous  fumes  and 
sobeeqnent  aetion  of  phosphoriu  pentaohloride,  it  f oUowa  that  ei(h«r 
nitrofyl  chloride  or  nitrous  acid  must  act  abnormally.  * 

The  Walden  inversion  with  reference  to  lactic  acid  was  sfcudied  by 
Pordie  and  Williamson  (Trans.,  1896,  69,  837),  who  carried  oat  the 
following  changes : 

<i-CH,-CH(OH)-CO,H  -^-Z  CH,-UH(OH)-CO,-C,lI, 

i^OHj-CHCl-COj-O^H^  — ^  (f-CHg-CHU-COjjU  ^^^^ 

{-CE3-0H(OH)-GO^ 

E.  Fischer  (£er.,  1907,  40,  489)  shows  that  i(-bromopropionic  add 
behaves  in  a  similar  maimer  either  with  silver  oxide  or  silver  carbonate, 
being  converted  into  ^laeiac  add ;  with  potasnnm  hydroxide,  it  forms 
lUaetic  add.  The  behaviour  of  silver  oxide  and  of  potassium 
hydroxide  is  thus  exactly  similar  to  the  experience  of  Walden  in  his 
work  on  the  intercoovLi\-,ion  of  the  malic  acids. 

Fischer  has  utilised  the  Walden  inversion  for  the  syntheses  of 
various  optically  active  polypeptides  (/?er.,  1906,  39,  2893).  For 
example,  r-leucine  was  resolved  into  its  optically  active  components  by 
fractional  crystallisation  of  the  brucine  halts  of  its  formyl  derivative  j 
cf-leucine,  obtained  in  this  manner,  was  converted  by  means  of 
nitrosyl  bromide  into  c/-a-hromo/«ohexoic  acid, 

OHMes-OH,«CHBr*CO,H, 

which,  by  the  action  of  phosphorus  pentaohloride^  gave  (2*a-bromoijo* 
hexoyl  chloride.  The  latter  compound  was  then  conpled  with 
Meucine,  when  <i-a-bromotiohexoyl4-]endne, 

C.Hg-CIl  Br-C0-]SH-GH(C,Hy)  C02H, 

was  foiiiied,  and  this,  by  the  action  of  ammonia,  was  converted  into 
Meucyl -Meucine,  C4H./CH(NH  ,)-CO-NH-ClI(C,Hy)-CO,H. 

Amongst  the  other  important  advances  made  by  Fischer  in  bis 
studies  on  the  Walden  inversion,  the  following  may  be  mentioned. 

(1)  Displacement  of  the  halogen  by  the  amino-group  and  vice  versa. 
The  interoonversion  of  the  active  alanines  and  a-bromopropionic  acids 
was  studied  (i^er.,  1907,  40,  489),  and  the  following  cycle  established : 

d-CH3-CH(NH,)-C02H  ce.CH,-CHBr-COjH 

^(UyNOBr)  |  (by  NOBr) 

/-CH^-CHBr-COjH  Z-CH,-CH(NH,)-COjU 
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The  conclusion  is  drawn  tbal  I  lit-  uctiou  of  ammouia  is  normal  and 
that  of  the  nitrosyl  bromide  abnormal. 

Fischer  and  Raske  (/?«r.,  1907,  40,  1051)  have  also  studied  the 
interconversion  of  (-bromosucoinic  acid  and  cZ-asparbic  acidj  thus : 

^C0,H•0H3•0HBr  OO^H     Ov^^^    4i.00^'0H,'CH(NH  j)  -COsiH 
and 

.;-CO^-CH,-CH(NHj)  CO,H  Z-COgH-CHj-OHBr-COjH  . 

(2)  Fiseher  found  that  the  same  seageiit  may  at  one  time  aet 
normally  and  at  another  abnormally  with  oomponnds  yery  eloiely 
related  to  one  another  in  etroetuxe.  Thus,  whilst  il^danine  yields 
^bromopropionio  aetd|with  nitrosyl  bromide,  the  Utter  reagent  eon* 
wts  ethyl  <j-alanine  into^ethyl  c{-bromopropionate : 

<i.0H3*CH(NH,V00,H  «5H,-OHBrOO^ 

(«)H,-CH(NH8)  C0,Kt  ^Q^J)  «)Hjj-CH(NH,)'COjEt. 

A  similar  reealt  was  obtained  with  /-leaeine  and  its  ester,  and  alio 
with  Z-aspartic  acid  and  its  ester  (Fisoher  and  Baske,  loo.  oiL) : 

200^«0H,-0H(NE,)*00,H    (^jj^^)  ;.00,H*OH,-OHBrOOsH 

/.C0jEt-CHa-CH(NH2)-C0,Et  (t-y  »0B^)  d-CO,Et-CHj-CHBr-COjEt.  . 

It  is  eooddered  highly  probable  that  in  the  oonversion  of  aotire 

amino-acids  into  the  corresponding  active  bromo-acids,  the  action  of 
the  nitrosyl  bromide  is  abnormal,  whilst  the  action  on  the  esters  is 
normal.  This  difference  in  behaviour  between  acid  and  ester  is  not 
always  borne  out,  since  Fischer  and  Scheibler  (Ber.,  1908,  41,  889) 
have  recently  found  an  exception  in  the  case  of  Z-valine  (a-amino- 
Movalerio  acid),  CHMe2*CH(NH2)*C02H.  The  bromo-compound, 
obtained  by  the  action  of  nitrosyl  bromide  on  ^valine,  gives  the 
original  ^valine  when  acted  on  by  ammonia,  a  babaviour  which  is 
attributed  to  the  action  of  the  uopropyl  group. 

The  action  of  silver  oxide  has  been  investigated  by  Fischer  from 
the  same  standpoint  as  with  nitrosyl  bromide.  Unfortunately^  the 
displacement  of  halogen  by  hydroxyl  by  the  action  of  water  and 
silyer  oxide  on  active  bromopropionte  esters  took  place  to  a  very  slight 
extent  at  the  ordinary  temperatnre»  whilst  at  higher  temperatures 
oomplioations  arose  owing  to  partial  saponification.  The  problem  was 
solved,  however,  by  combining  /-opbtomopropionyl  ehloride  with 
l^ycine  to  form  /-bromoprofdonylglyeine,  from  whieh,  by  the  action 
of  water  and  silver  earbonatOi  the  bromine  is  displaced  by  bydroxyl ; 
from  the  resulting  compound,  Maotio  add  is  obtained  on  hydrolysis. 
The  following  changes  are  thus  possible : 
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^OHs'CHBr'OOjtU  rf.CH,«CH(oH)  C02U 

/-aH,*CHBr-C0*NH*OH,*0O,H      (by  Agfi  and  h>dfoly»is) 

ACH,CH(OH)-OOjH. 

(3)  Fischer  is  of  the  opinion  that  in  Wklden'e  experimento  the 
aeUons  of  nitrosyl  chloride  and  of  silver  oxide  are  in  all  probabilitj 
ahnonnal,  whilst  the  actions  of  nitrous  acid,  potaaaium  hydroxide,  and 

phosphorus  pentachloride  are  normal.    The  Walden  inversion  appears 

to  be  confined  to  those  interactions  involving  (a)  the  displacement  of 
an  amino-groiip  by  means  of  iiitrosyl  halide,  and  (b)  the  displacement 
of  a  lialogeii  liy  a  hydroxy-group  by  means  of  silver  oxide  and  other 
bases  mentioned  by  Wahlen. 

(4)  The  Walden  inversion  is  dependent  on  the  presence  of  a 
carboxyl  group. 

Tn  the  present  paper,  an  account  is  given  of  the  displacement  of 
halogen  in  ^phenylchloroacetic  acid  by  the  hydroxy*  and  methozy* 
groups  respectively. 

Walden  describes  the  preparation  of  ^^phenylchloroacetic  acid  by 
the  action  of  phosphorus  pentachloride  on  /-mandelic  acid,  but  we 
found  that  this  method  gave  unsatisfactory  results,  owing  to  the  large 
amount  of  racemisation  which  took  place.  r-Phenylcbloroacetic  acid 
was  accordingly  resolved  by  the  use  of  morphine,  the  solvent  used 
being  methyl  alcohol.  The  resulting  /-phenylchloroacetic  acid  had 
[a^  -  1918'  for  c  3*353  in  benzene  solution.  Walden's  cfaloKKaeid 
gave  [a]o  + 132*13^  under  eimilar  conditions,  and  apparently  was  not 
free  from  the  r-form. 

A  favourable  droumstance  attending  the  study  of  this  add  from 
the  standpoint  of  the  Walden  inversion  m  the  ease  with  which  the 
halogen  is  completely  eliminated  from  it.  This  displacement  is  acoom- 
-panied  hy  racemisation,  which  in  most  cases  is  very  considerable, 
partial  racemisation,  however,  during  the  Walden  inversion  is  a 
frequent  ooeurrenoe,  to  which  attention  is  repeatiedly  drawn  both  by 
Walden  and  Fischer.  • 

The  change  /-C.Hg  CHCl'COjH  — >  C(,Hj-CH(OH)-CO,H,  earned 
out  by  the  aetton  of  water,  gave  a  mandelie  acid  which  was  optically 
inactive.  In  the  experiments  so  far  conducted,  complete  raoemifation 
had  accordingly  taken  place.  This  was  an  unexpected  result  for  a 
change  of  an  apparently  simple  natuie  and  one  conducted  under  mild 
conditions. 

A  mixture  of  r-  and  /-mandelie  acids  was  obtained  by  the  action  of 
water  on  sodium  /-phenylchloroacetate  as  well  as  by  the  action  of 
aqueous  sodium  hydroxide  on  .sodium  /-phenylchloroacetate.  On  the 
^ther  bandf  a  mixture  of  r-  aQ4  acids  waa  obtained  by  the 
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action  of  water  on  silver  Z-phenylchloroacetate,  and  also  by  the  action 
of  silver  carbonate  on  /-phenylchloroacetio  arid. 

The  experiments  described  in  the  present  paper  indicate  that  the 
foUowing  transformations  can  be  effected  : 

(»>y  PCI,) 

myNaOH'i  1  (by  NaOH) 

'  (by  pca.)  ^ 

Ag/)) 

There  is  no  reason  lor  supposing  tbat  the  phosphorus  pentaehloride 
acts  abnormally  in  those  cases.  Walden  found  that  sodium  hydroxide 
behamss  like  potassium  hydroxide.  If  we  accept  tho  view  that,  in 
the  experiments  of  Walden  on  the  interconversion  of  the  malic  adds 
and  off  Pnrdie  and  Williamson  and  Fischer  on  the  interoonyersion  of 
the  laotie  acids,  the  action  of  the  potassium  hydroxide  is  normal  and 
the  action  of  the  silver  oxide  in  abnormal,  then,  in  tlie  interconversion 
of  the  maruMic  acids ^  sodium  hydroxide  Miaves  abnormally  and  silver 
oxide  iiorTnalli/. 

When  /-phenylchloroacetic  acid  is  acted  on  by  methyl-alcoholic 
sodium  hydroxido  or  l>y  a  solution  of  sodium  methoxide  in  methyl 
alcohol,  a  mixture  of  r-  and  /-phonylmothoxyacetio  acids  is  formed. 
Since  one  of  us  ha.s  already  shown  that  /  phenylmethoxyacetic  acid  is 
obtaine«l  by  the  alkylation  of  /-mandelic  acid  by  silver  oxide  and 
methyl  iodide  (Trans.,  1899,  75,  753),  it  is  thus  possible  to  obtain 
from  rf-mandelic  acid  either  <i-phenylniothoxyacotic  acid  or  /-phenyl' 
methoxyacetic  acid  according  to  the  following  scheme : 
il-CeHs*CH(OH)*00,H  (byAft^adiW)  <M)^H5'CH(0Me)-C0jH 

j{hy  PCI,) 

/-C«H,-CHCl-C05,H  (l.y  MeONa)  /-CeH5-0H(0Me)'C0jH. 

It  is  probable  that  the  Walden  inversbn  takes  place  in  the  action 
of  the  sodium  methoxide. 

Whilst  it  is  hoped  that  these  experiments  may  throw  additional 
light  on  the  mechanism  of  the  Walden  inversion,  it  can  serve  no 

useful  purpose  at  the  present  time  to  discuss  the  theory  of  the  subject, 
since  further  experimental  data  are  required. 

EXPIEIMBNTAL. 

Action  of  Phoaphortia  PeutacJtluride  on  l-Mandelic  Acid. 

Walden  (Ber.,  1895,  28,  1295)  describes  the  preparation  of 
it^phenjlchloroaoetie  acid  by  the  action  of  phosphorus  pentaehloride 
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on  /-mandalic  aeid«  The  ndxture  was  carefully  heated  to  160^  and 
then  fraotioiiated  under  diminished  pressure^  when  d-phenylohloro* 
acetyl  chloride  wae  obtained  with  [ajo  +158^  in  carbon  disulphide 
solution.    By  careful  decomposition  of  this  product  with  cold  water 

and  recrystalUsation  of  the  resulting  viscous  solid  from  light 
petroleum,  the  resulting  c£-phenylchloroacetic  acid  melted  at  56 — 58^ 
and  had  [a]i>  +  13213°  for  c=s=3'33  in  benzene  solution. 

We  conducted  several  experiments  with  Z  raandelic  acid,  prepared 
from  amygdalin,  in  the  manner  indicated  by  Waiden,  and  obtained  a 
dextrorotatory  phenylchloroacetic  acid  in  every  case,  but  the  optical 
activity  of  the  various  products  was  very  much  loss  than  that  quoted 
by  Walden.  The  action  took  place  in  two  phases,  the  formation  of 
mandelic  chloride  apparently  taking  place  below  100° ;  as  the 
temperature  was  raised,  the  further  action  of  the  pentachloride  in  die- 
placing  the  alcoholic  hydroxy-group  was  noticed.  Since^  thereforCt 
very  marked  racemisation  occurred  under  the  conditions  empioyed»  we 
were  obliged  to  regard  the  method  as  unsuitable  for  the  preparation  of 
the  iMUonHund  in  quantity,  and  aooordingly  had  rsoourse  to  the 
resolution  of  the  r«eid  bj  the  allcaloidal  method. 

It  may  be  noted  in  tbis  connexion  that  Kipping  and  Hunter  (Tnaa,, 
1908,  88,  1005)  ibave  also  attempted,  without  sueosss,  to  prepare 
^phenylchloroaoefyl  chloride  by  £he  interaction  of  phosphorus  penta^ 
chloride  and  <l-mandelio  acid.  The  acid  chloride  obtained  by  them 
was  sometimes  quite  inactiye,  and  they  point  out  that  it  is  a  Tery 
difficult,  if  not  an  impossible,  task  to  prevent  partial  racemisation 
from  taking  place. 

Se§ohaion  «/  T^PkmylMfroMtiio  AeitL 

r- Phenylchloroacetic  acid  was  prepared  from  phosphorus  penta- 
chloride and  r-mandelic  acid  according  to  the  method  of  Bischoff  and 
Walden  (Annalen,  1894,  279,  122).  After  recrystallisation  from 
light  petroleum  (b.  p.  60—80°),  the  acid  melted  at  78 — 79°,  whereas 
Bischoff  and  Walden  give  78°.  It  contained  20*75  per  cent,  of 
chlorine,  the  calculated  amount  being  20*8. 

Of  the  various  alkaloids  tried  for  the  resolution  of  the  r-acid, 
morphine  was  found  to  be  the  most  suitable.  Water  is  not  a  con- 
venient solvent,  since  the  acid  is  very  sparingly  soluble  in  it  in  the 
cold,  and  the  halogen  ie  displaced  with  great  readiness  if  the  aqneouB 
solution  is  warmed.  The  best  results  were  obtained  by  the  use  of 
methyl  alcohol  as  solvent,  and  the  following  experiment  may  be 
quoted  aa  typical. 

To  a  solution  of  the  r-add  (40  grams)  in  200  ao.  of  cold  methyl 
alcohol,  71  grams  of  morphine  were  added,  this  being  the  ealeiilateit 
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amount  for  the  formation  of  the  ntnmal  Siilt.  The  mixture  was 
heated  with  constant  shaking,  and,  as  soon  as  the  hoiling  point  was 
reached,  the  morphine  had  all  dissolved.  Dining  cooling  to  the 
laboratory  temperature,  crystallisation  began,  and,  after  the  mixture 
had  been  maintained  at  8 — 9°  for  twenty-four  hours,  the  crystals  were 
drained  off  and  dried  on  porous  earthenware  ;  yield,  7G  grams.  These 
were  dissolved  in  300  c.c.  of  warm  methyl  alcohol,  and  the  solutioziaet 
aside  at  8 — 10°  for  tw«iitiy-£oar  hours.  The  resulting  56  grams  were 
dissolved  in  300  c.c.  of  warm  methyl  alcohol,  and,  after  twenty-four 
boon  at  aboat  6%  45  grams  were  obtained.  This  product  was  not 
yet,  however,  a  homogeneoos  morphine  salt*  but  it  was  found  con- 
venient at  this  point  to  decompoM  it  and  then  orystallise  the  resulting 
acid  mixture,  instead  of  proceeding  with  the  crystallisation  from 
methyl  alcohoL  ilT-Hydrochloric  add  (120  ce.)  was  aocotdingly 
added*  and  the  chloro-acid  eitraoted  four  times  with  ether.  (In 
subsequent  experiments,  the  powdered  morphine  salt  was  shaken  with 
aqueous  sodium  csrbonate  solution,  the  morphine  remoTed,  the  sodium 
sdt  decomposed  by  mineral  add,  and  the  cbloro-add  extracted  with 
efcher.)  The  ethereal  solution,  which  had  been  dried  by  sodium 
sulphate,  yielded  a  Ittvorotatory  add  (12  grams),  which  melted  at 
5B— 62^  and  had  the  following  rotation  in  bensene  solution : 
Z  =  l,'c  =  3-070,  al?  -5-54%  [a]i°  -180-5^ 

This  product,  after  one  crystallisation  from  light  petroleum,  gave 
7  grams  of  the  pure  ^acid.  It  is  important  that  the  crystallisation 
at  this  point  is  effected  with  low-boiling  light  petroleum.  The 
petroleum,  boiling  at  60^80°,  which  was  used  for  the  purification  of 
the  r-acid  is  not  suitable. 

l^FhenylchloroaoeUo  acid,  G0H^*CHCl*CO2H,  separates  from  light 
petroleum  in  long,  glassy  needles,  or,  if  the  crystallisation  is  conducted 
slowly,  in  hexagonal,  glassy  plates.  It  melts  at  60-- >6l^  On 
analysis ; 

0*1602  gave  0*3102  00,  and  0  0562  H,0.   0  -  56*3 ;  H  -  4*2. 
OgHfOsOl  requires  0-56*3 ;  H»4*l  per  cent. 

The  chlorine  was  estimated  by  adding  an  excess  of  iV^lO  silver 
nitrate  to  a  weighed  uniount  of  the  acid,  boiling  with  concentrated 
nitric  acid  for  thirty  minutes,  and  then  titrating  with  i\^/10  ammonium 
thiocyanate. 

Pound,  CI- 20-7: 

CgHyOgCl  requires  CI    20  8  per  oent^ 

The  method  is  quite  trustwortliy  for  this  compound,  dnce  the 
complete  displacement  of  the  halogen  takes  place  so  readily. 

The  add  is  sparingly  soluble  in  cold  water,  and  readily  so  in  cold 
either,  ethyl  ahwhol,  bensene  or  chloroform. 
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For  the  determination  of  its  specific  rotation,  it  was  dried  at  the 
ordiuurj  tempemture  under  diminished  pressure  until  of  constant 
weight.    In  benzene  solution  : 

/ - 1,  c-  3-346,  aS  -  6-39%        - 191° 

This  value  rauaiiied  constant,  within  the  limits  of  experimental  error, 
when  the  add  was  submitted  to  a  further  crystallisation  from  light 
petroleum. 

The  Z^cidy  obtained  from  a  separate  resolution  of  100  grams  of  the 
r-acid  carried  out  on  the  lines  already  indicated^  had  the  rotation  in 
benzene  solution : 

i  - 1,  c  -  3-363,  a{?  -  6-43°,  [ajtf  - 19 1  -8° 
The  rotation  was  also  determined  in  chloroform  solution : 

/=l,c=  1-650,  air  -2-63^  [a]!,'-  -159-4°. 

Walden  gives  the  value  [a]n+ 107*9^  for  c/-phenylcbloroacetic  acid 
with  <;»5-33  in  chloroform  solution  {2kiUeh,  phytikal,  Cktm^  1S96» 
17,  706). 

Action  of  Water  on  \  Phenylchloroacetic  Acid, 

/-Phenylchloroacetic  acid  (0*85  gram)  was*added  to  30  c.c.  of  water, 
and  the  mixture  maintained  at  100^  with  occasional  shaking  for  one 
hour.  The  solution  was  then  extracted  three  times  with  ether,  and 
the  ethereal  solution  dried  with  sodium  sulphate.  The  resulting  acid 
(0*72  gram),  on  polarimetric  examination  in  ethyl<«lcoholic  solution, 
was  found  to  be  optically  inactiTe.  It  was  free  from  chlorine,  aod  had 
the  melting  point  of  r«mandelic  add.  The  aqueous  solution  from 
which  the  mandelic  acid  had  been  extracted  was  also  inactive. 

In  an  experiment  where  the  displacement  of  the  halogen  by  the 
hydroxy-group  took  place  under  different  temperature  eonditioni^  the 
result  was  similar.  /•Fhenylchloroacetic  add  (0*213  gram)  was  shaken 
at  the  ordinary  temperature  with  nearly  25  c.c.  of  water  for  about  five 
minutes,  at  the  end  of  which  time  all  the  acid  had  difsaolved.  A  little 
water  was  then  added  until  the  volume  of  tho  solution  was  25  c.c. 
The  rotation  observed  in  a  l-dcwi.  jacketed  tube  at  10"'  was  -  5'50'', 
fifteen  minutes  liaving  elapsed  before  the  temperature  had  l>ecome 
oonatant.  Since,  under  tiiese  conditions,  very  little  displacement  of 
tho  lialogen  takes  place,  tlie  value  [a]j;'  -  lCl-4°  may  accordingly  be 
taken  as  approximately  correct  for  the  specific  rotation  of  tho  acid  in 
iKjiieons  solution  for  <?  =  0-852.  After  twenty-four  hours  at  l.S"^,  the 
rotation  had  fallen  toai,  5  ()8'^ ;  after  forty-seven  horns  longer  s\t  13" 
to  -  4*54°  ;  after  thirty  hours  longer  at  13  '  to  --  4-27'^,  and  after  seven- 
teen hours  longer  at  13°  to  —416^.  After  fifteen  days  at  the 
laboratory  temperature,  the  rotation  had  diminished  to  -  O'di"",  Thia 
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soltttion  was  heftted  ftt  100^  for  two  hours,  evaporated  io  11  em.,  and 
then  exninioed  in  a  l-dcin.  tube,  when  no  rotation  was  observed. 

The  latter  experiment,  however,  was  carried  out  with  very  little 
acid,  and  we  liope,  by  working  with  larger  amounts  and  varying  the 
conditions,  to  obtain  a  slightly  active  mandelic  acid.  Whilst  racemi- 
sation  takes  place  to  such  a  large  extent,  it  is  of  particular  importance 
to  know  whether  the  resulting  product  of  the  displacement  of  halogen 
at  low  temperatures  may,  under  certain  conditions,  be  either  a  mixture 
of  r-  and  ^mandelic  acids  or  r-  and  <Z-niandelic  acids. 

The  ease  with  which  the  halogen  is  totally  displaced  in  Z-phenyl- 
chloroacetic  acid  in  the  experiments  quoted  is  striking  when  compared 
with  the  behaviour  of  /-bromosuccinic  acid  towards  water  as  studied 
by  Walden  (Ber.,  1899,  32,  1840).  Walden  found  that  from  10  grams 
of  the  latter  acid,  3  grams  were  recovered,  whilst  3  grams  of  fumaric 
acid  and  2  grams  of  a  mixture  of  and  /-malic  acids  were  formed.  It 
would  he  of  interest  to  find  out  whether  it  is  the  undteaociated 
phenylohloroncetic  acid  which  undergoes  hydrolytic  deoompositioiiy 
as  suggested  hj  Senter  (Trans.,  1907,  91,  460)»  in  the  case  of  chloro- 
acetic  acid. 

Ae^cn  nf  Water  on  Sodium  UPhmfflMiroaeeUUe, 

A  preliminary  cxperimpnt  sliowod  th.ittlie  halogen  is  displaced  very 
readily  and  completely  when  the  arpieous  solution  of  sodium  r-phonyl- 
chloroacetate  is  lieated  nt  I0(r  for  thirty  minutes.  AVater  (16  c.c.) 
wa.s  accordingly  added  to  0  852  gram  of  the  /-acid,  and  4  7  c.c.  of 
aqneous  l'06i\^  sodium  hydroxide  (the  calculated  amount)  added,  drop 
by  drop,  with  constant  shaking.  The  solution  was  heated  at  100"^  for 
thirty  minntee,  cooled,  and  made  up  to  25  c.c. ;  in  a  4-dcm.  tube,  the 
reading  ao  -  0  55°  was  observed.  It  must,  of  conrse,  be  clearly  under- 
stood that  this  activity  is  due  to  sodium  /-mandelate^  and  not  to 
unchanged  phenylchloroacetate.  The  mixture  of  r-  and  /-mandelic 
acids,  extracted  as  usual,  was  free  from  chlorine,  melted  at  112 — 119% 
weighed  0'$9  gram,  and  gave  the  following  rotation  in  eihjl>alcoholic 
aolntlon: 

/-I,  «-6-9,ao-0-83",[aJo  -5-6° 

When  the  sodium  salt  was  heated  with  water  in  more  dilute  solu- 
tion,- the  result  was  simiUir.  Water  (3  c.c.)  and  0*106^  aqueous 
sodium  hydroxide  (47*1  c.c.)  were  added  to  0*852  giam  of  the  /  acid  ; 
the  neutral  solution,  after  being  heated  at  100^  for  one  hour,  was 
levorotatory,  giving  an  -0'34°  in  a  4-dcm.  tube.  The  resulting 
mandelic  acid  mixture  melted  as  before,  and  had  [aji,  -  5'P  for  c  = 
6 -67  in  ethyl-alcoholic  solution. 

The  gradual  fall  in  rotation  caused  by  the  action  of  water  on  sodium 
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/-phenylchloroacetate  was  next  ex.iiiiined.  /-Pheo^  Ichloroacetic  acid 
(0  426  gram)  was  dissolved  in  23  6  c.c.  of  O  lOSiV  aqueous  sodium 
hydroxide,  the  calculated  amount  for  the  formation  of  the  sodium  salt. 
The  solution  was  made  up  to  25  c.c,  and  placed  in  a  jacketed  4-dcra. 
tube.  After  the  temperature  had  become  constant  at  10*5°,  thirty 
minutes  had  elapsed,  and  the  observed  rotation  was  then  -  9  64°. 
This  gives  [aYu^  -  125'4°  for  c=  1"924,  a  value  which  may  b©  taken  as 
approximately  correct  for  the  rotation  of  sodium  ^phonyichloroacetate 
in  water.  The  following  figures  show  the  gradual  iaLl  in  rofcation; 
alter  the  first  daj,  the  temperature  of  the  solution  was  pofemalntftfnsd 
constant : 


Time 

Time 

in  hours. 

in  hours. 

L 

If 

60| 
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11  •5* 

9-47 

10-5 

6-91 
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9-40  • 

10-5 

118^ 

4-00 

13  0 

6 

9-34 

10-6 

120^ 

8-96 

15-0 

6 

9-28 

10*5 

128i 

8*76 

17-0 

7 

9-21 
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147i 

2-98 

16  0 

8 

9*16 

10-5 

166i 

2*49 

16-0 

22 

8-32 

110 

171i 

2*86 

16-0 

25 

8-26 

10-0 

193^ 

1*96 

16  0 

26 

8 -23 

10-0 

215$ 

1-59 

160 

28i 
82^ 

8-06 

12-0 

2414 

1-86 

16*0 

7-86 

10-6 

297 

0*98 

16*0 

i 

7-16 

12-6 

308^ 

0-89 

160 

7-11 

10*6 

321i 

0*83 

16*0 

The  solution  was  6nally  heated  at  100°  for  one  and  a-half  hours. 
The  mandelic  acid  mixture  extracted  from  it  melted  at  113 — 119°, 
weighed  0*3  grai&t  and  had  [aJd  -6*9°  for  o«  1*164  in  ethyl-alcoholio 
solution. 

Action  o/Aqueout  Sodium  Uffdrorndt  on  Sodivm  l-jPAsnyloUbroaestofe. 

Water  (11  c.c.)  containing  a  drop  of  phenol phthalein  was  added  to 
0*85  gram  of  /-phenylchloroacetic  acid,  and  then  aqueous  sodium 
hydroxide  (l*06i^),  drop  by  drop,  at  the  ordinary  temperature.  The 
pink  colour  was  permanent  after  the  addition  of  4*7  c.c. ;  an  additional 
'  4*7  0.0.  was  then  added,  and  the  solution  immersed  in  water  at  70^; 
when  the  temperature  of  the  water-bath  bad  been  nosed  to  90%  the 
solution  became  odourless.  The  total  displacement  of  the  halogen 
took  place  under  these  conditions  in  three  minutes.  The  solution  was 
made  up  to  26  c.c.»  and  gave  ao  -  0*34^  in  a  4-dom.  tubsb  On  adding 
two  dfops  of  the  standard  alkali  and  heating  to  100^  for  tldi|j7 
minutes,  the  pink  colour  persisted.  The  solution  was  again  teoteo^^ 
polarimetrically,  and  found  to  be  toyorotatcrj.  It  was  acidified  by 
hydrochloric  acid,  and  the  mandelic  acid  extracted  as  usual  The 
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product  (0'59  gram)  was  free  from  chlorine,  melted  at  114 — 119°|  and 
gave  [a]„  -  4'25°  for  c  =  5-89  in  ethyl-alcoholic  solution. 

In  another  experiment,  the  displacement  of  the  halogen  was 
carried  out  under  different  conditions.  An  aqueous  solution  of  sodium 
/-phenylchloroacetate  was  prepared  from  0-853  gram  of  /-acid  as 
hefore.  The  addition  of  the  second  4-7  c.c.  of  alkali  was  carried  out 
during  eleven  aod  a-half  iioiirSy  the  alkali  being  added  in  quantities 
from  0'5 — 0*2  c.c.  at  a  time,  and  the  temperature  being  gradually 
raised  from  0^  to  100^.  After  baviog  been  maintained  at  100"  for 
thirty  minutee,  the  resulting  eolation  was  decolorised  by  the  addition  of 
two  drops  of  dilate  hydrochloric  acid,  made  up  to  39  cc,  and  examined 
in  a  4-dcm.  tabe.  It  had  —0*44°.  Bzcess  of  dilate  hydrochloric 
add  was  then  added,  and  the  mandelic  add  mixtare  extracted ;  yield 
0*65  gram.  It  mdted  at  112 — 116%  was  free  from  chlorine,  and  had 
[a]o  -  6*1^  for  c»6*52  in  ethyl-alcoholic  solution. 

Action  qf  Watei-  on  JSUver  l-PhmylcIUoroacelaU. 

^Phenylchloroacetic  acid  (0*85  gram)  was  dissolved  in  50  c.c. 
of  ilT/lO  aqoeoos  sodium  hydroxide,  which  had  previously  been  cooled 
at  OP,  and  50  cc  of  JT/IO  silver  nitrate  solution  added.  The 
prsdpitate  of  silver  salt  was  drained  off  at  once,  50  cc  of  water  were 
added  to  it,  and  the  mixture  shaken  at  the  ordinary  temperature  for 
thirty  minutes  and  then  allowed  to  remain  at  the  ordinary  temperature  ' 
for  twdve  hoars  with  occadonal  shaking.  The  halogen  is  displaced 
^-with  great  ease  under  these  conditbns.  The  residue  was  drained  off, 
washed  with  a  little  cold  water,  and  the  total  filtrate  extracted  with 
ether.  The  resulting  product  was  free  from  chlorine,  melted  at 
105 — 113°,  and  was  a  mixture  of  r-  and  (f-mandelic  acids.  A 
determination  of  its  specific  rotation  in  ethyl-alcoholic  solution  gave 
the  value  [a  ]„  +  24-7°  for  c  =  0-982. 

The  aqueous  filtrate,  from  which  the  precipitate  of  silver  salt  had 
been  witlidrawn,  deposited  silver  chloride  after  remaining  for  six  days 
in  tiie  dark ;  the  acid  extracted  from  the  solution  was  also  dextro- 
rotatory. 

Aciion  qf  HUvw  CarbmuUe  on  l-I^hmylddoroacelic  Acid, 

^Phenylchloroacetic  add  (1*7  grams)  was  dissolved  in  100  cc  of 
water  by  shaking  at  the  ordinary  temperature  for  two  minutes. 
Freshly-precipitated  silver  carbonate,  prepared  I  rem  3*5  grams  of. 

silver  nitrate,  was  gradually  added,  with  constant  shaking,  within  an 

interval  of  thirty  minutes.  The  solution  became  more  and  more 
turbul  as  tiie  silver  carbonate  was  added,  but  there  was  practically  no 
evolution  of  carbon  dioxide.    Tlie  contents  of  the  tlabk  were  then  con- 
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stantly  shaken  for  one  hour,  whuu  a  sliglit  evolution  of  was  noted . 
After  three  more  hours  at  the  ordinary  temperature,  the  mixture  was 
maintained  at  30^^  for  thirty  minutes,  then  at  40"^  for  thirty  minutes, 
and,  finally,  at  100-'  for  one  iiour  witli  occasional  shaking  throughout. 
To  the  cold  solution,  dilute  hydrochloric  acid  was  added  until  no 
further  precipitate  took  place,  and  Ihe  bolid  then  filtered  and  washed 
with  water.  The  filtrate  (110  c.c.)  was  dextrorotatory,  giving 
a,,  4-  in  a  4-dcm.  tube.    After  hfteen  hours  at  the  ordinary 

temperature,  the  solution  was  extracted  with  ether.    The  mandelic 
acid  mixture  was  free  from  chlorine,  melted  at  104 — 110^,  weighed 
0*75  gram,  and  gave  the  foUowtog  rotation  in  ethyl-aloohoUc  eolation  : 
/»4;  c«2-9U,  Op  +5*620,  ^^j^  ^^  fP. 

Cotivernon  t^l-Phet^fftMfroaeHie  Aeid  inio  l-Phen^mOhox^aetiie  Aeiii, 

A  preliminary  ex[)erinient  with  3  grams  of  r-phenylchloroacetic  acid 
(1  mol.)  showed  that  this  acid  readily  undergoes  complete  conversion 
into  r-phenylmethoxyacetic  acid  by  boiling  in  methyl-alcoholic  solution 
with  sodium  hydroxide  (2  mols.).  The  resulting  methoxy-acid  melted 
at  68—70°  whereas  McKenzie  (Trans.,  1899,  75,  753)  gives  69^^. 

/-Phenylchloroacetic  acid  (0'85  gram)  was  dissolved  in  30  c.c.  of 
methyl  alcohol,  a  drop  of  phenolphthalein  added,  and  then  18'8  c.c. 
of  methyl-alcoholic  sodium  hydroxide  (0*538 iV).  After  remaining  at 
10^  for  twenty-four  hours,  the  solution  was  boiled  for  thirty  minatM* 
A  little  dilute  hydrochloric  aeid  was  added  until  the  pink  colour  .was 
discharged,  and  then  3  cc.  of  dilate  hydrochloric  add  to  dinsolve 
the  solid  which  had  separated.  The  solution  (55  c.e.)  waslavorotatory, 
giving  —I'^V*  in  a  4-dcm.  tube.  An  additional  2  cc.  of  the 
standard  alkali  was  then  added,  and  the  solution  boiled  for  three- 
quarters  of  an  hour.  The  colour  was  not  discharged.  Dilate  hydro- 
chloric acid  was  added  until  the  solution  was  neutral,  the  bulk  of  the 
methyl  alcohol  distilled  off,  and  dilute  add  added  nntil  the  solid  had 
dissolved.  The  acid,  obtained  by  extraction  with  ether,  weighed  0*74 
gram ;  it  was  a  mixture  of  r-  and  /-phenylmethozyaoetic  aeids,  melted 
at  63 — 69%  and  gave  the  following  result  on  polarimetrieexaminatioD 
in  ethyl-alcoholic  solution : 

/  =  4;  c~2G74;  a,]  -2-63^;  [a],.  -240^. 

/-Phenylmethoxyacetic  acid,  prepared  by  the  alkylation  of  rmandclic 
acid  by  silver  oxide  and  methyl  iodide, has  [o]o  -  I5l'l'^forc«2-706*i 
•iu  ethyl -alcoholic  solution  (McKenzie,  loe.,cit,). 

The  halogen  was  entirely  eliminated,  since  the  above  product  waa 
free  from  clilorine. 

Tlie  displacement  was  next  carried  out  by  aid  of  a  methyl-alcoholic 
solution  of  sodium  methozide.   A  solution  of  1  gram  of  /-phenyl- 


DigitizecJ  by  Google 


CBTSTALLISATtON  OF  SODIUM  SULPHATE  SOLUTIONS.  825 


chloroaeeUc  acid  in  25  cc  of  mebhyl  alcohol  was  added  to  a  aolotion 
of  0*3  gram  of  aodium  in  50  cc.  of  methjl  alcoboL  The  temperatiire 
of  the  aolotion  was  matntatned  for  one  hour  at  lb"*,  then  for  one  hour 
at  35%  then  for  one  hour  at  40"^,  then  for  one  hour  at  50°,  then  for 
four  hours  at  60°,  and,  finally,  at  the  boiling  point  of  the  solution 
for  one  hour.  After  sixty  ho\irs  at  the  laboratory  temper  at  uro,  l»ydro- 
chloric  acid  was  added,  and  the  methyl  alcoliol  distilled  otT.  Water 
was  added  to  dissolve  the  residue,  and  the  solution  extracted  with 
ether.  The  resulting  mixture  (0'9  gram)  melted  at  56 — 58*^,  and 
again  consisted  of  the  r  aud  /-methoxy -acids.  A  determination  of 
its  BpeciHo  rotation  in  ethyl-alcoholic  solution  gave  the  result : 

/-4;  c«3-5184;  a„  -5-46°;  [a]i,  -386^ 
The  acid  mixture  was  free  from  chlorine. 

The  action  of  different  haees  on  optically  active  phenyl-halogen-acetic 
acide  ie  at  present  under  investigation. 

BiKKDICK  COLLBOB, 

LOVDOK,  E,0. 


LXXV. — The  Spontaneous  Crystallisation  of  Sodium 

Sulphate  Solutions, 

By  Hakou)  Hartley,  Bekna&d  Mouat  J  ones  and  G£obg£ 

Adrian  Hutghinson. 

A  REGENT  paper  by  do  Coppet  on  supersaturated  solutions  (Ann, 
Chim,  Phy§.  1907,  [viii],  10,  457)  contains  an  account  of  ezperi- 
ments  which  have  extended  over  a  period  of  thirty  years  on  the 

spontaneous  crystallisation  of  sodium  sulphate.  The  general 
result  of  his  work  was  to  show  that  the  average  time  which 
elapses  before  a  supersaturated  solution  crystallises  spontaneously 
de2)ends  mainly  on  the  extent  to  which  it  has  been  cooled  below 
the  temperature  at  which  it  is  saturated.  He  found,  for  example, 
that  in  the  case  of  a  solution  saturated  with  respect  to 
NaoS04,7H5,0  at  17  4°,  the  average  time  required  for  crystallisa- 
tion to  begin  at  5*5°  was  17  days,  and  at  9*5°  27  5  days,  dc 
Coppet  was  thus  led  to  conclude  that  the  tendency  to  crystallisation 
increases  regularly  with  fall  of  temperature,  and  that  there  is  no 
sudden  change  in  the  properties  of  a  sujKrsaluiated  solution  as 
its  temperature  is  lowered.  This  view  is  fiirectly  opposed  to  the 
results  of  Miers  and  Miss  Isaac  (Trans  ,  1906,  89,  413,  and 
iVoo.  Ho!/,  *Soc.^  Id07,  79,  .1,  322)  and  of  Hartley  aud  Jhomas 
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(Traus,,  1906,  89,  1016),  who  found  that  a  number  of  super- 
saturated solutions  crystal  I  ise  spontantoucly  at  utliuite  temperatures 
if  they  are  shaken  and  subjected  to  mechanical  friction. 

de  Coppet  worked  with  solutions  containing  39  9,  40'7,  and  43'6 
grams  of  anhydrous  sodium  sulphate  in  100  grams  of  water,  and 
his  exjieriments  were  thus  limited  to  a  small  part  of  the  solubility 
curve;  the  present  investigation  was  undertaken  with  the  view  of 
studying  a  wider  range  of  concentration  under  various  conditions 
in  the  hope  that  further  work  might  explain  the  discrepancj 
between  the  two  sets  of  observations. 

Four  solid  phases  may  separate  out  from  a  solution  of  sodium 
sulphate  under  different  conditions,  namely,  crystals  of  ice,  of 
Na2SO4,10H2O,  of  NaoSO^jTHgO,  and  of  anhydrous  Na^SO^;  we 
have  succeeded  in  tracing  the  supersolubiiity  curve  (that  is,  the 
curve  giving  the  temperature  of  spontaneous  crystallisation  for 
tupenaturated  solutions  of  various  strengths)  for  three  of  the 
four  phases,  but  in  the  case  of  the  stable  hydrate  NagSOfylOfigO 
we  could  find  no  definite  relation  between  the  occurrence  of 
crystallisation  and  the  temperature  and  oonoentration  of  the 
solution. 

The  method  used  was  the  same  in  all  experiments.  Weighed 
amounts  of  NtkfiO^lOBfi  (Merck)  and  distilled  water  were 
sealed  up  in  small  glass  tubes  (the  weight  of  solution  varied 
from  0'6  to  10  grams),  and  these  were  then  warmed  to  a  tempera- 
ture at  which  all  the  solid  would  dissolye  and  shaken  until  all 
traces  of  crystals  has  disappeared.  The  teiiq»eratnre  of  the  tube 
was  then  slowly  raised  or  lowered  with  constant  shaking  until 
crystallisation  occurred.  As  the  experiments  of  Mien  and  Miss 
Isaac  have  shown  that  mechanical  friction  has  an  important 
influence  in  starting  crystallisation,  either  fragments  of  glass  or 
platinum  tetrahedra  or  garnets  (the  crystalline  form  of  which  is 
not  related  to  that  of  any  of  the  substances  that  might  crystallise) 
were  sealed  up  in  tubes,  and  it  was  found  that  the  presence  of 
these  solids  during  shaking  certainly  made  the  results  more 
definite,  and  usually  diniinisLed  the  amount  of  supersaturation 
required  to  start  crystallisation.  The  thermometers  used  in  these 
experiments  were  graduated  in  fifths  or  tenths  of  a  degree,  and 
were  standardised  by  means  of  thermometers  with  Reichanstalt 
certificates. 

Crystallisation  of  Ice. — In  this  series  of  experiments  the  tubes 
were  kept  in  a  beaker  of  xylene,  which  was  cooled  by  a  freezing 
mixture  of  ice  and  salt,  separated  from  it  by  an  air-jacket.  In 
this  way  it  was  possible  to  lower  the  temperature  gradually,  and 
to  keep  it  constant  for  as  long  as  was  necessaiy,  the  xylene  being 
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stirred  by  means  of  a  small  motor.  It  was  found  that  the  forma- 
tion of  ice  depended  to  some  extent  on  tlie  violence  of  the  shaking, 
and  the  results  recorded  were  obtained  by  cooling  the  tube  slowly 
in  the  bath,  quickly  removing  theui,  nnd  giving  one  violent  shiike. 
The  time  taken  was  so  short  that  the  temperature  of  the  con- 
tents of  the  tubes  could  not  have  altered  appreciably,  aiul 
the  results  in  successive  experiments  agreed  to  about  I)  1°.  Miers 
and  Miss  Isaac  found  that  in  tubes  containing  garnets,  water 
crystallised  spontaneously  at  -  0*4".  The  highest  temperature  at 
which  we  observed  the  formation  of  ice  crystals  in  pure  water 
was  —  0*5°.  The  temperatures  at  which  ice  crystallised  on  cooling 
dilute  solutions  of  sodium  sulphate  are  given  in  table  I  and 
are  plotted  in  Fig.  1. 

Table  I. 

,  Parts  of  aiiliydroufj  Tcmi>crature 


Grains  of  Na^SU^m  of  cryitalliaa* 
Ka^O4,10H.p,      Gmma  of  water.  100  parts  cif  water,  tionofice. 

—  —  0-0  -0-6° 

0-0911  4-0085  0-99  -0-9 

0-1017  l-t>702  2-59  -IS 

0-9402  2*8888  6-0$  -2*8 

0-5182  T9221  10-33  -3 '5 

0-4657  1-4822  11-79  -3-8 

0-5489  1-4196  14  03  -4-5 

0-6988  1-2830  18  42  -60 

0-  5979  0-8709  -21-89  -5-7 

1-  1338  1-5165  23*26  -57 
0*9286  1*0949  26*39  >6*2 


The  supersolubility  curve  for  ice  runs  nearly  parallel  to  the 
freezing-point    curve,    meeting    the    supersolubility    curve  for 

Na-jSO^JH-.O  at  about  —6°,  giving  rise  to  a  point  similar  to  that 
for  which  Miers  and  Miss  Isaac  have  proposed  the  nuiiie  "  hyper* 
tectic  point  "  in  their  work  on  mixtures  of  salol  and  betol. 

Crystallisdf ion  <>j  Xa^SOpTlIoO. — The  heptaliydiate  is  less  stable 
than  the  dccahydraU',  and  in  accordance  with  Obtwald  s  law  of 
successive  reactions  it  is  nearly  always  prodticed  in  the  spon- 
taneous crystallisation  of  solutions  which  yield  a  liydrated  salt. 
The  temperature  of  spontaneous  crystallisation  was  very  definite 
in  this  case,  and  it  was  not  changed  by  violent  shaking,  as  in  the 
case  of  ice.  Continued  gentle  shaking  in  a  bath  with  the  tempera- 
ture  falling  about  one  degree  in  twenty  minutes  produi.cd  a 
sudden  shower  ol  small  crystals  at  a  delinite  temperature,  which 
never  varied  more  than  0'2°  in  successive  experiments.  The 
results  are  given  in  tabic  II,  and  the  regularity  with  which 
crystallisation  occurs  is  shown  by  the  supersolubility  curve  for 
KaaS04,71J.O  in  Fig.  1. 

VOTi.  XCIIL  3  I 
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Tablk  ll. 


Oiiiuis  of 

Na.,.f504  in 

eryatallisat 

u,SO^,10ll,O. 

Gr;iiub  ol"  water. 

100  i»Hi  ts  ol  water. 

N8.^04,7I 

0-9285 

1-0949 

25-39 

-6-9° 

0*9486 

1-0799 

25*99 

-6*8 

1-2814 

1-2777 

28*47 

-3-6 

0-»752 

0-8794 

80-23. 

-1-4 

1-3844 

1  -1280 

82*19 

0-2 

4-2iH2 

3-2854 

33-30 

10 

1-J421» 

0-9112 

34-15 

1-9 

0-6512 

o-4at>4 

35-90 

3  0 

0*8903 

0-2560 

86*81 

8*0 

4-3i»72 

2-«3750 

87*79 

4-8 

0-9031 

O-'ll  1 

88-10 

6-9 

1-6511 

40-28 

7-8 

1-1397 

0-5286 

43-13 

8-9 

2 '01 92 

0-8196 

44-09 

10-1 

2-7508 

1-0815 

46-33 

11  9 

1*7428 

0-6010 

48*80 

14*1 

1-5570 

0-5150 

49-60 

14-5 

7*5320 

2*2578 

57*86 

15*3 
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The  supersolubility  curve  runs  nearly  parallel  to  the  aolubility 
curve,  and  cuts  the  ice  curve  at  about  —6°,  a  solution  containing 
25'4  parts  of  anhydrous  salt  per  100  of  water  crystallising  in  one 
experiment  as  Ns^SO^J'Hfi  at  —5*9^,  and  in  anQther  as  ioe 
at  -6-2°. 

Ctystallisation  of  Anhydrous  Sodium  Sulphate, — ^Above  32*5°, 
tbe  anhydrous  salt  is  the  most  stable  form  of  sodium  sulphate,  and, 
since  its  solubility  decreases  with  rise  of  temperature,  a  saturated 
solution  free  from  crystalline  nuclei  must  be  heated  instead  of 
cooled  in  order  to  produce  spontaneous  crystallisation.  It  was 
found  that  solutions  of  different  concentrations  crystallised  at 
definite  temperatures  when  warmed  and  constantly  shaken;  the 
egperimental  results  aie  given  in  table  m  and  plotted  in 
Fig.  2,  from  which  it  will  be  seen  that  the  supersolubilitgr  onrve 

i  iu.  2. 

5+ 


SO 


i 


40 


— /o  3^ 

1 

— 

la 

f  ^-  — .  4 

f/ 

2(f  AT 
T«fiip«raturt 


40'  SO? 


60' 


70* 


I*       00*  100* 


of  the  anhydrous  salt  gradually  approaches  its  solubility  curve  as 
the  temperature  rises.  Tlie  occurrence  of  crystallisation  is  not  so 
immediately  obvious  in  this  case,  owing  to  the  abnormally  slow 
adjustment  of  equilibrium  in  the  case  of  crystals  the  solubility  of 
which  has  a  negative  temperature-ooelficient.  This  accounts  for  the 
fact  that  the  supersolubility  determinations  do  not  lie  on  such  a 
regular  curve  as  in  the  two  previous  cases. 


Table  III. 


Toniii*'! atiiie  of 


Grams  of 

NasiSO^in 
100  p«rt8  of  water. 

cry6tuIiii>aiiou 

Na,SO^10HaO. 

Groins  of  water. 

of  Nc^S04. 

1'1807 

0*6286 

43-13 

97-8" 

1*2278 

0-5669 

•13  2 1 

97-6 

2-01 9-.^ 

0-8916 

44-09 

04-0 

2 -7 1:21 

1-1009 

45-70 

86-4 

27508 

1-0815 

46-33 

81-7 

2*8059 

0-8707 

47 -09 

80-0 

17423 

0-aoio 

4S-80 

69-8 

1*6811 

0*6874 

49-66 

65-8 

2-8267 

0-9046 

50-1 H 

01 -.J 

80410 

0-9347 

50  91 

tiO-7 

a '3048 

0-9998 

51-20 

56-7 

a  1  2 
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Some  doubt  was  at  first  thrown  on  tlic  significance  of  these  deter- 
minations by  the  fact  that  some  tubes  which  were  not  shaken  continu- 
oubly  dutint^  heatinp^  crystallised  at  lower  temperatures  than  those 
recorded,  but  Ibis  was  found  to  l)c  due  to  crystallisation  taking 
place  in  the  thin  film  of  solution  adhering  to  the  glass.  When  the 
tube  was  not  shaken,  the  glass  was  heated  l)efore  the  bulk  of  the 
solution,  and  the  thin  him  adhering  was  thus  caused  to  evaporate 
aud  its  concentration  was  raised.  This  led  to  the  crystallisation  of 
an  unstable  variety  of  tlie  salt  (whctlicr  anhydrous  or  not  could  not 
be  deteriiiined).  The  crystals  were  apparently  orthorhonibic 
needles,  which,  in  contact  with  the  solution,  were  observed  to  change 
into  rhombic  ootahedra  of  the  stable  fomi,  whicli  acto<l  as  nuclei  for 
further  growth.  This  never  took  phue  in  the  tubes  which  were 
shaken,  and  this  fact  seems  to  emphasise  the  necessity  of  keeping 
the  conditions  of  the  solution  uniform  by  constant  agitation. 

Solutions  which  contained  no  solid  tended  to  pass  over  into  the 
labile  condition  without  crystallising,  and  did  not  give  such  regular 
results  as  those  which  were  shaken  with  fragments  of  glass,  garnet, 
or  platinum.  In  tlie  case  of  one  tube,  at  concentration  50'95  con- 
taining no  solid  matter,  crystallisation  was  obsemed  to  take  place 
at  62*5°  in  one  ease  and  at  77*5^  in  another,  whereas  a  similar 
solution  containing  platinum  tetrahedra  crystallised  at  60'7^. 

CrystaUimtion  of  Na2SO4,10HjO. — ^When  solutions  containing 
50  parts  of  Na^SO^  per  100  of  water  are  cooled,  the  form  of  the 
solubility  curves  for  the  two  hydrates  Na2S04,7H20  and 

Na^SOAaOHjO 

indicates  that  either  might  crystallise.  de  Coppet  very 
rarely  observed  the  spontaneous  formation  of  the  deca]iydrate«  and 
in  our  experiments  it  seldom  occurred  unless  a  solution  was  rapidly 
cooled  below  - 10^ ;  in  about  90  per  cent,  of  the  crystallisationa, 
Na2S04,7H20  was  produced.  The  crystallisation  of  the  deca- 
hydrate  showed  no  regular  connexion  with  the  temperature  and 
concentration  of  the  solution.  Whereas  with  ice,  Na2S04,7ILO,  or 
Na^SOf  we  could  predict  successfully  when  crystallisation  would 
take  place,  the  crystallisations  of  Na.SO|,10H2O  seemed  to  be  sub- 
ject to  no  laws.  For  instance,  a  tube  containing  35*9  parts  of  Ka^SO^ 
per  100  parts  of  water  crystallised  sixteen  times  between  3^  and  -  6** 
as  the  heptahydrate  and  once  as  the  decahydrate,  and  on  leaving 
it  for  some  days  at  the  room  temperature  it  again  crystallised  as 
the  decahydrate. 

The  existence  of  a  definite  supersolubility  curve  for  the  unstable 
hydrate  and  the  lack  of  any  definite  relation  in  the  case  of  the 
stable  hydrate  indicates  that  tlie  di.ssolved  salt  in  a  stronj;  solution 
is  more  closely  related  to  the  heptahydialc  than  iu  the  dcca- 
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hydrate.  It  seems  as  if  there  are  hydrated  molecules  in  solution 
ready  to  build  up  nuclei  of  the  lie[tt  a  hydrate,  but  not  of  the  deca- 
hydrate,  and  the  study  of  similar  cases  may  throw  some  further 
light  on  the  state  of  the  dissolved  salt  in  stronfj^  solutions.  It  is  a 
strikiiif;  fact  that  one  hydrate  should  stand  in  such  direct  relatio;i 
to  the  supersaturated  solution  while  the  other  should  not. 


Diseuition  of  Re8fdt$, 

The  preceding  results  are  based  on  about  800  ezperimentSy  in 
about  hi^lf  of  which  spontaneous  crystallisation  took  place,  so  that 
the  number  of  observations  should  be  sufficient  to  avoid  the  possi- 
bility of  any  accidental  coincidence.  Except  for  experiments  with 
Na2SO4,10H2O,  the  results  obtained  lie  on  fairly  regular  curves,  and 
they  define  completely  the  metastable  and  labile  conditions  in  the 
system  sodium  sulphate-water  under  atmospheric  pressure.  Thus 
inspection  of  the*  solubility  and  supersolubility  curves  for  the  solu- 
tion containing  43' 13  parts  per  100  parts  of  water  shows  that  it  is 
unsaturated  at  any  temperature  between  30'6^- and  SrS**,  if  heated 
to  97*8^  and  shaken,  it  deposits  crystals  of  the  anhydrous  salt,  if 
cooled  to  8*9^  it  produces  the  hepta hydrate. 

Our  experiments  afford  additional  evidence  that  supersaturated 
solutions  show  an  abrupt  change  as  regards  their  liability  to  crys- 
tallise when  their  temperature  is  varied,  and  they  are  inconsistent 
with  de  Coppet's  conclusion  that  "le  passage  de  T^tat  labile  a 
I'tet  mdtastable  se  fait  par  d*.gr%s  intetmbU  et  non  pas  brusque- 
ment  *'  (loc.  cif  .,  p.  592).  The  difference  between  the  two  results 
may  he  partly  explained  by  the  different  way  in  which  the  experi- 
ments were  carried  out.  de  Coppet  investigated  only  a  small 
range  of  concentration,  and  his  tubes  were,  for  the  most  part, 
unshaken  and  did  not  contain  any  solid  to  produce  friction.  His 
oxperinK  iits  were  made  with  the  object  of  discovering  how  far  time 
plays  a  part  in  the  occurrence  of  crystallisation  in  a  supersaturated 
solution  at  different  temperatures,  and  his  results  are  always  ex- 
pressed in  days,  the  mean  time  taken  by  his  solutions  to  crystallise 
being  rarclv  less  than  one  day.  The  experiments  recorded  lierc 
(and  also  tliose  of  Miers  and  Miss  Isaac  and  of  Hartley  and 
Thomns)  were  made  with  the  object  of  discovering  the  conditions 
under  whicii  a  solution  will  invariably  crystallise  in  the  course  of 
a  few  minutes.  The  two  sets  of  oliservations  do  not  really  differ 
as  much  as  might  be  expected,  and  it  is  not  impossible  to  reconcile 
botli  with  the  theory  of  tiie  metastable  state. 

With  a  solution  containing  43  i>  grams  of  Ka^^f  in  100  grams 
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of  water,  de  Coppet  found  that  vpontuiecnu  eryitalUnftbu  took 

place  only  twice  in  twenty  tubes  in  thirty  years  at  a  tempermbare 
of  13  4°;  below  this  temperature,  crystallisation  takes  place  at  more 
fiequent  intervals.  The  curve  on  p.  828  shows  that  in  our  experi- 
ments crystallisation  always  took  place  at  9  5°,  the  solution  being 
saturated  with  Na^SO^THoO  at  19*3°  Again,  with  tubes  con- 
taining 37'7  grams  of  salt  per  100  of  water,  de  Coppet  once  in 
thirty  years  observed  a  crystallisation  at  121°;  in  our  experiments, 
crjrstallisation  always  took  place  at  about  6"5°. 

It  looks  as  if  too  rigid  an  interpretation  had  been  put  on  the 
significance  of  the  supersolubility  curve,  and  that  with  long  periods 
of  time,  over  which  the  observations  of  de  Coppet  extended,  crys- 
tallisation may  take  place  within  the  metastable  region,  and  in  the 
theory  put  forward  by  Hartley  and  Thomas  {loc.  cit.)  to  account 
for  the  existence  of  a  metastable  region  a  possibility  was  omitted 
which  may  account  satisfactorily  for  both  sets  of  results.  The 
existence  of  metastable  region  was  supposed  to  be  due  to  the 
increased  solubility  of  the  small  crystals  which  are  the  first  pro- 
ducts of  spontaneous  crystallisation.  The  supersolubility  curve  was 
supposed  to  represent  the  solubility  of  these  first  products  of 
orystalHsation.  But,  as  the  solute  molecules  must  possess  varying 
amounts  of  kinetic  energy,  molecules  which  are  in  a  condition  to 
unite  to  form  a  crystal  structure  must  often  meet  while  a  sofution 
is  still  in  a  metastable  state.  It  was  previously  assumed  that  under 
these  conditions  such  a  nucleus,  being  in  an  unsaturated  solution, 
would  dissolve  again.  But  a  molecular  encounter  might  ooca> 
sionally  take  place,  which  would  suddenly  produce  a  smidl  crystal 
of  such  a  siie  that  its  solubility  would  be  less  than  the  strength  of 
the  solution  in  which  it  was  situated,  and  in  this  case  crystaUisation 
would  occur  in  the  metastable  region.  The  more  nearly  the  con- 
ditions approximated  to  those  represented  by  the  supersolubility 
eunre  the  more  frequently  this  would  happen  (as  de  Coppet's  experi- 
ments  actually  show).  But  this  possibility  does  not  <i^w*itijff||  the 
significance  of  the  distinction  between  metastable  and  labile  states, 
as  the  evidence  tends  to  show  that  these  chance  crystalHsations 
occur  very  rarely  before  the  metastable  limit  is  reached,  at  which  point 
orystallisation  always  takes  place  under  suitable  physical  conditions. 

de  Coppet  disregards  the  increased  solubility  of  small  crystals, 
and  tries  to  explain  the  postponement  of  spontaneous  crystal! isa 
tion  in  a  supersaturated  solution  as  due  solely  to  the  time  which 
elapses  before  the  occurrence  of  the  particular  molecular  encounter 
which  can  give  rise  to  a  crystalline  nucleus.  If  this  were  the  only 
circumstance  affecting  crystallisation,  then  any  supersaturated  solu- 
tion ought  to  crystallise  if  kept  long  enough,  but  de  Coppet  himself 
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found  that  a  considerable  degree  of  supcrsaturation  could  be  main- 
tuned  for  thirty  years  without  crystallisation  taking  place. 

Summary, 

1.  It  has  been  shown  that  supersaturated  solutions  of  sodium 
sulphate  freed  from  crystalline  nuclei  crystallise  at  definite  tem- 
peratures when  subjected  to  mechanical  friction. 

2.  Supersolubility  curves  have  been  traced  showing  the  conditions 
under  which  ice,  Na2S04,7H20,  and  Na^SO^  are  formed  spon- 
taneously from  sodium  sulpliate  solutions. 

3.  The  spontaneous  crystallisation  of  Na .SO^JOIToO  is  of  rare 
occurrence  as  compared  with  that  of  NaoSO^JFToO,  and  it  is  found 
to  bear  no  definite  relation  to  the  temperature  and  concentration 
of  the  solution. 

PnTSlCAL  ClIRMTSTRY  TMroRATOIlY,  QOVBRNMP.VT  COLLKAa, 

Balliol  CoLLF.  n:  and  TRINITY  CoLLKOE,  Lahojik,  * 

Oxford.  .  India. 


LXXVI. — The  Existence  in  Aquemis  Solutions  of  a 
Univalent  Cadmium  Ton,  a  Submlent  Tliallium 
Ion,  and  a  Bivalent  Bisuiath  Jon. 

By  HbnrtQeorob  Dbrham,  M.A.,  M.Sc.,  1851  Exhibition  Scholar, 

University  of  Hew  Zealand. 

In  a  recent  paper  by  Donham  and  Allmand  (this  vol.,  p.  424),  certain 
anomalous  results  were  obtained  in  attempting  to  measure  the  hydro- 
lysis of  lead  salts  l»y  the  use  of  thehydi  ogen  electrode,  and  these  could 
be  satisfactorily  explained  only  by  the  assumption  that  the  bivalent 
lead  ion  is  reduced  to  the  univalent  state  in  the  surface  film  of  the 
electrode.  This  conclusion  was  furtlier  tested  by  carrying  out  a 
"circulation"  experiment,  wherein  a  hot  solution  of  load  acetate  has 
been  circulated  over  granulated  lead  for  some  days  in  order  to  obtain 
a  cumulative  effect ;  for  a  description  of  the  apparatus,  the  original 
paper  must  be  consulted.  After  a  few  days,  definite  metallic  crystals 
i?€ve  observed,  separating  out  at  the  bottom  of  the  column  of  lead. 
An  analysis  of  these  has  since  been  carried  out,  and  the  percentage  of 
,  lead  was  found  to  be  99*8.  The  low  value  is  undoubtedly  due  to  super- 
ficial oxidation  of  the  crystals  after  their  removal  from  tlic  apparatus. 
It  may  be  mentioned  that  the  percentage  of  lead  in  the  lowest  oxade  of 
lead  (Pb|0)  is  96-3. 
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Tho  separation  of  these  crjrBtals  might  conceivably  be  due  to  the 
formation  in  the  hot  limb  of  a  coraplez  anion,  with  a  reversal  of  the 
reaction  in  the  cold,  but  this  view  cannot  be  reconciled  with  the 
results  obtained  with  the  hydrogen-electrode,  wherein  it  was  proved 
that  a  redaction  takes  place  with  the  oonssqnent  production  acid. 
The  fact  that  both  series  of  experiments  were  carried  out  in  the 
absence  of  oxygen,  excludes  the  possibility  of  such  an  ion  as  Pb*^ 
causing  the  phenomenon.  Thus,  the  only  explanation  which  appears  to 
satisfy  the  results  of  both  sets  of  experiments  is  that,  under  certain 
conditions,  the  bivalent  lead  ion  may  be  reduced' to  a  univalent 
state. 

Pk«cisely  similar  remarks  apply  to  the  metals,  cadmium  and  thallium, 
the  experiments  with  which  will  shortly  be  described,  but  in  the  case 
of  bismuth  the  hydrogen-electrode  was  not  used  to  test  the  reduction. 
However,  the  absence  of  air  in  the  <*  circulation  "  experiment  at  least 
excludes  the  view  that  such  an  ion  as  Bi^  causes  the  separation  of 
crystals. 

A  ready  method  for  demonstrating  tlio  separation  of  lead  crystals 
from  solutions  of  load  salts  lies  in  tho  use  of  reduced  lead.  If  a  hot 
solution  of  lead  chloride  bo  poured  on  a  quantity  of  this  finol)^-dividod 
powder  and  nllowed  to  cool,  niai^y  bright  crystalline  faces  of  metallic 
load  may  he  seen  scattered  over  the  surface  of  tiie  lieavy  powder.  Tho 
effect  is  even  better  when  a  few  pieces  of  grannlatod  lead  project  above 
the  bulk  of  the  reduced  metal.  Crystal  spikes  grow  from  the  corners 
of  the  massive  metal,  and,  in  conjunction  with  the  experiments  described 
previously,  demonstrate  the  equilibria  : 

PbClj,  +  Pb  -t  2PbCl 
Pb'*+Pb5:^2Pb-. 

This  experiment  is  extremely  suitable  as  a  lecture  experiment  to  show 
the  presenoe  of  a  univalent  lead  ion. 

If  a  hot  solution  of  lead  nitrate  is  used,  exactly  similar  crystals 
appear,  but  it  is  advisable  not  to  heat  the  solution  too  strongly  or  the 
presence  of  insoluble  salts  may  mask  the  effect. 

Univalent  Cadmium  Ion. 

Nothing  is  known  of  any  solid  sub-salt  of  cadmium  with  the  excep- 
tion of  the  suboxide,  the  existence  of  which  was  first  established  by 
TVmatar  and  Levin  (J.  RuM,  .Fhy$.  Chem.  Soc,,  1902,  34,  490)  and 
recently  confirmed  by  Brislee  (IVans.,  1908,  93,  154). 

The  formation  of  a  univalent  ion  of  cadmium  has  been  tested  by 
carrying  out  a  **  circulation  **  experiment  of  the  type  described. 

In  this  experiment,  as  well  as  in  all  succeeding  ones,  the  column  of 
metal  in  the  hot  limb  was  always  broken  into  short  sections  in  order 
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to  prevent  any  possible  thermo-eomntB  that  might  cause  the 
deposition  of  metal.  The  metal  was  granulated,  whilst  the  add 
solution  used  xrss  4-molaronormal  with  reqieet  to  cadmium  sulphate. 

After  forty  hours,  the  lowest  section  of  the  column  was  found  to  be 
thickly  coated  on  the  glass  with  a  large  number  of  beautiful  fem*]ike 
crystals.  On  introducing  a  piece  of  cadmium  into  the  top  of  the  cold 
condenser,  crystals  soon  began  to  grow  from  its  corners.  The  same 
peculiar  case  of  supersatnration  therefore  occurs  as  was  noticed  in  the 
case  of  lead.  The  reduction  of  the  bivalent  to  the  univalent  ion  takes 
place  in  the  hoi  limb  with  absorption  of  heat,  and  one  wouM  expect  the 
action  to  reverse  spontaneously  in  the  coUl  limb  with  the  deposition  of 
metallic  cadmium.  But  this  only  occurs  in  contact  with  the  metal, 
and  at  the  ordinary  temperature  a  solution  may  contain  far  more 
univalent  ion  than  corresponds  with  an  equilibrium  condition  unit  es 
cry.stallisation  is  induced  by  the  introduction  of  a  nucleus.  T^>ose 
(Zeilsdi.  J'Jleklrochem.,  1908,  14,  8'))  has  recently  comnionleU  on  a 
similar  phenomeoon  in  the  Au'**      Au*  equilibrium. 

The  crystalline  cadmium  was  easily  removed  from  the  granulated 
metal  which  it  enclosed,  and,  after  washing  and  drying,  was  found  to 
weigh  4*5  grams.  This  represents  the  yield  from  a  five  days* 
experiment.  It  is  evident  that  if  the  experiment  is  begun 
with  sufficiently  pure  materials  the  resulting  crystalline  metal 
must  be  of  very  great  purity,  for  the  two  main  factors  in  securing 
a  good  yield  are  a  large  metallic  surface  and  a  high  ionic  concentration. 
Thus  it  is  extremely  unlikely  that  any  impurity  would  be  present  both 
in  the  ionic  and  metellio  states  in  sufficient  quantity  to  display  any 
tendency  to  form  an  ion  of  lower  electrovaleney.  The  methoid  there- 
fore appears  applicable  for  securing  very  pure  specimens  of  certain 
metals  for  atomic  weight  determinations. 

An  analysis  of  some  of  the  deposited  crystals  gave  the  following 
result :  0*6303  gram  of  the  metel  was  converted  into  the  sulphate, 
and  weigiitnl  as  such.  The  cadmium  contained  in  this  salt  amounted 
to  0  6  30 6  gram 

Svbmlmit  Thallium  Ion 

The  apparatus  contained  granulated  thallium,  and  a  tenth  lionual 
solution  of  thallous  sulphate.  After  two  days,  small,  but  dolinito, 
crystals  began  to  grow  on  the  surface  of  the  metal  in  the  bottom 
section,  and  these  crystals  increased  steadily  in  sizo.  As  in  tlie 
previous  cases  of  lead  and  cadmium,  this  result  is  best  explained  by 
assuming  the  reaction  : 

Tl'+Tl  ^  Tl^*. 
'  Tl^SO,  +  2T1  TI4SO4. 
Previously  nothing  has  been  known  of  any  ion  of  thalliuoi  lower 
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than  the  univalent,  but  this  experiment  shows  that  in  all  probability 
a  subvalent  ion  (Tl^*)  exists  in  solntion,  and  it  is  probable  that  in  this 
we  must  look  for  an  explanation  of  the  action  of  light  on  the  haloid 
salts  of  thallium.  It  has  long  been  known  that  these  salts  darken 
under  the  notion  of  light  (compare  Kuhlmann,  Bull.  Soc.  chim.y  1864, 
[ii],  1,  330 ;  Buchner,  iSUzungtber.  K.  Akad.  Wien,  1865,  [ii],  62,  644, 
and  Hebberling,  AmnaUn,  1865,  134,  11).  Now  Lathor  (MM. 
phjfmkai.  Cktm,,  1899,  30,  628)  has  brought  forward  strong  eyidence 
that  the  colour  change  of  stiver  halides  under  the  action  of  light  is  due 
to  the  formation  of  coloured  sub-salts,  and  Bose  has  continued  the  work 
by  demonstrating  the  existence  of  a  subvalent  silver  ion  in  :u|uoous 
solution. 

The  existence  off  such  a  salt  as  Tl^SO^  in  solution  renders  it  probable 
that  the  action  of  light  produces  a  similar  effect  on  the  thallons 

halides  as  it  does  on  silver  halides  ;  the  darkening  on  exposure  to 
light  would,  on  this  assumption,  be  due  to  the  formation  of  coloured 
sub-halidea  of  thallium  (TljOl,  itcc.). 

BifxUmU  Biamvih  Ion. 

Numerous  worker.*?,  among  whom  may  he  mentioned  Schoeider 
(Pogg.  Ann.,  1855,  96,  130),  Weber  (ihuL,  1859,  107,  596),  Heinz 
{ibid.,  1844,  63,  55),  and  Berthelot  \j.  Pfiarm.,  1828,  14,  616)  claim 
to  have  prepared  compounds  of  bivalent  bismuth,  but  in  no  case  has 
the  resulting  product  been  proved  to  be  the  pure  substance.  Some 
years  ago  Twiuttar  (ZeitacJi.  anorg.  Chem.y  1901,  27,  437)  brought 
forward  strong  evidence  in  favour  of  the  existence  of  bismuth  sub* 
oxide,  whilst  Brislee  {loo,  eit.)  has  recently  confirmed  his  conclusions. 
'  In  order  to  investigate  the  possibility  of  an  ion  of  lower  valency 
than  Bi**%  a  circulation "  experiment  has  been  carried  out^  The 
metal  was,  as  usual,  granulated,  and  the  solution  was  a  saturated 
solution  of  bismuth  oxychloride  in  hydrochloric  acid.  After  four 
days,  tiny  crystals  were  noticed  a  short  distance  from  the  bottom  of 
the  column  <^  metal.  Moreover,  a  piece  of  metal  which  projected  at 
least  an  inch  above  the  top  of  the  steam  Jacket  also  showed  distinct 
signs  of  adhering  crystals.  The  temperature  of  the  solution  In  the 
neighbourhood  of  these  crystals  was  found  to  be  94^  that  is,  a  drop 
of  six  degrees  was  sufficient  to  cause  a  marked  reversal  of  the  ionic 
reaction.  But  as  this  fall  in  tomperatuie  might  give  rise  to  a  weak 
thermo-current  with  the  consequent  depo.sition  of  metal,  the  projecting 
piece  of  metal  was  removed,  glass  beads  introduced,  and  on  these  a 
piece  of  bismuth  placed.  In  twelve  hours,  this  piece  had  assumed  a 
bright  crystalline  appearance,  due  to  the  large  number  of  small 
adhering  crystals. 
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It  is  of  interest  that  the  eryBtals  do  not  first  appear  quite  at  the 
bottom  of  the  columo,  where  crystallisation  from  the  cold  saturated 
solution  might  be  expected.  In  the  lead  experiments,  it  was  noticed, 
bnt  not  recorded,  that  a  nucleus  of  metal  does  not  induce  crystallisik 
tion  when  the  temperature  is  below  60^ ;  here,  as  well  as  in  the  above 
case  of  bismuth,  the  phenomenon  is  probably  due  to  the  yelooity  of 
crystallisation  being  extremely  small  below  that  temperatnre. 

The  deposition  of  crystals  in  the  above  experiment  is  in  all  proba- 
bility dno  to  the  reduction  of  the  tervalent  ion  to  one  of  lower  electro- 
valency,  and,  in  conformity  with  what  is  known  concerning  the 
sab-salts  of  bismath,  Bid,  and  BiO,  we  must  r^rd  that  ion  as  the 
bivalent  one. 

Sttb-8€Ut8  of  Nickely  Anttmoni/,  and  Arsenic 

Although  a  suboxide  of  nickel  has  been  described,  no  signs  of 
crystallisation  were  obtained  in  a  circulation "  experiment  with 
nickel  and  nickel  sulphate  sl^lution.  As  it  must  be  less  difficult  to 
obtain  an  aqueous  solution  of  a  sub-salt  than  to  prepare  the  solid 
substance,  this  result  seems  to  throw  doubt  on  the  e^dstence  of  the 
suboxide. 

In  the  case  of  arsenic  and  antimony,  no  sign  of  ciystal  growth  had 
occurred  when  the  metal  was  heated  for  ten  days  in  contact  with  an 
add  solution  of  the  chloride,  although  this  is  probably  due  to  the  low 
concentration  of  the  metallic  ion. 

Summeury, 

1.  Evidence  has  been  brought  forward  for  the  existence  of  lead 
sub-chloride  and  sub-nitrate  in  aqueous  solution. 

2.  The  existence  of  cadmium  sub-sulphate  and  of   a  univalent 
cadmium  ion  in  aqueous  solution  lias  been  rendered  tolerably  certain. 

3.  The  presence  of  a  subvalent  ion  of  thallium  has  been  similarly 
investigated,  and  it  is  probable  that  the  darkening  of  thallous  haloids 
in  light  is  due  to  the  formation  of  sub-haloids. 

4.  The  tervalent  bismuth  ion  has  been  reduced  to  the  bivalent  state 
in  aqueous  solution. 

5.  A  negative  result  has  been  obtained  for  nickel,  arsenic,  and 
antimony. 

In  conclusion,  I  wish  to  thank  Professor  F.  G.  Donnan  for  the 
facilities  and  advice  which  he  has  placed  at  my  disposal  during  the 
coarse  of  these  experiments. 

Mnsraarr  Labokatort  op  Phtbioai.  ahd  ELBorBo^oESHiSTBT, 

UMivsiuiiTy  or  Livsaroou 

y 
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LXXVll. — The   Cundciu<ation  of  Epichloroiiydrin  tmlh 

Bt  David  RuNcrMAN  Botd  and  Rbnbst  Robbrt  Mablb. 

Our  attention  has  recently  been  drawn  to  a  paper  on  the  above  sub- 
ject by  Cohn  and  Ploha  (Ber.,  1907,  40,  2597),  in  which  paper  the 
authors  describe  somo  experiments  on  the  ac^oa  of  epichlorohydrin  on 
alkaline  solutions  of  phenols,  and  maintain  that,  as  the  reealt  of  their 
experiments,  certain  data  in  the  literature  require  correction. 

The  data  which  it  is  proposed  to  alter  are  tho^e  esta^ylished  by 
Lindemann  {Btr.,  1891,  24,  2145).  This  investigator  found  (1)  that 
by  the  action  of  epichlorohydrin  on  a  cold  solution  of  phenol  in  aqueous 
sodium  hydroxide  an  oil  is  obtained  (b.  p.  234^),  to  which  he  assigned 

CII. 

the  formula  Ugtlj'O'OHj'Cli^^  ^,  and  (2)  that  if  epichlorohydrin 

is  boiled  for  a  short  time  with  an  alcoholic  solution  of  phenol  and 
sodium  ethozide  a  crystalline  substance  is  formed  (m.  p.  80 — 81^,  to 
which  he  assigned  the  formula  CjH5'0-GH2  CH(OH)-CHs*0-C,,ll.. 
Lindemann  further  states  that  the  phenyl  gljcido  ether  is  converted 

into  the  |,'lyceryl  diphcnyl  rblifr  by  boiling  with  an  alcoholic  solution 
of  phenol  nnd  sodium  ethoxi<lo. 

It  is  now  maiiiLaiued  by  Culm  and  Plohn  that  the  oil  and  the 
crystalline  compound  ol>tained  by  Lindouiann  :iro  really  identical  ;  the 
oil,  according  to  their  statement,  changing  into  the  crystals  if  allowed 
to  stand  for  somo  time.  Moreover,  Cohn  and  Plohn  have  analysed  the 
crystalline  compouod,  and  obtained  figures  which  lead  them  to  assign 

CH 

to  it  the  formula  C6H,-0-CIl2-CH<^  *. 

These  conclusions  of  Cohn  and  Plohn  we  cannot 'accept. 

C  H 

The  formula  Cf^U^'O'CU^'ClK^   *  for  the  crybtalline  compound 

is  quite  inconsistent  with  the  results  obtained  by  one  of  us  (Boyd, 
Trans.,  1901,  79, 1221)  in  a  study  of  the  action  of  the  chlorides  of 
phosphorus  on  this  substance.  It  was  then  shown  that  this  compound 
is  converted  by  means  of  phosphorus  trichloride  into  a  phosphorous 
add  derivative,  the  analysis  and  reactions  of  which  pointed  dearly  to 
the  formuk  CoH5-0-OH2'OH{OPH,0^)  Cfl2  0-05Hfl.  whUst  phos- 
phorus pentachloride  transforms  it  into  a  substance  for  which  analysis 
indicates  the  formula  CgHj  O-CH^  CHOl'CHj  O  CcHg. 

These  results  confirm  landemann's  conception  of  the  crystalline 
compound  as  a  glyceryl  diphenyl  ether, 

C^U5-0-CH,»CH(OH)-uU,-0-(;ttH4. 


DigitizecJ  by  Google 


EPICHLOUOHYDRIN  WITH  PHENOLS. 


839 


In  view,  however,  c^f  the  .statenaeiits  of  Cohn  aud  Plohn,  we  have 
thought  it  desirable  again  to  prepare  and  analyse  a  specimen  of  the 
crystalline  substance.  Oar  results  aie  in  complete  agreement  with  the 
formula  assigned  by  Lindemann. 

With  regard  to  the  constitution  of  the  oil,  the  data  in  the  literature 
are  not  so  complete.  In  addition  therefore  to  analysing  this  sub- 
stance, we  have  studied  its  transformation  into  glyceryl  diphenyl  ether 
by  the  action  of  phenol  in  presenco  of  alkali,  and  have  aUo  investigated 
its  behaviour  towards  phosphorus  peutachloride.    Assuming  Linde- 

mann'fl  fomrala  OflH5-0*CH2*OH<^^*  to  be  correct,  one  would  expect 

to  obtain  a  substance  of  the  formula  GgHj'O'CHj'CHCl'CHgCi  as  the 
principal  product  of  the  action  of  phosphorus  pentachloride.  This 
expectation  waft  fully  realised,  the  yield  of  phenoxydichloropropane 
amountlDg  to  63  per  cent,  of  that  theoretically  poesible. 

If  the  oil  is  allowed  to  stand  in  contact  with  a  solution  of  phenol  in 
aqueous  potassium  hydroxide,  it  reacts  slowly  even  in  the  oold  to  form 
glyceryl  diphenyl  ether,  and  this  change  is  brought  about  ra^ly  on 
heating  an  alcoholic  solution  of  it  with  phenol  and  sodium  ethoxide. 
From  2*18  grams  of  the  oil,  we  obtained  in  this  way  3*03  grams  of  the 
crystals,  or  about  85  per  cent,  of  the  theoretical  yield.   These  results, 

we  consider,  definitely  establish  the  formula  C4H5*0*CH,*CH^?^^ 

for  the  oil. 

We  arc  at  a  loss  to  account  for  tiie  statement  of  Cohn  and  Plohn 
that  the  oil  changes  into  the  cryhtalline  compound  on  standing,  except 
on  the  supposition  that  these  investigators  have  never  obtained  tlie 
oil  in  a  pure  state.  A  specimen  of  pure  phenyl  glycide  ether  has  been 
kept  in  this  laboratory  for  a  period  of  more  than  tax  mouths  without 
uiidei  troing  any  change. 

It  appears  probable  that  the  origin  of  tlie  errors  into  which  Cohn  and 
Plohn  have  been  led  is  to  bo  found  in  the  circinnstance  that  in  tlie 
preparation  of  phenyl  glycide  ether  by  the  action  of  epichlorohydrin 
on  a  solution  of  phenol  in  aqueous  sodium  hydroxide  it  is  ^{aicoly 
possible  to  avoid  the  formation  of  a  considerable  amount  of  the 
crystalline  glyceryl  diphenyl  ether  at  the  same  time 

in  the  case  of  the  action  of  epichlorohydrin  on /i  cresol,  precisely 
similar  relations  hold  good.  The  crystalline  compound  (m.  p.  80^), 
which  is  stated  by  Cohn  and  Plohn  to  have  the  formula 

is  really,  as  stated  by  liirukinann,  ihe  glyceryl  di /j-tolyi  etlicr, 
C7U/0-CHj'Cll(OH)-ClJ,-0-C7U7   (compare   iioyd,  loc,  cii.,  and 
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Tnn8»,  190Z,  88,  1140),  wMlat  the  j^UHjl  glyoide  ether  in  en  oil 
boiling  at  186^  under  17  mm*  preasm 

EzPSBIMBirTAI.. 

Olj/oeryl  Diphenyl  Ether,  CflHj^-0-CH2-CH(OH)-CH/0-CgH5. 

Twelve  grams  of  sodium  (rather  more  than  0*5  gram-atom)  were 
dissolved  in  250  c.c.  of  alcohol.  Ninety  four  grams  of  phenol  (1  gram- 
mol.)  were  added,  and  then  45  grams  of  epichlorohydrin  (rather  less 
than  0*5  gram-moL).  The  miztore  was  heated  in  a  water-bath  under 
reflux  for  four  hours,  and  then  poured  into  water.  A  white, 
crystalline  solid  separated.  After  reorystallisation  from  aloohol,  it 
melted  at  81—82**.  The  yield  was  90  grams. 

It  ia  to  be  noted  that  the  maximum  yield  of  phenyl  glydde  ether 
whioh  is  theoretleally  possible  horn.  45  grams  of  epichlorohydrin  ia  less 
than  75  grams : 

0*2085  gave  0-5659  00,  and  01277  H^O.   0  -  74*02 ;  H  «  6*86. 
0*2028   „   ©•5494  OO2  „  01180  HjO.   0  =  73*86;  H- 6*52. 
^6^16^8  roq»iir©8  C  =  73  72  ;  H    6  62  per  cent. 


rhmyl  jQlycide  Eiim,  C.Hg-0*OHj*CH<;j^  . 

Ninety-two  and  a  half  grams  of  epichlorohydrin  (1  mol.)  were 
added  to  a  cold  solution  of  94  grams  of  phenol  (1  moL)  and  50  grams 
of  sodium  hydroxide  (1|  mols.)  in  600  c.c.  of  water. 

After  twenty-four  lionrs,  the  oil  which  had  separated  was  extracted 
with  ether.  The  ethereal  nolution  was  dried  over  potassium  carbonate, 
the  ether  evaporated,  and  the  residue,  a  slightly  yellow  oil,  was 
fractionated  under  reduced  pressure.  In  this  way,  45  grams  of  an  oil 
boiling  at  about  1287l&'5  mm.  were  obtained. 

The  oil  thus  prepared  was  found  to  contain  a  trace  of  chlorine,  duo 
possibly  to  the  presence  of  a  small  quantity  of  glyceryl  moncchlorobydrin 
phenyl  ether,  0^H(-0*aH2-0H(0H)*0Ha01.  Considerable  difficulty 
was  experienced  in  removing  the  last  traces  of  chlorine,  but  this  was 
finally  accomplished  by  heating  for  three-quarters  of  an  hour  over 
powdered  sodium  hydroxide  in  a  water-bath  and  subsequently 
extracting  with  ether  and  fractionating  in  a  vacuum. 

The  pure  oil  boiled  at  133^/23  mm.  It  distils  practically  without 
decomposition  at  243 — 244*^  (corr.)  under  atmospheric  pressure  : 

0*2787  gave  0  7354  CO,  and  0-1618  H..O.    0  =  71*96  ;  H«6-50. 

0-2222    „    0-5859  00^        0  1332  H>.    ('  =  71-91  ;  H  =  6-7'J. 
OjHjyOg  requires  0  =  71*95 ;  il  —  G  7o  pur  cuul. 
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The  residue  left  in  the  distilliDg  flask  after  the  phenyl  glycide  ether 
had  p&ssed  over  was  dissolved  in  hot  alcohol,  and  from  this  solution 
about  7*5  grams  of  crystalliue  glyceryl  diphenyl  ether  separated  ou 
cooling. 

Action  qf  jt*hmyl  Glycide  Ether  on  a  Cold  Mulimi  qf  tkmU  in  Aqueous 

l^otauium  JlydroaaidB, 

Four  grams  of  phenol  were  dissolved  in  10  o.e.  of  a  solution  of 
potassium  hydroxide  eontalning  about  2*5  grams,  and  3*28  grams  of 
phenyl  glycide  ether  were  added  to  the  oold  solution.  The  mixture 
was  allowed  to  stand  for  six  days  with  oooasional  shaking.  The  oil 
had  then  changed  almost  completely  into  a  mass  of  crystals ;  steam  was 
now  passed  through  to  remove  any  unchanged  phenyl  glycide  ether, 
and  the  solid  product  obtained  on  cooling  was  crystallised  from  alcohol. 
The  cryhtals  obtained  weighed  3  0-1  grams  and  melted  at  81 — 82°. 
The  yield  is  thus  82  per  cent,  of  that  required  by  theory. 

Action  of  ^liAnyl  Glymd^  MUter  on  a  Hot  Alcoholic  Mulion  of  i*henol 

mid  SodMtm  Etiwrndo* 

Six  grams  of  phenol  and  0*2  gram  of  sodium  were  dissolved  in  25  cc. 
of  alcohol,  2*18  grams  of  phenyl  glycide  ether  were  added,  and  the 
mixture  was  heated  on  a  water^hath  under  reflux  for  fifteen  hours. 
The  bulk  of  the  alcohol  was  then  distillsd  off,  and  water  and 
potassium  hydroxide  were  added.  The  solid  substance  which 
separated  was  collected,  washed,  and  drained.  It  was  then  dissolved  in 
ether,  and  the  ethereal  solution  was  shaken  several  times  with 
potassium  hydroxide  to  ensure  complete  removal  of  the  excess  of 
phenol.  After  evaporation  of  the  ether,  the  product  was  crystallised 
from  alcohol.  The  melting,'  }>oint  of  the  crystals  was  80"",  aud  the 
yield  wail  3  03  gi-ams  or  85  O  per  cent,  of  the  theoretical. 

Action    of    rhospkorm    PeiUaehhridc    on   Phenyl   Glycide  Etiitr, 
Pr^taraiion  qf  Phonoxydiohhropropanc,  GeUs'O-CHs-GHOl'CUfUU 

Twenty  grams  of  phenyl  glycide  ether  were  dissolved  in  50  grams  of 
chloroform,  and  the  solution  added  by  means  of  a  tap-funnel  to  40 

grams  of  phosphorus  pentachloride  contained  in  a  flask  provided  With 

a  reflux  condenser  aiul  cooled  in  a  water-bath.  The  action  is  energ^ic 
at  first.  After  all  the  soluLiun  hud  buou  added,  the  llask  was  warmed 
in  the  water-bath  for  some  time.  Tito  mixLure  was  then  cooled,  aud 
treate<l  with  water  aud  {>otassium  hydroxide  until  alkaline  ;  the  chloro- 
form WU.S  distilled  off,  and  the  residue  extracted  with  ether.  The 
ethereal  sulutiuu  wao  dried  over  poUuaaium  earbouate,  aud  the  tilightly 
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yellow  oil  obtained  on  e^apontioo  of  the  ether  was  fractionated  in 
a  vacuum.  Seventeen  granw  of  a  colourless,  highly  refractive  oil 
boiling  at  139 — 140°/ 13  mm.  were  obtained.  The  yield  was  thus 
63  per  cent,  of  that  theoretically  possible : 

0-3731  gave  0*7260  CO,  and  01728  H^O.   0  -  G3  07 ;  H  -  618. 
0*2335   „   0-4511 CX),       01048  H,0.   0»  52*69;  H-5-02. 
0-2363   „   0-3261  AgOl.  01-3412. 
0-2716   „   0-3801  AgOl.  Cl»34*€0. 
(\U^fiC\^  requires  C-62-70;  H-i4-91 ;  01»S4*58  per  cent. 

CnEMJ(  AL  Department, 

HaKILEY  UmVEllSITY  COLLEOB, 
SOVTHAMFrOir. 


LXXVIIL — Constitution   of  Hydroxyaao-conipounds. 

Action  of  Diazome thane  aud  of  Mercuric  Acetate. 

By  Clabbnob  Smith  [and,  in  part,  Also  Duncah  MmnsLL]. 

The  protracted  discussion  of  the  conatilution  of  liydroxyazo  compouuds, 
which  has  been  nearly  quiebceiit  nince  1902,  has  within  the  last  two 
years  been  renewed  vigorously,  mainly  in  consequence  of  a  paper  by 
Goldschmidt  and  Low-Beer  (Z?er.,  1905,  38,  1098).  In  the  year 
mentioned,  tlic  results  of  the  researches  of  numerous  investigator?;, 
extending  over  a  period  of  nearly  twenty  years,  had  led  to  the  view, 
more  or  less  generally  accepted,  that  ;j-hydroxyazo-compounds  and  the 
ethers  of  both  series  possessed  the  azo-structure  HO*R-NIN*R', 
whilst  o-hydroxyazo-compounds  and  their  acyl  derivatives  were 
quinonehydrazones,  OIRIN'NTIR'.  This  view  has  been  supported  by 
the  spectrometric  observations  of  Tuck  (Trans.,  1907,  91,  449). 
Recent  researches  have  shown,  however,  that  all  o-hydroxyazo-eom* 
pounds  and  their  derivatives  possess  the  structure  implied  in  their 
name,  and,  in  the  light  of  these  researches,  the  authors  venture  to 
think  that  Tuck's  observations  point  to  the  same  conclusion,  tbo  shape 
of  the  absorption  curve  of,  for  example,  benzoylbenseneszo^Hsrvsol 
bearing  a  much  closer  resemblance  to  that  of  benseneasophenol  than 
to  that  of  bensoquinonebenzoylphenylhydrasone^ 

Goldschmidt  and  Low-Beer  ifoc,  ctl.)  re-examined  the  behaviour  of 
o-hydroatyaso-compounds  with  phenylcarbimide,  and  found  that  these 
substances  in  the  solid  state  at  theorditiary  temperature  react  exactly 
aa  do  the  para^oompound  s  in  hot  bensene  (Goldschmidt  and  Bosell» 
J^tr..  1890,  23,  489).    Goldschmidt  has  consequently  modtBed  hie 
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former  views,  and  attributes  the  azo-structure,  not  only  to  o-hydroxy- 
azo-compounds,  but  als-o  to  ihoir  acyl  derivatives,  since  the  formation 
of  acetanilide  as  one  of  tlie  products  of  the  reductive  fission  of  acetyl- 
benzeneazo-/)-crosol  (Goldschmidt  and  Brubaciier,  JJer.,  1^91,  24, 
2300)  can,  without  the  assumption  of  the  quinonehydrazone  formula, 
be  explained  by  the  researches  of  Auwers  and  his  collaborators  on  the 
mobility  of  acyl  groups  in  the  esters  of  o-hydroxybcnzylidenephenyl- 
hjdxasones  (Ar.,  IS04,  37,  3903,  3905,  3916,  3929,  3937). 

In  the  same  communication,  Goldschmidt  and  Low-Beer  assert 
that  McPherson's  yS-uaphthaquiaonebenzoylphenylhydrazone  {Amer. 
Chem.  (/.,  1899,  22,  364)  must  be  an  O  ester,  in  spite  of  its  method  of 
formation,  since  it  behaves  on  reduction  like  (he  acyl  derivatives  of 
the  paxa-eeriee,  yielding  a  hydrazo-compound  insoluble  in  alkalis.  The 
same  condoaioa  has  been  reached  by  Auwers  {Jkr,,  1907,  40,  2154 ; 
1908,  41,  403,  415X  whose  experiments  show  that  itT-aoylated  derive 
atives  of  o-hydrozyaio-oompounds  are  too  labile  to  exist  as  such,  and 
consequently  change  into  the  isomeric  O-estere.  The  labile  ehaiacter 
of  the  jflT-aqyl  derivatiyes  of  jy^liydrozyaso-compounds  has  been 
proved  by  WiUstatter  aniilTeraguth  (J^.,  1907, 40, 1482),  who  have 
converted  MePhenoa'sbensoquinoneacylphenylhydra«>nes(^sr.,  1896, 
28,  2414)  into  the  O-esters  obtained  by  direct  acylation  of  the 
hydrozyasoHSompound.  WiUstatter  and  Auwers  both  point  out  that, 
since  the  heavy  acyl  group  wanders  with  such  facility  from  the 
nitrogen  to  the  oxygen  atom,  much  more  so  will  the  light  hydrogen 
atom  of  the  parent  hydroxyaso-compound,  and  therefore  the  latter, 
even  when  obtained  from  a  quinone  and  phenylhydrazine,  has  the  aso*  # 
structure. 

It  is  evident  from  tln^  preceding  discussion  that  any  attempt  to 
ascertain  the  structure  of  hydroxyazo-compouuds  by  chemical  means 
necessitates  the  use  of  reagents!  unlikely  to  induce  tautomeric  change. 
For  this  reason,  dia/.oniethane  and,  at  the  suggestion  of  Dr.  Hewitt, 
mercuric  acetate  have  been  selected. 

Diazomethane  in  cold  etliereal  or  benzene  solution  reacts 
readily  with  y;-hydroxyazo-compounds,  forming  the  methyl  ethers 
obtained  by  the  ordinary  methods  of  alkylation.  There  is  no  doubt 
therefore  that  /Hhydroxyaso-compounds  contain  a  hydroxyl  group  and 
have  the  azo-structure. 

Diazomethane  does  not  react  with  o-hydroxyazo-compouuds,  a  result 
which  seems  to  prove  the  abi-ience  of  a  hydroxyl  group  in  these  sub- 
stances. The  proof  is,  however,  inconclusive,  for  were  the  formulie 
of  the  o-hydroxyazo-com pounds  of  the  quinonehydrazone  type,  one  would 
expect  to  obtain  the  iV-methyl  ether,  and,  moreover,  diazomethane 
is  not  an  infallible  reagent  for  the  detection  of  the  hydroxyl  group. 
It  does  not  react  with  methyl  or  ethyl  alcohol,  and  von  Fechmann 
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points  out  that  it  has  only  a  slight  tendency  to  react  with  weakly 
acidic  sub.st:inces  (/)er.,  1895,  28,  1624).  The  o-hydroxya/>o-com- 
pouLids  are  undoubtedly  much  weaker  acids  than  the  para  conipouuds,* 
and  the  efifect  of  this  property  added  to  that  of  the  screening  in- 
fluence of  the  large  azo-complex  in  the  ortho-position  with  respect  to 
the  liydroxyl  group  may  very  well  be  the  cause  of  the  non-reactivity 
of  diiizomeihane  with  o-hydroxyazo-compounds. 

That  the  reactivity  of  o-hydroxyazo-compounds  is  affected  by  steric 
influences  is  proved  by  their  behaviour  on  alkyhition.  Whereas 
ethers  result  by  the  simple  addition  of  methyl  sulphate  to  the  alkaline 
flolution  of  a  /^hydroxyazo-compoundy  members  of  the  ortho-series 
require  heating  before  alkylation  occurs.  These  results  had  been 
established  by  one  of  the  authors,  who  was  forestalled  in  the  publica- 
tion by  Colombano  {AtU  M.  Aecad.  Lined,  1907,  [v],  16,  ii,  457), 
Ethers  of  o-hydroxyazo-conipounds  are  obtained  readily  from  the  silver 
salt  and  an  alkyl  iodide,  a  result  which  is  analogous  to  that  obserred 
by  Y.  Meyer  in  the  esterificatioQ  of  o-o-disubstituted  benzoic  acids. 

The  introduction  of  meroniy  into  aromatic  nuclei  has  been 
aooomplished  by  several  investigatoni,  particularly  by  Dimroth  (Bet,^ 
1898,  31,  2154;  1899,  32,  758;  1902,  dd,  2032),  who  has  shown 
that  aniines  and  phenols  react  readily  with  mercuric  acetate^  one  or 
more  mercuriacetate  groups  entering  the  ortho*  and  para-posildons 
with  respect  to  the  amino-  or  hydrozyl-group,  but  never  in  the  meta- 
position.  These  results  seem  to  offer  a  satisfactory  method  for  the 
determination  of  the  constitution  of  hydrozyaco-compounds.  Accord- 
ing  as  their  structure  is  represented  by : 

1.  Para-series:  H0<(^^^N:N<^^  or  ^•<(^)>-N-NH<(^^^ 

n.  Ortho^Beries :  <(f^^'^<(^  ^/^'^'^^^CZ/ 

"OH  n 


the  mercuriacetate  complex  will  enter  the  phenolic  or  the  aminic 
nucleus.  In  the  former  case,  two  groups  at  most  can  be  introduoed, 
whilst  in  the  quinonehydrazone  the  possibility  exists  for  the  entry  of 
three  complexes.  The  behaviour  of  benseneasophenol,  2:4:6-tri- 
bromobenseneazophenol,  benzeneaso-o-nitrophenol,  benzeneaxo-»^ 
dibromophenol,  benaeneaso-i^eresol,  and  benzeneazo^bromo-j^eresol 
respectively  with  mercuric  acetate  in  hot  aqueous-alcoholic  solution 
has  been  examined,  with  the  result  that  in  both  the  para-  and  the 
ortho-series  the  number  of  mercuriacetate  groups  entering  the 

*  Tbu  will  fonn  the  aulgect  of  a  AitoM  eominiinioataon. 
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molecule  of  the  hydrozjazo-compound  is  et^iiftl  to  the  nmnber  of 
QllBubsiituted  positions  ortho  to  the  oxygen  atom.  It  appe^ro 
stnuigOyat  first  sight,  that  mercnric  acetate  does  not  attack  KubBtances 
saoh  as  benzeneazo-o-o-dibromophenol  and  beoMDeazo-m-bromo-;?- 
cresol ;  one  would  expect  the  salt  to  attaek  the  unsabstituted  phenyl 
radicle,  IN'C^g.  In  reality,  this  non-reactivity  famishes  a  strong 
argument  in  favour  of  the  aso-structure  of  hydroxyaso-oompounds,  for 
asobenzene^  in  which  occurs  the  same  group,  tN'O^H^,  is  quite  un- 
affected by  mercuric  acetate,  whereas  substances,  such  as  aoetanilide 
and  diphenylamine,  containing  the  group  ^NH'C^Hj,  which  would 
be  present  in  hydroxyazo-oompounds  were  they  quinonehydrasones, 
react  very  readily.  Unfortunately,  mercuric  acetate  acts  simply  as 
an  oxidising  agent  on  bensylidenephenylhydrazone,  the  structure  of 
which  somewhat  resembles  that  of  a  quinonehydrasone.  * 

The  identical  behayiour  of  o-  and  p-hydroxyazo-oompounds  with 
mercuric  acetate  must  be  conditioned  by  similarity  in  structure,  and 
the  compounds  of  the  ortho-series  must  therefore  be  of  the  azo-type, 
since  all  evidence,  chemical  or  physical,  proves  that  the  para- 
compouuds  are  not  quinonehydrazones. 


EXPBSIHSHTAL. 

DiazomethaiM  and  Benz^nshtophmci, 

Half  a  gram  of  well-dried  benzeneazojjhenol  was  added  to  the 
benzene  solution  of  diazo methane  obtained  from  6  c.c.  of  nitroso- 
methyluretbane.  The  hydroxy  a  zo-compound  dissolved  with  vigorous 
effervescence,  which  ceased  after  thirty  minutes.  The  greater  part  of 
the  solvent  was  removed  by  distillation,  and  the  residual  liquid  was 
washed  with  dilute  sodium  hydroxide  until  the  filtrate  was  practically 
colourless,  then  with  water,  dried  over  calcium  chloride,  and  evapor- 
ated. The  residual  red  oil  solidified  to  orange-red  crystals,  which, 
after  recrystallisation  from  light  petroleum,  melted  at  53?*  A 
mixture  of  the  substance  and  benzeneazoanisole  melted  at  the  same 
temperature : 

0  0868  gave  0-2382  COo  and  0*0462  HsO.   C»  73*77 ;  H-6-95. 
CiaHjjjONj  requires  C«  73*59  ;  H-5*66  per  cent. 

Diazwntthane  and  JSetuetieazo  a  riapfithol. 

"When  1  gram  of  well-dried  benseneaso-a-naphthol  was  added  to 
the  ethereal  solution  of  diasomethane  from  5  c.c.  of  nitrosomethyl* 
urethane^  a  vigorous  effervescence  occurred,  which  lasted  one  hour. 
After  being  washed  with  potassium  hydroxide  and  with  water,  the 
ethereal  solution  was  dried  over  calcium  chloride  and  evaporated. 

8  K  2  ^  ^ 
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The  residue  weighed  0'7  gram,  and,  nftcr  two  crystallisations  from 
methyl  alcohol,  melted  at  82^,  the  melting  point  being  unchanged  bj 
the  addition  of  ben«eneazo-a-naphthyl  methyl  ether  : 

0-0738  gave  0-2110  CO,  and  0  0346  H,0.    C  =  77*97  ;  H-5*21. 
.    OifHifON,  requires  C »  77*86 ;  H  -  6*34  per  cent 

Diazomethane  and  Benzmemo-'p-eresol. 

One  gram  of  bena^neazo-p-cresol  was  added  to  the  ethereal  solution 
of  diazomethane  from  5  c.c.  of  nitrosomethylurethane.  The  solution 
effervesced  gently  for  five  hourp,  but,  after  evaporating  the  solution  to 
a  small  volume,  the  fine  ruby-red  needles  which  separated  melted  at 
106°,  and  the  melting  point  was  unchanged  by  the  addition  of  benzene- 
tao-p-creeoU . 

(I)  live  grams  of  the  hjdroxyaso'eoinpoand  were  suspended  in 

100  G.C.  of  aloohol,  and  treated  with  a  slight  excess  of  40  per  cent. 

potassium  hydroxide.  The  intensely  red  solution  was  heated  until 
solution  was  complete,  and  then  an  excess  of  aqueous  silver  nitrate 
was  added.  The  purple  precipitate  of  the  silver  salt  was  collected, 
washed  with  hot  ulcoliol,  boiling  water,  and  agaiu  with  alcohol,  dried, 
suspended  in  methyl  alcohol,  and  treated  with  an  excess  of  methyl 
iodide.  By  heating  on  the  water-bath,  the  reaction  was  completed ; 
after  removing  the  silver  iodide,  the  filtrate  was  evaporated  to  a  small 
bulk.  The  reddish-yellow  crystals  which  separated  from  the  cold 
solution  were  collected,  washed  with  methyl  alcohol,  and  dried.  By 
recrystallisation  from  methyl  alcohol,  the  ether  was  obtained  in  orange- 
red  needles  melting  at  68*^ : 

0-1588  gave  0-3741  CO,  and  0*0706  H,0.    C  =  64-25  ;  H«4*94. 
Ci4H,gON,OI  requires  C  » 64*49  ^  H  -4*99  per  oent. 
The  yield  was  about  84  per  cent,  of  the  theoretioal. 

(II)  The  same  ether  was  obtained  when  a  solution  of  2  grams  of 
methyl  iodide  and  2*5  grams  of  |»-ohlorobenzeiieasa|Hsreso1,  in  80  ce; 
of  methyl  alcohol  containing  0*3  gram  of  sodium,  was  heated  on  the 
water-bath  for  six  hours.  A  hot  20  per  cent,  aqueous  solution  of 
potassium  hydroxide  was  then  added  until  a  turbidity  formed.  The 
precipitate  was  separated  from  the  cold  solution,  washed  with  alcohol 
and'  water,  and  dried.  By  recrystaUisation  from  methyl  alcohol, 
orange-red  needles  of  the  preceding  ether  were  obtained,  which  melted 
at  68^ 
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DiazoTMtham  and  p'CfU<yi'ob$nze7ieaz<h^-cre8ol. 

One  gram  of  the  hydroxyazo-compound  was  added  to  the  ethereal 
solution  of  diaaomethane  obtained  from  5  co.  of  nitrosomethyl- 
luethane.  A  gentle  eftervescence  lasting  for  one  and  a-half  hours 
was  observed,  at  the  conclusion  of  which  the  solution  was  concentrated 
bj  evaporation,  whereby  reddish-yellow  leaflets  of  the  original 
hydro3[yaio-componnd  were  obtained  melting  at  153^,  the  melting 
point  being  nnchanged  by  the  addition  of  |Hsfalorobenseneaio^p^sresoL 

In  order  to  ascertain  whether  a  reaction  oocnrs  at  a  higher  tempera- 
tnre^  0*6  gram  of  p-ehlorobenseneazoi^resol  and  a  solution  of  diaio* 
methane  (from  2*5  ao.  of  nitrosomethylnrethane)  in  bensene  were 
heated  at  100^  for  two  hours  in  a  sealed  tube.  The  diaiomethane  had 
all  decomposed,  but,  after  evaporation  of  the  solvent^  the  residue  melted 
at  152 — 153°,  and  the  melting  point  was  unchanged  by  the  addition 
of  the  original  bydrozyaio-oompound. 

Diaetm^ihane  and  P-BemeMemo-te^phikot, 

One  gram  of  the  hydroxyazo-compound  and  the  ethereal  solution 
of  diazomethane  from  5  c.c.  of  nitrosomethylurethane  were  kept  in  a 
closed  vessel  for  several  weeks.  By  evaporation  of  the  solvent,  dark 
red  needles  were  obtained  which  melted  at  132 — 134°.  The  melting 
point  was  raised  to  138°  by  one  recrystallisation  of  the  substance  from 
methyl  alcohol,  and  remained  unchanged  by  the  addition  of  /3-bensene- 
aso-a-naphthol. 

Murcwric  Aatdfe  and  Azobmztne, 

A  solution  of  G  grams  of  mercuric  acetate  in  20  c.c.  of  water  and 
3  c.c.  of  acetic  acid  was  added  to  4  grams  of  azobenzene  dissolved  in 
200  c.c.  of  alcohol.  The  mixture  was  heated  for  six  hours  on  the 
water-bath.  A  small  quantity,  0"7  gram,  of  mercuric  acetate  separated 
from  the  cold  solution.  This  was  removed,  and  the  fdtrate  evaporated 
to  50  0.C  and  added  to  150  c.c.  of  water.  A  red,  crystalline  solid, 
weighing  4  grams  and  melting  at  65 — 66°  was  obtained,  which,  after 
recrystallisation  from  alcohol,  melted  at  68^.  The  melting  point  was 
unchanged  when  the  substance  was  mixed  with  azobensene : 

0*3000  gave  32  ac  nitrogen  at  15^  and  739  mm.  N  » 15*38. 
Oi^Hi^i  requires  N«  15*38  per  cent. 

BenMnBozophenoi  Dimti/'curiacilaiB, 

A  solution  of  32  grams  of  mercuric  acetate  in  150  c.c.  of  water  and 
20  c.c.  of  acetic  acid  was  added  to  10  grams  of  benzeneazophenol 
dissolved  in  300  c.c.  of  alcohol,  and  the  clear  blood-red  mixture  was 
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heated  for  six  hours  on  the  water-bath.  The  bulky,  orange-yellow 
precipitate  which  had  separated  was  coUeoted,  washed  with  hot  dilute 
acetic  acid,  water,  and  alcohol,  and  dried  at  110**.  Dnitng  the  drying, 
the  snhstanoe  gave  off  acetic  add  and  contracted  to  small,  hard,  red, 
nodnles.  The  yield  was  nearly  quantitative. 

Thesnbstance  was  purified  by  adding  its  solution  in  160  c.c.  of 
boiling  glacial  acetic  acid  to  400  c.c  of  alcohol  The  orange-yellow 
precipitate  was  washed  with  dilute  acetic  acid,  alcohol,  and  ether,  and 
dried  as  rapidly  as  possible  at  the  ordinary  temperature.  The 
substance  continuously  decreased  in  weight,  owing  to  loss  of  acetic 
add: 

0-3687  <-ave  0-2126  Hg.    IJg  -57-6. 

0-7632    „    26-6  c.c.  of  nitrogen  at  17^  and  749  5  mm.   N  =  4-0. 

CjglTj^OjKjHg.,  requires  Hg  =  56  0  ;  N  =  3'9  percent. 
04326  at  120^  lost  0  0257.    Loss  -  5  0. 

Theoretical  loss  for  1  mol.  C^H^O^^S  ^  per  cent. 

The  analyses  show  that  the  benseneasophenol  dimercuriaoetate  had 
already  lost  a  considerable  amount  of  acetic  add.  Since  many 
other  attempts  to  obtain  the  pure  dry  dimercuriacetate  were  un- 
successful, the  substance  was  dried  at  120**,  the  compodtion  being  then 

represented  by  the  formula  C^Hj-N,*0jH,(lig-C0,-CH,)<2>  • 

0-3219  gave  11-7  c.c.  of  nitrogen  at  20°  and  763  mm.    N  =  4-2. 
0-4902    „    0-3004  Hg.    Hg  =  61-3. 

Cj^HjoOgNoHg  requires  N  =  4-3  ;  Hg  =  61-2  per  cent. 

The  dried  substanco  is  a  yellowish  brown  powder,  which  darkens 
continuously  on  iioating,  but  in  not  melted  at  300^.  It  is  insoluble  in 
hot  water  and  very  spiringly  soluV)]o  in  alcohol,  chloroform,  ethyl 
acetate  or  benzoate,  l)enzene,  and  nitrobonzeno ;  it  is  moderately 
soluble  in  pyridine,  and  dissolves  readily  in  glacial  acetic  acid. 

Benzeneazophenol  DimereuricfUoride,  C0H5*N,*C4H2(HgCl),*OH. 

Five  grams  of  the  compound  just  described  were  boiled  with  200  &c. 
of  6  per  cent,  aqueous  potassium  hydroxide,  and  the  hot  filtered 
solution 'treated  with  200  cc.  of  a  saturated  solution  of  sodium 
chloride.  The  orange-red  precipitate  was  collected,  washed  with 
water,  and  digested  with  dilute  hydrochloric  aci^,  whereby  the  colour 
changed  to  brick-red.  The  precipitate  was  collected,  washed  with  hot 
water  and  alcohol,  and  dried  at  110^.   The  weight  was  4  grams : 

0-2158  gave  0  0923  AgCl  and  0-1500  HgS.    Cl  =  10'6;  Hg  =  59-9. 
0-5010    „    17  8  c.c.  of  nitrogen  at  16^  and  760  mm.    N  =  4-2. 
Ci^HgONjCljjHgg  requires  CI  =  10  G ;  Kg  =  GU  U  ;  iS  =  4  2  per  cent. 
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The  ditMreuriMiride  is  a  doll  red,  amorphouB  powder,  which  does 
not  melt  below  300'',  and  is  insoluble,  or  nearly  so,  iu  the  usual 
solvents.  Attempts  to  obtain  from  it  l;!  ; -i  :  6-tri>benzeneazophenol 
by  the  action  of  diazobenzene  chloride  were  unsuccessful,  probably 
owing  to  the  slight  solubility  of  the  dimercurichloride  in  alkali 
hydroxides. 

Benzeneazophmol  dimercurihromiih',  CgH5*N./C^jHo(HgBr)2*OH, 
was  best  obtained  by  treating  a  solution  of  the  dimercuriacetate  in 
glacial  acetic  acid  with  a  few  c.c.  of  a  hot  concentrated  sohition 
of  potassium  bromide.  The  brownish-red  precipitate  was  filtered  from 
the  hot  liquid,  washed  with  boiling  water  and  alcohol,  boiled  with 
glacial  ;icetic  acid  to  extract  traces  of  unchanged  dimercuriacetate, 
again  filtered  and  washed,  and  finally  dried  at  110°.  It  is  a  brownish- 
red  powder,  which  does  not  melt  below  300°,  and  is  practically 
insoluble  in  the  usual  solvents : 

0-4208  gave  0*2092  AgBr.    Br  »  2M5. 

Oi^HgONgBr^Hg,  requires  Br->21*2  per  cent 

Attempts  to  replace  the  mercaribromide  groups  by  bromine  did  not 
lead  to  definite  resnlts. 

Mtfewrie  Ac&UsU  and  Bmz&nM^o^o-o^ihromophmiiL 

A  solution  of  3*5  grams  of  mercuric  acetate  in  15  c.c.  of  water  and 
1  c.c.  of  acetic  acid  was  added  to  3*5  grams  of  the  hydroxyazo- 
compound  dissolved  in  200  c.c.  of  alcohol  an<l  the  mixture  heated  for 
six  hours  on  the  wMter-ba-th  Tua  smil!  procipita- o  (0  5  gram)  which 
had  separated  from  the  cold  solution  was  recrystailised  from  acetic 
acid,  and  thus  obtained  in  faintly  yellow  needles  ;  it  did  not  contain 
nitrogen  or  bromine,  and  was  not  farther  examined. 

The  solution  was  evaporated  to  40  c.c.  and  poured  into  water.  The 
yellowish-brown  precipitate  was  collected,  washed,  and  dried.  It 
weighed  3  grams,  and   melted  at  135 — 136°;  its  identity  with 
benieneaso^HHlibromophenoi  was  confirmed  by  a  mixed  melting-point 
determination. 

2:4:  %-TinhrimobMWMMOph&Ml  IHmireuHaeeiaUf 
CABr,-K,'0^H,(Hg-CO,-CHJ,-OH. 

Six  grams  (2  mols.)  of  mercuric  acetate  dissolved  in  20  c.c.  of  water 
and  I  c.c.  of  acetic  acid  were  added  to  tlio  solution  of  4  grams  (1  mol.) 
of  the  hydroxy. izo  compound  in  200  c.c.  of  alcohol.  After  the  mixture 
had  been  he-ited  for  six  hours  on  the  water-bath,  the  pinkish-red 
precipitate  which  had  separated  was  collected.  Another  i  gram  of 
precipitate  was  obtained  by  concentrating  the  liltmte  to  20  c.c.  The 
combined  precipitates  were  washed  with  dilute  acetic  acid  and  water 
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•nd  dried,  the  weight  tbeii  being  6*5  grams.  The  eubetenee  was 
recrystallised  from  gladal  acetic  add,  and  ^e  pale  red,  microcrystal- 
line  powder  thus  obtained  was  washed  with  alcohol  and  dried  at.  the 
ordinary  temperature  : 

0-3175  gave  0  2295  CO.^  and  0  0293  Ufi.    C  =  19-7  ;  H=  10. 
0-3091    „    0  1298  „   0  1854  AgBr.    Hg  =  42  0 ;  Br«25-5. 

0-2615    „    6-2  c.c.  nitrogen  at  18  and  739  mm.    N  =  2-7. 
C„HiiOjN,BrjHg2  re]uires  C  =  20  2  ;  H  =  MS  ;  Hg-  42-1 ;  * 

Br  =  25  -2  ;  N  =  2  9  per  cent. 

Tribroriiobenzeruatoph^nol  dimercuriacetcUe,  which  does  not  melt 
below  300**  and  is  very  sparingly  soluble  in  the  usual  solvents  with 
the  exception  of  glacial  acetic  add,  is  more  stable  than  benzeneazo* 
phenol  dimeronriacetatei  but  loses  acetic  acid  at  120^ : 

0*3865  lost  0*0240.   Theoretical  loss  for  1  mol.  O^H^O^a  0*0244. 
By  prolonged  heatiog  at  120",  mercury  is  diminated. 

Bmzeneazo-o  nitrophenol  MercuriacelaUy 
C«H.-N,-0eH,(N0,)(Hg-CO,-0H.)-OH. 

A  solution  containing  5  grams  of  mercuric  acetate  in  ^0  c.c.  of 
water  and  2  c.c.  of  acetic  acid  was  added  to  a  hot  solution  of  2-4 
grams  of  benzeneazo-o-nitrophenol  in  250  c.c.  of  alcohol,  and  the 
mixture  heated  for  six  hours  on  the  water-bath.  The  precipitate  was 
filtered  from  the  cold  solution,  washed  with  alcohol  and  hot  water, 
and  recrystallised  from  glacial  acetic  acid.  It  was  obtained  as  a  pale 
yellow,  microcrystnllino  powder,  which  did  not  melt  below  300°, 
and  was  iusoluble,  or  nearly  so,  iu  the  usual  solvents,  excepting  acetic 
acid  : 

0-3008  gave  22  0  c.c.  of  nitrogen  at  16°  and  760  mm.  N«8*4. 
0-2664    „    0-1028  Hg.    Hg  =  401. 

CifHiiOgNsHg  requires  N  «  8*4  j  Hg  »  39*9  per  cent. 

J!ms8fMas«HMif^r(>fiiA«iio{  msreuri&romtds, 

OA-N,-OA(NO,XHgBr)'OH, 
was  obtained  as  a  pale  yellow  precipitate  by  adding  a  ooncentrated 
solntion  of  potassium  bromide  to  the  mercuriacetate  dissolved  in 
glacisl  acetic  add.    The  precipitate  was  washed  with  hot  water  and 
dried: 

0-4201  gave  0*1460  AgBr.    Br  =  14-8. 

CjjHgOi^NjBrHg  rui^uires  Br=  li>'3  per  cent. 
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Bmzeneazo-Y>-C)'€sol  Mercuriacetaie^ 
C^H^-N,-^H,(OH)-Hg-CO,-CH,. 

A  Bolution  of  32  grams  (2  mols.)  of  mmnric  acetate  in  280  co.  of 
water  and  6  e.c  of  acetic  acid  was  added  to  the  boiling  eolation  of 
10  grams  of  benieneaso-zHsresol  in  600  cc.  of  alcohol ;  the  miztnre 
was  heated  for  seven  hours  on  the  water-bath.  A  Tolnminons  red 
precipitate  separated,  which  was  collected,  washed  with  alcohol,  dilate 
acetic  acid,  and  hot  water ;  after  being  dried,  it  weighed  18*6  grams. 
The  parification  can  be  effected  by  repeated  crystallisation  from  glacial 
acetic  acid,  but  the  following  method  was  employed  with  a  saTing  of 
time  and  of  material.  The  crude  product  was  dissolved  in  boiling 
glacial  acetic  acid,  and  by  the  addition  of  a  small  quantity  of  hot 
water  a  slight  precipitate  formed,  which  was  removed  and  neglected. 
The  bulk  of  the  subhtance  left  in  the  solution  was  precipitated  by 
excess  of  water,  and,  after  being  dried,  treated  in  the  same  way  as 
before.  The  precipitate  obtained  in  this  second  treatment  waa  finally 
crystallised  from  glacial  acetic  acid.  It  separated  in  reddish-brown 
needles,  was  very  sparingly  soluble  in  the  usual  solvents,  excepting 
acetic  acid,  and  darkened  on  heating,  melting  with  decomposition  at 
269 — 270''.  These  are  the  properties  of  benzeneazo-/?-cresol  mercuri- 
acetate  obtained  by  Dimroth  (/ier.,  1902,  35,2864)  from  diazobenzene 
chloride  and  /)-cresol-m-mercuriacetate  (Me  :  OH  =  1  :  4),  and  the 
identity  of  the  two  subetances  was  proved  by  a  mixed  melting-point 
determination : 

0  9868  gave  0  4159  Hg.  Hg-42-15. 

0-3012   „    16*8  cc.  of  nitrogen  at  W  and  768  mm.   N  -  6-2. 
C|5H|^0,N,Hg  requires  Hg-42*55 ;  N^^O  0  per  cent. 

Bm^»9Ma»o-i^9ol  nmewriMmde,  C^U^'l^^  C-;U^{OB.yH.gPl,  was 
obtained  by  adding  40  cc.  of  a  satarated  salt  solution  to  3  grams  of 
the  mercariacetate  dissolved  in  20  cc  of  acetic  acid.  The  precipitate 
was  collected,  washed,  and  recrystalliaed  twice  from  a  large  volume  of 
alcohol,  whereby  it  was  obtained  in  ydlowish-brown  needles,  which 
darkened  on  heating,  and  melted  and  decomposed  at  246 — 248^ 
(Dimroth  :  249°  with  decomposition) : 

0  3588  gave  0  1616  Hg  and  0-1176  AgOl.    Hg  =  45-0;  Cl  =  81. 
CijHjjONjCliLg  requires  Hg  =  44  8  ;  CI  =  7-96  per  cent. 

Mercuric  Acetate  and  Benzemazo-m-hromo-^^-cruol. 

,  A  solution  of  3*2  grams  of  mercuric  acetate  in  5  cc.  of  water  and  a 

<  few  drops  of  acetic  acid  was  added  to  15  grams  of  the  hydroxyazo- 

<  compound  dissolved  in  60  cc.  of  alcohol,  and  the  mixture  wss  heated 

DigitizecJ  by  Google 


852      cHArrAWAY:  the  quantitative  conversion  of 


on  the  water-bath  for  six  hours.  The  piecipitate,  separated  from  the 
cold  liitiiiU',  weighed  1  giaiii,  and  (J  i  *:r;iin  was  obtained  by  coii- 
centuiliDg  iLe  uiotlier  liquor.  The  total  amount  was  recrystallised 
from  acetic  acid.  The  red  crybtals  melted  at  120 — 121°,  and  the 
meltiug  point  was  unchanged  by  admixture  with  benzeneazo-ifi-bromo- 
cresol  (Me  :  Oil  =  1  :  4)  (m.  p.  123°  corr.)  : 

0-1061  gave  9-2  c.c.  of  nitrogen  at  18  0^  and  742*5  mm.  N«9*8. 
CjiHiiON^Br  requires  N  «=  d'6  per  cent. 

The  expenses  of  this  investigation  have  been  paitly  defrayed  by  a 
grant  from  the  Kesearch  Fund  of  the  Chemical  Society,  for  which  the 
authors  desire  to  ezpreiis  their  thanks. 

East  Lokdov  Cou.kox. 


LXXIX.— J%<?  Quantitative  Conversion  of  Aromatic 

IJydrazines  into  Diazoniinn  Salts, 

By  Fbbdbrick  Baihil  Obattawat. 

The  primary  aromatic  hydrazines,  wliicli  are  so  readily  obtained  from 
diazoniuDi  Falts  by  reduction,  miglit  be  exjected  to  be  reconverted  into 
the  latter  with  .similar  eaf^e  by  <>xidation.  This  reconverfeion,  however* 
has  proved  to  be  a  matter  of  great  difficulty.  For  it  to  take  place, 
two  hydrogen  atonis  of  the  'NH'is'H.,  group  must  be  rejtlaced  by 
hydroxyl  groups,  and,  as  (he  autlior  has  recently  shown  (Trans.,  10O7, 
91,  1323  ;  1908,  93,  270),  when  on©  such  group  has  been  introduced 
the  typical  diazo-decou)  position : 

K-N-H  K       N  H 

R-N'OH  H      N  0-H 

occurs  .so  readily  that  even  in  presence  of  acids  comparatively  in- 
significant amounts  of  diazoniuni  salts  are  formed,  whilst  in  presence 
of  alkalis  they  are  not  produced  at  all. 

Kmil  Fisclier  {Atmalen,  1877,  190,  07)  first  showed  that  the  reaction 
was  J  os.-ible,  and  recognised  the  presence  of  a  diazonium  salt  among 
the  products  of  the  oxidation  of  phenylhydiazine  sulphate  by  yellow 
mercuric  oxide.    The  amount  which  can  be  thus  formed  is,  however, 
very  small,  and,  although  Alt>cluil  {J.  pr.  Chem.,  1806,  [ii],  54,  490) 
found  that   a  much   larger  yield  could  be  obtfiitjcd  by  employing 
nitrous  acid  as  the  oxidising  agert,  no  nally  .'satisfactory  method  of 
effecting  the  reconversion  has  yet  been  described. 
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The  author  tiuds  tiiat  all  primary  aromatic  hydrazines  cau  1)0 
quantitatively  converted  into  the  corresponding  diazonium  salts  either 
by  chlorine  or  by  bromine.* 

If  either  halogen  is  allowed  to  act  at  a  low  temperature  on  the 
hydrazine  dissolved  in  alcohol,  the  diazonium  salt  separates  out  in  a 
pure  state. 

Unless,  however,  the  solid  salt  is  required,  the  operation  can  be 
more  easily  carried  oot  by  dissolving  the  hydrazine  in  glacial  acetic 
acid,  cooling  the  solation  to  about  - 16°  by  addition  of  crushed  ice, 
and  either  passing  in  a  rapid  stream  of  chlorine  or  adding  the 
calculated  quantity  of  bromine  dissolved  in  acetic  add  and  similarly 
cooled  by  ice. 

The  formation  of  the  solid  diaatoniom  salt  is  without  doubt  to  a 
substitution  by  halogen  of  two  atoms  of  hydrogen  in  the  *^H*liH| 
groupi,  followed  by  the  elimination  of  halogen  acid,  thus : 

CgH^-N-H  CaWs^-Ol  CjHfi-N-Cl^ 

H-N-H   ^         H«N-C1  ill 

As  in  other  cases  where  hydrogen  attached  to  nitrogen  is 
replaced  by  halogen,  an  additive  product  is  probably  first  formed,  in 
this  instance  by  the  addition  of  four  halogen  atoms*  each  nitrogen 
atom  thus  becoming  quinquevalent.  The  successive  elimination  of 
three  molecules  of  halogen  acid  then  gives  rise  to  the  diaaonium  salt. 

It  seems  probable  that  the.removal  of  the  last  molecule  of  halogen 
acid,  which  is  necessary  for  formation  of  the  solid  diasonium 
compounds,  only  takes  place  when  the  latter  assume  the  solid  state, 
and  that  when  these  compounds  exist  in  solution  or  undergo  any 
of  the  reactions  which  are  characteristic  of  them  they  actually 
have  the  structure  : 

iiN-Cl  R-N'Ol  R^N'Br  R-N'Br 

I  _     or         m         and         i  or      •   Mi • 

H*N*C9  H-K-Cl  H«N*Br  H-N-Br 

The  relationship  of  the  diazonium  salts  to  the  hydrazines  and  all 
their  reactions  can  be  better  explained  on  this  hypothesis  than  on  any 
other. 

Action  of  Chlorim  on  riimylhydirastine. 

When  chlorine  is  passed  rapidly  into  a  solution  of  phenylhydrasioe 
kept  at  a  low  temperature,  action  at  once  takes  place ;  hydrogen  is 
replaced  by  chlorine  and  hydrogen  chloride  is  produced,  but  no  nitrogen 

*  A  large  uuiaber  of  totally  different  products  can  bo  obtained  from  primtry 
sromatio  hydn&iMS  by  the  action  on  them  of  the  halogens  according  to  the  con* 
dltions  ondor  which  the  aotion  tskes  place.  A  foil  trntment  of  the  tnbjeot  is 
reserved  for  a  later  comnronlcation ;  in  this  paper,  the  production  of  diasoninm 
salti  it  alooe  dealt  with. 
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iB  OTolYedf  nor  does  any  BabsUtution  in  the  ring  take  plaoe^  benuiie- 
diaxoniiim  chloride  and  hydrogen  chloride  being  the  sole  prodoete. 

If  solid  bensenediasoninm  chloride  is  to  be  prepared,  it  is  best  to 
operate  in  alcoholie  solationi  cooling  with  solid  carbon  dioxide^  bat  if 
the  salt  is  not  required  in  the  sdid  form  the  action  can  be  nuidi 
more  easily  carried  out  in  acetic  acid  solution. 

To  prepfuv  the  solid  diazonium  salt,  5  grams  of  phenyl hydrarinei 
freshly  distilled  and  twice  recrystallised,  were  dissolved  in  100  c.c.  of 
absolute  alcoiiol,  and  cooled  strongly  by  the  addition  of  solid  carbon 
dioxide,  so  much  of  the  latter  being  added  that  a  pasty  mass  was 
obtained.  Through  this  a  rapid  stream  of  dry  chlorine  was  passed 
until  the  whole  was  saturated,  the  semi-liquid  mass  being  thoroughly 
stirred  during  the  paKsuge  of  the  gas  by  the  delivery  tube.  The  liquid 
became  pale  yellow,  and  benzenediazonium  chloride  separated  as  a  white 
solid.  One  hundred  c.c.  of  dry  ether,  also  strongly  cooled  and  containing 
suspended  solid  carbon  dioxide,  were  added,  and  a  rapid  current  of 
dry  air  was  aspirated  tiirongh  the  mixture  until  the  excess  of  chlorine 
and  the  solid  carbon  dioxide  had  been  removed  and  the  temperature 
of  the  liquid  had  risen  to  about  -  20°.  The  solid  benzenediazonium 
chloride  was  then  filtered  oS.  and  well  washed  with  dry  ether. 

The  purity  of  the  substance  was  established  by  a  chlorine  estimation, 
and  also  by  converting  it  into  benseneazo-^S-naphthol  by  coupling  it 
with  )8-naphthol.  The  benzeneazo-/8-naphthol  thus  obtained  crystal- 
lised from  alcohol  in  brilliant  scarlet  needles  melting  at  136°,  and  was 
identical  with  a  specimen  prepared  from  bensenediasonium  chloride 
prepared  by  diaxotising  aniline. 

To  prepare  an  aceti;  acid  solution  of  the  diasonium  salt,  2  16  grams 
of  phenylhydrazine,  purified  as  before,  were  dissolved  in  80  ac.  of 
glacial  acetic  acid  uid  40  grams  of  crushed  ice  added.  A  rapid  stream 
of  chlorine  was  passed  through  the  liquid,  stirring  as  before^  until  it 
was  saturated  and  the  gas  escaped  freely.  No  nitrogen  was  evolved, 
the  action  taking  pkce  quietly  and  quantitatively.  The  liquid  at  first 
assumed  a  slightly  rsd  tint,  which,  however,  disappeared  as  the 
passage  of  the  chlorine  was  continued,  a  pale  yellow  liquid  being  finally 
obtained.  To  remove  the  excess  of  chlorine,  more  crushed  ioe  was 
added,  and  air  was  drawn  through  the  liquid  until  the  odour  of  ohlorine 
could  not  be  delected.  The  benzenediazonium  chloride  produced  was 
then  estimated  by  conversion  into  benseneasO'/?-naphthol,*  a  quantitar 
tive  yield  of  which,  in  a  perfectly  pure  state,  can  be  obtained  in  a 
carefully  conducted  experiment. 

It  is  thus  seen  that  no  substitution  in  the  benzene  nucleus  occurs 

•  A  number  of  experiments  made  with  weighed  quantities  of  pnre  dinzonhim 
r  ompounds  showctl  that  accurate  results  could  be  obtained  by  lUteriiig  off  the  azo* 
compound  in  a  Gooch  crucible  and  drying  at  110'. 


Digitized  by  Coogle 


AROMATIC  HTDRAZINSS  INTO  DIAZOKIUK  SALTS.  855 


under  the  oonditions  named,  the  sole  produot  of  the  action  of**  chlorine 
on  phenylhy  dfBsine  being  benienedlaaonium  chloride,  which  is  produced 
in  theoretical  amonnt. 

AcUon  of  3ramin$  on  Pkmjflhydrasim* 

The  action  of  bromine  on  phenylhydrarine  is  exactly  similar  to  that 
of  ch1(»ine,  benaenediasoninm  bromide  and  hydrogen  bromide  alone 
being  produced.  Since  the  amount  of  bromine  required  can  be 
accurately  weighed,  the  operations  are  more  easily  carried  out. 

4*32  Grams  of  pure  phenylhydrasine  were  diMolyed  in  50  cc.  of 
abeolute  alcohol  and  cooled  by  solid  carbon  dioxide,  the  latter  being 
added  in  excess  so  as  to  form  a  semi-solid  mass ;  12*8  grams  of  bromine 
were  next  mixed  with  50  cc.  of  absolate  alcohol,  similarly  cooled  and 
containing  an  excess  of  suspended  solid  carbon  dioxide.  The  liquid 
containinx  the  bromine  was  then  quickly  added  to  that  coutaining  the 
phenylhydrazine,  and  the  two  thoroughly  stirred  together.  The 
mixture  became  pale  yellow,  and  solid  benzenediazonium  bromide 
separated ;  100  cc.  of  dry  ether  were  next  added,  and  a  current  of  air 
aspirated  through  the  mixture,  this  being  continued  until  the  solid 
carbon  dioxide  had  disappeared  and  the  temperature  had  risen  to 
about  -  20*^.  The  benzenediazonium  bromide  was  then  filtered  off  and 
washed  with  dry  other.  It  was  obtained  as  a  white,  crystalline 
powder,  which  in  bulk  wa.s  seen  to  have  a  faint  jellow  tint.  On 
adding  ether  gradually  to  a  solution  of  the  salt  in  cold  alcohol,  it 
separated  in  small,  six-sided  plates  of  a  very  faint  yellow  colour.  Its 
purity  was  ascertained  by  a  bromine  estimation  and  by  oonverting  it 
as  before  into  benzeneazo-/3-Dapbthol. 

Unless  the  solid  salt  is  required,  it  is,  however,  much  simpler  to 
work  in  glacial  acetic  acid  solution,  cooling  by  crushed  ice.  Phenyl- 
hydrazine  can  be  so  easily  and  rapidly  converted  into  diazonium 
bromide  in  this  way  that  the  operation  is  excellently  adapted  for  a 
lecture  experiment. 

The  following  is  a  convenient  procedure :  2' 16  grams  of  pure  phenyl- 
hydrazine  are  dissolved  in  40  cc.  of  acetic  acid,  and  20  grams  of 
crushed  ice  added;  6*4  grams  of  bromine  are  dissolved  in  40  c.c. 
of  acetic  acid  and  20  grams  of  crushed  ice  added.  The  temperature 
of  each  liquid  having  fallen  to  about  - 16%  the  two  are  rapidly  mixed, 
the  bromine  solution  being  poured  into  the  hydrazine  solution,  the 
latter  being  rapidly  stirred ;  some  heat  is  developed,  but  the  tempera- 
ture of  the  whole  should  not  rise  above  - 10°,  as  the  ice  still  remains 
in  excess  if  the  operations  are  carried  out  quickly.  A  little  bensene- 
diaaonium  perbromide  is  formed  locally  where  the  bromine  is  in  excess, 
but  this  at  once  disappears  on  stirring,  and  a  dear,  pale  yellow  liquid 
is  obtained,  no  nitrogen  being  evolved. 
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The  clear  liquid  is  next  poured  orer  a  considerable  excess  of  crushed 
ioar  made  slightly  alkallDe  by  the  cautious  addition  of  a  cold 
eonoentrated  solution  of  potes&ium  hydroxide.  Oa  adding /S-naphthol 
diflsolyed  in  dilute  aqueous  potassium  hydroxide,  benzeneaso-/3>naphthol 
is  thrown  down  as  a  bnlUant  red  precipitate.  The  yield  in  a  carefully 
conducted  experiment  is  theoretioa].  In  two  test  ezperimentsy  using 
the  above  quantity  of  phenylhydrasine,  4*9  and  5  grams  of  benxane- 
tMhp'pKphitkiA  were  obtained,  the  amount  which  theoretically  should 
be  produeed  being  4*96  grams. 

All  primary  aromatic  hydrasines  which  have  been  studied  are  acted 
on  by  chlorine  and  bromine  in  a  precisely  similar  manner,  and  the 
action  appears  to  be  a  general  one. 

It  may,  however,  again  be  noted  that  the  halogens  can  produce 
from  the  hydrazines  a  great  variety  of  substances,  as  the  hydrogen 
attached  to  the  nitrogen  is  substituted  atom  by  atom,  and  the  nitrogen 
halogen  derivatives  formed  can  break  down  or  transform  in  many 
different  ways,  depending  on  the  conditions.  As  an  illusLratiou  of 
this,  reference  may  be  made  to  the  observation  of  Michaelis 
1893,  26,  2190),  confirmed  by  Vaubel  (/.  ;>r.  Chem.,  1894,  [ii],  49, 
540  ;  1897,  [ii],  55,  220),  that,  when  phec}  Ihydrazino  or  its 
acetyl  derivative  is  brominatcd,  in  addition  to  a  bromo-substituted 
hydrazine,  a  bromo-substitutod  diazonium  salt  ia  produced.  Following 
up  a  statement  made  by  Emil  Fischer  {Annahn,  18D3,  272,214)  that 
acetylphenylhydraziiie  can  be  directly^  brominatcd  if  dissolved  in 
conceutrated  hydrochloric  acid,  Michaelis,  by  the  direct  action 
of  bromine  at  the  ordinary  temperature  on  phenylliydrazine  and 
acetylphenylhydrasine,  prepared  />-bromopbenylhydrasine  and  2  : 4-di- 
bromophenylhydiazine,  and  noted  that»  in  addition,  /7-bromo-  and 
2 :  4-dibromo-benzenediazonium  chloride  were  respectively  produced. 

The  formation  of  these  compounds  is  due  to  the  subbtitution  off 
hydrogen  in  the  imino-group  of  the  hydrazine  by  bromine,  the  action 
of  the  halogen  on  the  amino-group  being  hindered,  or  rendered  much 
less  rapid,  by  the  presence  of  the  concentrated  hydrochloric  acid,  this 
by  combining  with  the  group  preventiDg  the  addition  of  halogen 
which  must  precede  substitution.  The  nitrogen-bromide  thus  formed 
undergoes  under  the  influence  of  the  halogen  acid  the  transformatioa 
eharacteristio  of  phenyl  aeyl  nitrogen  bromides,  the  halogen  entering 
the  ring  in  the  para-  and  ortho-positions  and  forming  the  substituted 
hydrarine,  for  example : 


a 
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HCl,NH,-NBr  HC1,NH/NH 

Y 

at  each  stage  of  this  traDsformation  a  certain  amount  of  the  eub- 
Btituted  hydrazine  is  acted  on  in  the  manner  described  in  this  pa]^r 
and  conTerted  into  the  correspondtog  diasoniom  salt. 


Action  of  Cfdorine  and  Bromine  on  o-  and  ip-Toli/lhydrazine,  p-Bronio- 
yhenylhydrazine,  y  Nitrophenylhjdraziiief  riunyHiydraruu-^ 
aulplioaic  Acid,  and  Xajjldhijlliydrazine, 

The  action  of  chlorine  and  of  bromine  on  these  hydraziues  has  been 
mvestigaled  in  a  similar  manner,  and  with  similar  results  to  those 
yroviottsly  described.  In  every  case,  the  action  of  the  halogen  at  a  low 
temperature  concerts  the  hydrazine  into  the  oorresponding  diasonium 
salt. 

The  conversion  in  eaeh  of  these  eases  is  most  oonvenienUy  effected  bj 
bromine  carrying  out  the  reac^n  in  acetic  aoid,  the  amount  of  acid  u<ed 
and  the  details  of  procedure  being  suitably  modified.  In  no  ease^  if 
the  temperature  is  kept  low,  is  halogen  substitulied  in  the  aromatic 
residue,  this  only  occurring  in  presence  of  mineral  acids  when  the 
temperature  is  such  as  to  allow  tcanafonuatipn  of  the  mono-halogen 
imino4ubstittttion  product  to  take  place. 

In  order  to  obtain  a  quantitative  yield  of  diamium  salt  in  any  of 
these  reactions,  it  as  necessary  to  work  veiy  oarefully  and  to  use 
accurately  weighed  amounts  of  pure  bromine  and  recently  purified 
hydraiina  All  primary  aromatie  hydrastnes  are  so  readily  oxidised 
by  the  oxygen  of  the  air  (Obattaway,  Trans.,  1907,  91,  1323)  that 
unless  puiitied  by  dibtillation  under  diminished  pressure,  or  recrystal- 
lised  not  long  before  use,  they  are  certain  to  contain  brown-coloured 
oxidation  products.  Such  slightjy  impure  hydm^incs  do  nut  give  a 
perfectly  clear  bolunon  of  the  dia^uniuui  compound,  and  .small  (juanii- 
•  ties  of  brown  solid,  or  even  tarry  matters,  are  thrown  out  on  nuairall- 
SiiLion.  These,  however,  can  be  tillered  off  from  the  aqueous  feoiutiou 
of  the  diazoniuni  salt,  the  yield  of  the  latter  being  slightly  reduced. 
Working  with  ordinary  care,  however^  it  is  easy  Ui  obtain  a  ^leld  of 
90 — 95  per  cent,  of  the  theoretical. 
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LXXX. — Qiuiutitative   Separation   of  Ihallium  from 

Silver, 

By  Jamis  FfiHDiBiOK  Spbnobb  and  Maboabr  Li  Pla. 

In  the  course  of  some  work  on  thallium  compounds,  we  desired  to 
effect  a  complete  separation  of  silver  and  thallium,  both  lor 
purposes  of  analysis  and  also  for  purification  of  the  salts. 

Several  methods  are  to  be  found  in  the  literature  of  the  subject  for 
effecting  this  separation.  These  methods,  on  trial,  have  proved  to  be 
either  too  lengthy  and  tedious,  or  not  sufficiently  quantitative  for  our 
purpose. 

Crookes  describes  a  method  based  on  the  precipitation  of  silver 
sulphide  by  means  of  hydrogen  sulphide  in  acid  solution.  Experiment 
has  shown  that  silver  sulphide  precipitated  in  presence  of  a  thsUous 
salt  invariably  contains  small  quantities  of  thallium.  A  second 
method  consists  in  oxidising  the  thallium  salt  by  means  of  nitro- 
hydfoohlorio  acid  to  the  sesquiehloride,  TlOlatSTlOl,  which  is  slightly 
soluble  in  hot  water.  The  solution  containing  this  is  then  boiled,  and 
the  silver  chloride  collected  and  washed  with  boiling  water  until  all 
the  thallium  is  removed.  This  method  is  extremely  tedious,  for 
thallium  sesquiehloride  ib  very  sparingly  soluble  in  water,  dissolving 
only  to  the  extent  of  8*6  grams  per  litre  at  35%  and  is  still  less  soluble 
in  dilute  hydrochloric  acid,  with  which  the  washing  must  be  earned 
out.  This  is  necessitated  since  thallium  sesquiehloride  is  hydrolysed 
by  water  acoording  to  the  equation : 

T101^3X1C1  +  3H,0        Tl(OH)g+3T101  +  3HCl. 

Another  method  depends  on  the  reduetion  of  the  iodides  of  the  two 
metals  by  means  of  sine  The  mixture  of  iodides  is  allowed  to  stand 
incontaotwith  a  rod  of  pure  sine  whieh  redneeeboth  iodides  to  metal ; 
when  all  has  been  reduced,  the  exeeis  of  sitae  is  removed,  and  th» 
thallium  dissolved  in  dilute  sulphurie  add,  which  will  leave  the 
silver  unattacked. 

Thiti  process  is  very  good,  but  is  long  and  very  tedious.  It  depends 
on  the  ioiiideii  couiin^  iutu  coutact  with  the  zinc,  which  can  only 
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ooeur  when  they  are  in  'wlntion,  and,  sinoe  they  are  hoth  very 
slightly  poluhle  in  water,  this  mast  be  a  very  lengthy  process. 

The  foregoing  processes  having  failed  to  meet  onr  needs,  we 
adopted  the  following  method,  which  we  have  foundtobeqaantitative, 
and  eatily  and  quickly  carried  ont. 

The  mixture  of  silver  and  thallium  salts  is  treated  in  the  presence 
of  al)Out  50  c.c.  of  water  with  a  rapid  stream  of  chlorine.  By  this 
meanfl,  the  thallium  is  converted  into  a  thallic  salt  in  a  very  few 
minutes,  the  silver  being  precipitated  as  chloride.  Thallic  chloride, 
being  extremely  soluble  in  water,  is  filtered  from  the  silver  chloride, 
reduced  by  sulphur  dioxide,  precipitated  as  thallous  iodide,  and 
estimated  in  the  usual  way.  An  attempt  was  made  to  substitute  the 
chlorine  by  bromine,  but  the  results  obtained  showed  that  the 
oxidation  of  the  thallium  was  incomplete.  An  attempt  was  also  made 
to  determine  the  thallium  directly  in  the  thallic  condition,  and  so 
avoid  the  reduction  by  sulphur  dioxide.  The  thallium  was  therefore 
precipitated,  after  removal  of  the  silver,  by  ammonia,  the  hydroxide 
filtered  off,  dried  at  120^^,  and  weighed.  The  results,  however,  showed 
that  the  dried  precipitate  was  not  a  homogeneons  compound. 

EZPBSIMKKTAL.  . 

T.  Separation  o/  Silver  and  Tltallium. 

Solutions  of  thalloQS  nitrate  and  silver  nitrate  of  known 
composition  were  prepared  from  pure  salts  supplied  by  Kahlbaam ; 
these  weve  then  analysed  in  the  following  manner. 

Chlorine  was  passed  through  the  solution  for  about  ten  minutei^, 
whereby  the  thallous  salt  was  completely  oxidised  to  a  thallio  salt, 
and  the  silver  precipitated  as  chloride.  As  soon  as  the  chlorine 
entered  the  oolntion,  a  white  precipitate  was  formed,  which  soon 
changed  to  brown,  owing  to  the  formation  of  thallic  hydroxide  by  the 
hydrolysis  of  thallic  chloride.  This  precipitate  redissolved  as  more 
chlorine  waa  added,  untfl  finally  a  white  precipitate  of  silver  chloride 
alone  remained. 

It  was  found  advisable  to  keep  the  precipitate  stirred  from  time  to 
time  during  the  addition  of  chlorine.  The  liquid  was  then  boiled  to 
expel  the  excess  of  chlorine,  and,  after  cooling,  filtered  on  a  Gooeh 

crucible ;  the  precipitate  of  silver  chloride  was  washed  and  weighed 

in  the  usual  way.  The  filtrate  and  washings  were  concentrated  to 
about  150  c.c,  and  treated  with  a  stream  of  sulphur  dioxide  for  a])out 
ten  minutes.*    A  few  cubic  centimetres  of  liquid  sulphur  dioxide  can 

*  Tlw  sulphur  dioxide  miutnot  be  added  dtnotly  from  the  syphon,  as  this  would 

occasion  a  viol(>nt  effervescence  in  which  there  would  li"  grout  djinpt'i-  of  Ions.  A 
small  qaantity  of  the  liquid  ii  poured  from  the  syphon  into  a  beaker,  and,  from  thia^ 
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be  substituted  for  the  ga«,  and  this  has  the  advantage  both  of  saTing 
time  and  obviating  loss  of  the  solution  by  spirting.  The  liquid  wm 
then  boiled  to  expel  the  ezom  of  eulphnr  dioxide.  An  eaoew  of  a 
20  per  cent,  solution  of  potassium  iodide  was  then  added,  and  the 
mixture  boiled  for  about  two  minutes.  When  cold,  the  precipitate  of 
thalloas  iodide  was  filtered  on  a  Gooch  crucible^  washed  with  a  .1 
per  cent,  solution  of  potassium  iodide  until  the  washings  were  free 
from  nitrate,  and  then  washed  with  80  per  cent,  alcohol,  dried  at  140**, 
and  weighed.   Table  I  gives  the  results  of  a  series  of  analysps. 

Oolumos  1  and  3  give  the  weights  of  silver  nitrate  and  thalloos 
nitrate  respectively  contained  in  the  eolation,  and  3  and  4  give  the 
weights  of  silver  chloride  calculated  and  experimentally  determined. 
0  damns  5  and  6  give  the  calculated  and  experimentally  determined 
weights  of  thalioQS  iodide. 

The  percentage  error  on  the  silver  chloride  is  never  greater  than  0  1, 
whilst  that  on  the  thallons  iodide  varies  between  0*2  an  1  0  4; 

Table  I. 


1. 

2. 

3. 

4. 

5. 

6. 

taken. 

TINO, 

AgUl 
ealc 

AgCl 

Til 

Til 

taken. 

obtained. 

calc. 

obtained. 

1  0499 

0-3184 

•  0-8856 

0-8858 

0-8960 

0*8970 

1  -0006 

0-1127 

0-8440 

0*8440 

0-1401 

0-1398 

0-5487 

0-2661 

0-4628 

0-4626 

0  3310 

0-3296 

0*6817 

1*8085 

0-4485 

0-4485 

1*8082 

1-8086 

O'lOM 

0-9992 

0-0917 

0-0918 

1*2429 

1-2428 

II.  Deiermination  of  tha  Solubility  of  ThaUovm  Ckhride  in  Foktmmm 

CtKrbonaU, 

In  a  series  of  experiments  involving  tho  use  of  potassium  carbonate 
and  tballous  salts,  it  was  found  that  the  addition  of  potassium 
chloride  to  a  solution  containing  potassium  carbonate  and  tballous 
salts  gave,  as  was  to  be  expected,  a  precipitate  of  thallons  chloride. 
When  this  precipitate  had  been  filtered  ofl",  the  addition  of  sufficient 
dilute  sulphuric  acid  to  neutralise  the  potassium  carbonate  caused  the 
precipitation  of  a  further  quantity  of  tballous  chloride.  On  investiga- 
tion, this  was  found  to  be  due  to  an  increased  solubility  of  tballous 
chloride  in  potassium  carbonate  solution,  for,  whereas  thallons  chloride 
dissolves  to  the  extent  of  3-86  grams  per  litre  in  water  at  25°,  it  is 
soluble  to  the  extent  of  21-84  grams  per  litre  in  a  5i\r-8olution 
of  potassiam  carbonate.    A  study  of  the  curve  representing  the 

the  snlphllT  dioxide  is  carefully  poured  down  the  lido  of  the  vessel  conlunhig  tllO 

SttbstAnce  to  bo  reduced.  The  first  few  drops  prolines  a  mass  of  fine  ico  crystals  on 
the  surfAce  of  the  solution  which  effectual ly  prevents  any  loss  when  the  rpsidne  of 
the  liquid  is  added.  Reduction  by  incans  of  liquid  salphor  dioxido  is  oiily  rocom- 
nieuded  when  a  good  draught  is  obtainable. 
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incraase  of  eolubility  gives  no  indication  of  the  presence  of  double 

The  potaesium  earbonate  nsed  in  theee  determinations  was  Kabl- 
banm'fei  purest^  bat  was  found  to  contain  small  quantities  of  potasslam 
hydfoxide^  and  was  therefbre  parified  by  digesting  with  aloobo]. 

The  potassinm  carbonate  was  dissolved  in  wnter  to  make  solutions  of 
various  streogths,  which  were  accurately  determined  by  titration. 
Dry  thallous  chloride  was  added  to  these  solutions,  placed  in  a  series  of 
bottles.  The  bottles  were  then  closed  by  well-fitting  8topporK,  which 
were  also  covered  with  watertight  cap^^,  and  placed  in  a  thermostat  at 
25^  and  shaken  for  several  days.  When  the  solutions  were  saturated 
with  thallons  chloride,  they  were  carefully  analysed,  the  thallium 
being  estimated  by  the  method  already  described.  The  results  of  a 
series  of  determinations  are  given  in  table  II.  Column  1  jfives  the 
concentration  of  potassium  carbonate  in  gram-molecules  per  litre  ; 
column  2  that  of  thallous  chloride  in  gram-moleculos  per  litre ; 
column  3  the  increase  in  solubility  of  thallous  chloride  in  gram- 
molecules  due  to  the  presence  of  potassium  carbonate ; 

Tablb  n. 


8. 

3. 

1. 

2. 

Increased  sola- 

1. 

2. 

Inoreased  solu' 

Cone.  TlCl.  bilityofTlCl. 

Cone.  K^CO,. 

Cone.  TlCl.  bilityofTlCl. 

0-0000 

0  0161 

0-0000 

0-8887 

0  0636 

0-0475 

O'OOftS 

00184 

0*0023 

1-8380 

0-0744 

0-0688 

00186 

0-0'iOl 

0*0040 

17774 

0-0816 

0  0655 

0  0465 

0  02:i9 

0  0078 

2-2217 

0-0862 

0  0701 

00930 

0-0289 

0*0128 

4-4435 

0  0904 

0-0743 

01650 

0-0489 

0*0828 

8*0788 

0*0916 

0*0764 

▲  eurre  showing  the  relatioiisliipe  between  the  increase  in  the 
eoneentfation  of  the  potassium  oarbonate  and  that  of  the  thallous 
ehlorfde  gives  no  indieation  of  the  farmation  of  a^  double  salt.  The 
general  fonn  of  the  curve  is  a  hyperbola,  as  is  evident  from  t))e 
figures  in  table  n.  Whether  or  no  there  are  eomplez  ions  in  the 
solution  cannot  be  decided  from  solubility  determinations,  but  wotld 
follow  from  a  determioation  of  the  eleetropotential  of  such  solutions 
against  a  thallium  eleotrodcL  Determinations  of  this  nature  are  in 
progress. 

The  cost  of  material  used  in  this  investigation  was  covered  by 

portion  of  a  grant  from  the  Research  Fund  Committee  of  the  C9iemic%} 
Society. 

CpiMlcATi  Laroratory, 
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LXXXI. — The  Constituents  of  Cyprus  Origamtm  Oil. 
Isolation  of  a  New  Terpene  (Origanene). 

By  Samuel  Sukowder  Pickles,  M.Sc. 

DuBivo  h»  Tint  to  Oypriu,  in  1904,  Troi,  W.  R.  Donttan  obtaiiiad 
a  small  quaatiiy  of  the  oil  distiUod  looally  from  the  prinotpal 
origanam  plant  of  the  island,  and  arranged  for  fnrlhor  supplies  to 
be  forwarded  to  tlie  Imperial  Institute  for  examination.  An  account 
of  the  preUmioarj  examination  was  published  in  the  Bidletin  of  the 
Imperial  Institute  (1906,  p.  296).  The  physical  constants  of  the  oU 
were  recorded,  and  it  was  shown  that  the  principal  constituent  of 
the  oil  is  carvaerol,  which  is  present  to  the  extent  of  83*5  per  cent. 

The  present  investigation,  undertaken  at  the  suggestion  of  F^. 
Dnnstan,  deals  with  the  further  examination  of  the  constituents 
of  this  oil. 

Of  several  oils  of  origanum  and  thyme  produced  in  Cyprus,  this, 
the  most  important,  is  the  origanum  oil,  resembling  that  known  in 
commerce  as  **  oil  of  Cret^ui  origanum,"  about  3000  lbs.  of  which  are 
now  annually  ex})orted. 

Oils  containing  carvacrol  are  obtained  from  several  species  of 
Origanum  growing  in  countries  bordering  on  the  Mediterranean,  the 
two  chief  being  (1)  Trieste  origanum  oil,  which,  according  to  Gilde- 
nieisler  and  Hoffmann  (J  o/a/t7e  Oils,  p.  022),  is  probably  derived  from 
Origanum  hirtuviy  Lk.,  and  (2)  Smyrna  origanum  oil,  derived  from 
Origanum  Smymaeumy  Linn.  According  to  the  Index  Kewensie,  the 
latter  is  a  synonym  for  0.  Onites,  Liun. 

There  is  at  present  some  little  doubt  as  to  the  exact  botanical 
species  of  the  plant  furnishing  the  Cyprian  oil.  It  is  known  in  the 
island  by  the  name  "  PiyaKi;,"  and  is  regarded  by  Dr.  Gennadius,  late 
Director  of  Agriculture  for  Cyprus,  as  Origanum  OnitM^  Holmboe, 
a  Norwegian  botanist,  regards  the  plant  as  0.  dubium,  a  sub-species  of 
0,  MarUf  L,  A  botanical  specimen  sent  recently  to  Kew  was  identi6ed 
as  Origanum  nuyortUMf  although  the  oil  differs  widely  from  that  pro- 
duced by  0.  inajoi'ana  as  grown  in  Spain.  Holmes  (Pkarm.  J.,  1907« 
79,  378)  has  also  recently  examined  the  plant,  and  finds  that, 
although  it  is  closely  allied  to  0.  nufjormna^  it  differs  from  it  in 
certain  rsspeots,  particularly  in  being  perennial,  and  he  proposes  to 
refer  it  to  Willdenow's  0,  nu^oramitUi. 

The  physical  properties  of  the  oil  and  the  yield  of  oarvaerol  are 
almost  identical  with  those  of  the  Trieste  oil  (0.  AMfMn,  Lk.).  On 
the  other  hand,  the  low  content  of  carvacrol  in  Smyrna  origanum  oil 
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(from  25  to  60  per  cent.)  appears  to  indtoate  a  different  botanieal 

Trieste  origanum  oil  was  examined  by  Jabns  {Arek,  Pharm.f  215, 
1)  in  1879,  who  first  showed  that  the  oil  eontained  carvacrol.  He 
obtained  small  quantities  of  anotiier  phenol  (0*2  per  cent.),  which 

not  identified,  but  which  was  said  to  produce  a  violet  coloration 
with  ferric  chloride.  Jahns  further  stated  that  the  non -phenolic 
portion  of  the  oil,  after  several  rectifications  over  sodium,  boiled  for 
the  most  part  between  172"  and  176  ,  and  consisted  principally  of 
cymene,  the  presence  of  which  was  shown  by  the  formation  of  cymene- 
sulphooic  acid.  He  also  mentioned  that  this  fraction,  when  shaken 
with  concentrated  sulphuric  acid,  developed  the  odour  of  sulphur 
dioxide,  a  fact  which  would  seem  to  indicate  the  presence  of  terpenes. 

Smyrna  origanum  oil  was  examined  by  Gildemeister  in  1895 
(Arch.  Pharm.^  233,  182).  It  was  found  to  differ  from  the  Trieste 
oil  in  that  it  contains  the  aliphatic  alcohol,  linalool,  in  considerable 
amount.  On  account  of  the  low  specific  gravity  of  the  hydrocarbon 
fraetion,  155 — 163°  (sp,  gr.  =  0*826),  it  was  thought  to  contain  olefinic 
terpenes.  Besides  earvacrol,  the  oil  was  shown  to  contain  cymene 
and  /-linalool. 

An  analyRis  of  Cyprus  origanum  oil  by  Francis  (CAsmisf  and 
DruggUi,  1907,  70,  3fi6),  Government  Analyst  of  Oypros,  has  also 
recently  been  published.  From  the  results  given,  however,  it  would 
seem  that  he  had  merely  distilled  the  oil  and  named  the  various 
frmetions  on  the  assumption  that  the  oil  was  a  thyme  oil,  without 
altempthig  to  examine  them  chemically.   His  results  are  as  foUows : 

Sample  No.  1.  Sam  pie  No.  2. 

Water    2'«0  2  00 

Light  oil,  boiliDK  bdow  160*    1-80  2H)0 

TbymeiM,  dittilflng  at  160  -165^    6  40  2*40 

Cymene,  „        170—180°    7  60  8*80 

Thymol,  „        2W    8160  84  80 

100  00  100-00 

If  the  above  surmise  is  incorrect,  some  other  explanation  of  these 
results  is  required,  as  230°  is  the  correct  hoiling  point  for  thymol, 
whereas  carvacrol  boils  at  236*^.  Francis  also  remarks  that  the  best 
way  to  remove  the  thymol  is  to  cool  the  oil  to  0^,  when  the  thymol 
separates.  Now,  as  the  melting  point  of  pure  carvacrol  is  0°,  it  cannot 
be  made  to  crystallise  from  an  oil  merely  by  cooling  to  that  tempera- 
tare,  although  t  yinol  (m.  p.  51*5°),  were  it  present,  might  reasonably 
be  expected  to  do  so. 

Farther,  the  hydrocarbon  (h.  p.  160 — 165"^)  is  certainly  not  identical 
with  thymene  (probably  ^pinene}  isolated  by  Lallemand  (Compl.  rmtd,, 
1863,  37,  498)  from  thyme  oil. 
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Oeewrrenee  and  Constttuiion  of  Oriyanmie" 

During  the  course  of  the  present  mvestigation,  an  examination 
o!  the  hydrocarbons  eontain«d  in  Cjpras  origanum  oil  revealed  the 
presence  of  a  terpene,  the  properties  and  derivatives  of  which  do  not 
coincide  with  those  of  any  previously  described  member  of  the  terpene 
group.  The  name  "  origanene  "  ie  proposed  for  this  hydrocarbon,  and 
it  has  been  considered  of  interest  to  elacidate  as  to  ae  pOMible  the 
constitation  of  this  apparently  new  enbetanoe.  With  this  object 
in  view,  the  following  ascertained  facts  are  to  be  considered. 

Analysis  shows  the  formula  of  origanene  to  be  OjoHig.  Its  speoifio 
gravity  at  16^  is  0*847,  and  refrMtive  index  1-480.  As  obtained 
by  distillation,  the  hydrocarbon  has  a  slight  optical  rotation  (+1^50' 
in  a  1-dem.  tube),  bat,  as  all  the  hydrocarbon  fractions  of  the  oil  also 
show  a  slight  rotation,  this  is  possibly  dne  to  the  presence,  as  im- 
purity, of  a  small  quantity  of  some  strongly  active  snbetance.  The 
boiling  point  of  the  terpene  was  found  on  two  different  occasions  to  be 
160—1647750  mm.  and  163—1667765  mm. 

On  treatment  with  bromiiio  in  the  cold,  origanene  forms  only  a 
dibromo-additivo  compound,  and  by  the  action  of  hydrogen  bromide 
in  acetic  acid  solution,  even  at  130''  in  a  sealed  tube,  only  a  mono- 
hydrobromide  is  obtained.  By  shaking  origanene  with  dilute  sul- 
phuric acid  for  five  days,  it  is  partly  converted  into  terpin  hydrate. 
Only  a  slight  pink  coloration  is  produced  when  the  hydrocarbon 
is  dissolved  in  acetic  anhydride  and  a  drop  of  sulphuric  acid  is  add«»d. 
When  origanene  di bromide  is  treated  with  alcoholic  potash,  hydro- 
gen bromide  is  readily  eliminated  from  the  molecule^  and  the  resulting 
product  is  )9-cymene. 

Origanene  yields  a  oolourless,  crystalline  niirosochlojHde,  but 
apparently  does  not  form  a  solid  nitrosite  as  do  the  phellandrenes 
and  terpinene.  On  oxidation  of  the  hydrocarbon  by  hydrogen  per* 
oxide  in  neutral  solution,  saccinio  add  is  prodnoed. 

The  comparattvily  low  boiling  point  of  the  hydrocarbon  suggested 
the  possibUity  of  its  being  either  an  open-chain  terpene  of  the  Byvcene 
type^  or  a  bridged  cyclic  compoimd  of  the  pinene  or  fendiene  type. 
The  high  specific  gravity  (0*847)  and  the  fact  that  only  a  dibraoiida  is 
formed  on  treatment  with  bromfaBe,  render  the  open-chain  theofy 
nntenable.  On  the  other  hand»  the  bridged  eyeUo  terpenes,  pinene, 
fenchene,  <Ssc.,  have*  specific  gravities  holier  than  that  of  wiganene, 
and,  on  heating  terpenes  of  this  class  with  an  acetic  acid  solution  of 
hydrogen  bromide,  the  bridged  linking  is  usually  resolved  and  dihydro- 
bromides  are  formed.  Tho  other  alternative  is  to  consider  origanene  as 
a  luoaocyclic  compound  containing  two  conjugated  ethylenic  linkio^Si  " 
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wad  this  view  agrees  best  with  the  experimemUtl  evidence.  The 
molecular  refraction  is  found  to  \ye  45*54,  which  agrees  with  the  value 
calculated  for  CjoH^J-,  (45-24),  whereas  C,oH,g|-  requires  43*53. 
AscmDing  that  there  is  one  closed  ring  in  the  molecule,  the  formation 
of  torpin  hydrate  on  shaking  origanene  with  dilate  sulphuric  acid, 
taken  in  conjunction  with  the  obsei'vations  that  p-cyiiiene  it  readily 
formed  from  criganene  and  that  on  treatment  with  acetic  anhydride 
and  hulphurie  acid  only  a  slight  pink  coloration  is  produced,  leads  to 
the  conclusion  that  the  terpene  is  a  />-menthadiene.  Having  regard 
to  the  ease  with  which  origanene  dibromide  yields  j»-cymene  on.  treat- 
ment with  alcoholic  potash,  it  appears  probable  that  both  the  bromine 
atoms  are  in  the  ring,  and,  if  so,  it  follows  that  both  the  doable  bonds 
must  previoQsly  have  been  in  the  ring.  Finally,  of  the  possible 
p-menthadienes  having  a  conjugated  system  of  double  bonds  inside 
the  ring,  only  one  can  give  snoeiiiic  acid  on  oxidation,  samely»  the 
A'''>/^-menthadiene, 

Accepting  this  formula  for  origanene,  the  formation  of  the  dibromide 
can  reasonably  be  represented  as  follows  : 

CMe<^2,^^^>C'CHMei + Br^ 

0MeBr<^^^^>CBr«CHMe,-2HBr 

CMe<^;^  :^|J>C-CHMe,. 

The  formation  of  terpin  hydrate  from  a  compound  having  this 
formula  appears  at  first  sight  to  present  some  difficuUy»as  the  product 
which  might  have  been  expected  is  the  terpinene  terpin^  m.  p* 
136— ia7°, 

Cai,.C(OH)<^^^:^2«>C(OH).CH<^2». 

Bearing  in  mind,  however,  the  ease  with  which  isomerisation  takes 
place  amongst  terpenes»  especially  in  add  solution,  it  is  quite  con- 
ceivable that  the  first  action  of  the  acid  is  to  cause  a  shifting  ci  the 
double  bonds  with  the  formatton  of  dipentene,  which  would  then  pass 
Into  terpineol  and  terpin  hydmto. 

The  A^-'-p-menthsdiene  formula  has  been  put  forward  at  least  twice 
proviously  as  representing  the  constitution  of  other  terpeoee*  It  was 
suggested  as  the  formula  for 'terpinene  by  WalUch  in  1891,  and, 
although  the  torpinene  formula  most  generally  accepted  at  the  present 
time  appears  to  be  that  advanced  by  Harries  (Ber.,  1902,  35,  1169), 
it  has  never  been  quite  abandoned  by  Wallach. 

This  same  formula  was  ascribed  by  Harries  (AnnaleUt  1903,  32d| 
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922)  to  one  of  the  hydrocarbons  which  oocur  in  the  mixture  of 
terpenes  obtained  by  distillsng  the  phosphate  of  dihydrocarvylamine. 
The  boiling  paint  of  this  terpene  wss  174— 176<>  {W  higher  than  that 
of  origMMno),  and  saodnio'aoid  was  obtained  on  oxidation  witli 
ponnanganato  aolntbo.  No  obaraetoriatic  derivatiT6B  w«re^  however, 
deaoribedt  and  it  was  not  stated  whether  the  hydrocarbon  formed  di- 
or  tltra»halogen  additive  oomponnde.  It  ie  thne  impoasible  to  bbj 
whether  or  not  it  reeembles  origanene. 

MaoamkuUion  of  Cjfpnu  Origawum  OiL 

PkiftM  CharaeUn, — ^The  oil  is  golden-brown  in  eolonr,  but  rapidly 
darkens  on  ezposnre  to  air.  It  possesses  a  rather  pleasant  odonr, 
somewhat  resembling  that  of  thyme  oil»  has  «  bnming  taste,  and 
produces  a  smarting  effect  when  applied  to  the  skin  of  the  face. 

Specific  gravity  at  15°/15°«»  0*967.  Optical  rotation  iu  I  dem, 
tube  =  +0°V2'. 

The  oil  gives  a  clear  solution  with  one  or  more  volumes  of  60  per 
cent,  alcohol. 

Chemical  £xamtnation.—T\\e  oil  was  subjected  to  a  preliminary 
examination  for  the  presence  of  free  acids  by  shaking  a  portion  witli 
sodium  carbonate  solution.  On  afterwards  acidifying  the  alkaline 
washings  and  extracting  with  ether,  only  a  trace  of  an  aoid  having 
the  odour  of  taobutyric  acid  was  obtained.  Another  portion  of  the  oil 
wa;i,  with  negative  results,  tested  for  aldehydes  and  ketones  by  shaking 
with  a  saturated  solution  of  sodium  hydrogen  sulphite. 

Separatum  of  the  Fkmolie  /*orltoit.^Foor  hundred  grams  of  the  oil 
were  shaken  with  2  litres  of  5  per  eent.  sodium  hydroxide  solution, 
and  the  mixture  allowed  to  stand  for  about  four  hours.  The 
aqueous  alkaline  solution  was  then  separated  from  the  oily  layer, 
and  an  estimation  of  the  phenols  present^  based  on  the  diminution 
in  volume  whieh  the  oil  had  sustained,  indioated  a  phenol  oontent  of 
62*5  per  oent.  It  was  found,  however,  that  even  after  this  tieatment 
some  carvaerol  remained  dissolved  in  the  oily  portion;  this  was 
removed  by  a  further  treatment  with  sodium  hydroxide  solution,  and 
amounted  to  an  additional  1*5  per  cent.,  bringing  the  total  phenolio 
oontent  up  to  84  per  cent.  The  phenols  were  subsequently  liberated 
from  the  alkaline  solution  by  acidifying  with  dilute  sulphuric  acid. 
The  oil  was  thus  separated  into  (a)  phenolic  portion,  and  (b)  non- 
phenolic  portion. 

Jdentijieation  of  Carvaerol. — The  aqueous  alkaline  extract  on  treat-  • 
ment  with    sulphuric  acid  yielded  a  golden-brown  oil  ;   this  was 
washed,  first  with  sodium  carbonate  solution,  then  with  water,  and 
afterwards  distilled  at  atmospheric  pressure.    A  little  water  first 
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passed  over,  but  afterwards  the  temparature  rapidly  rose  to  235°,  and 
practically  the  wholo  of  the  remaining  liquid  distalied  at  235 — 237°. 
The  boiling  point  of  pure  car^acrol  is  236°,  whereas  that  of  thymol 
is  230°.  Anaiyais  of  the  oU  (b.  p.  235^237°)  yielded  the  foUowiog 
reanltB : 

01747  gave  0*6105  CO,  and  0-1U2  H,0.   C  -  79*9 ;  H  •  9*2. 
OiqHj^O  requires  0-80*0 ;  H[»9'8  per  cent. 

The  specific  gravity  at  16°/15°  was  found  to  be  0  08 10.  On  dis- 
solving a  little  of  the  oil  in  alcohol  and  adding  a  drop  of  ferric 
chloride  solution,  the  green  coloration  characteristic  of  carvacrol  was 
observed.  The  nitroso-derivative  was  prepared  by  treating  a  solution 
of  the  phenol  in  alcohol  (previously  saturated  in  the  cold  with  hydrogen 
chloride)  with  a  concentrated  aqueous  solution  of  sodium  nitrite  (Klages, 
Ber.,  1899,  32,  1578).  The  yellow,  crystalline  compound  obtained 
melted  at  153 — 154°,  and  was  identical  with  nitrosocarvacrol  (Wa)lach, 
B«r.,  1892,  25,  1663).  The  nitioso-compound  of  thymol  melts  at 
161 — 162°.  The  phenylcarbamic  mter  waa  also  prepared  by  the  action 
of  phenyl  cyanate  on  the  phenol  in  the  presence  of  a  little  alumioium 
chloride  (Goldschmidt,  Ber.,  1893,  26,  2086).  It  crystallised  from 
dilute  methyl  alcohol  in  colourless,  needle-ahaped  eryetala,  nelttng  at 
140°,  and  identical  with  those  obtained  from  pure  carvacrol. 

There  can,  therefore^  be  no  doabt  that  the  phenolic  portion  of  the 
oil  consbU  almoat  entirely  of  carvacrol.  Indicatione  were,  however, 
observed  of  the  presence  of  a  small  quantity  of  another  phenol.  If 
the  alhaline  eolation,  containing  the  sodium  salt  of  carvacrol,  is  shaken 
with  ether,  all  the  carvacrol  can  be  extracted.  When  no  more  phenol 
is  yielded  to  the  ether,  it  is  possible,  by  acidifying  the  aqueous  liquid, 
to  obtain  a  small  quantity  of  another  phenol,  which  differs  from 
carvacrol  in  that,  in  alcoholic  solution,  it  gives  a  beautiful  purple 
coloration  with  fenriie  chloride.  It  possesses  a  pleasant  odour  similar 
to  that  of  wood  creosote,  and  is  a  brown,  viscous  liquid  having  a 
tendency  to  solidify : 

01320  gave  0-3580  CO  and  0  1020  H,0.    C  =  73  9  ;  H-8-6. 
Oj^Hi^Os  requires  C  »  73*3 ;  H  -  8*9  per  cent. 

Its  properties  are  consistent  with  the  idea  that  it  is  possibly  a 
hydrozymethozytTniene,  but  the  small  quantity  obtained  (0*4  gram) 
did  not  allow  of  further  confirmation. 

Mmmm/iiiiaiuin  ^  ih$  ffon-pkmoUo  Porfton.— As  the  odour  of  the 
original  oil  is  markedly  different  from  that  of  pure  carvacrol,  it  was 
considered  of  importance  to  ezamine  more  dosdy  the  noo-phenoUe 
portion  of  the  oil.  The  yield,  however,  is  only  about  16  per  cent,  of 
the  total,  so  that  it  was  necessary  to  work  up  a  fairly  large  quantity 
of  the  oil,  the  phenolic  portion  being  removed  by  the  process  ^already 
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described.  TIm  oil  remaining  was  then  subjected  to  distillation  under 
reduced  pressure,  and  thus  roughly  sefMrated  into  three  Cnustions.  The 
first  fraction,  boiling  below  80^15  mm.,  was  distilled  from  a  wnter-baibt 
and  afterwards  a  metal-bath  was  used.   Tiie  three  fxaciione  wen : 

(1)  fraction  boUing  below  8O715  mm. 

(2)  „         „     at  80— 126<Y16  nun. 

(3)  „         „    above  mm. 

These  were  examined  separately.  The  first  was  dextrorotatory 
and  consisted  almost  entirely  of  hydrocarbons ;  its  examination  forms 
the  chief  part  of  the  present  communication.  The  second  portion  also 
contained  some  hydrocarbons,  which  on  redistillation  boiled  below 
80^/15  mm.,  but  consisted  principally  of  a  lievorotatory  terpined-like 
compound  ;  the  third  fraction  contained  high  boiling  oxygenated  com- 
pounds, which  have  not  yet  been  fully  investigated. 

/Vodtofi  boiling  bdow  80^/15  mm.^On  redistillatbn,  this  portion 
was  first  separated  into  two  fractions,  boiling  respectively  at  65 — 69°/ 
16—20  mm.  and  69—80715—20  mm.  The  first  of  these  distillates 
was  furthef  fractionated  at  atmospheric  pressure  (750  mm  ),  and  a 
portion  boiling  fairly  constantly  at  160 — 164^^^^  finally 
obtained.    On  analysis  : 

0-1880  gave  0  6060  CO.^  and  0-1950  H^O.    C  =  87-9;  H-ll'S. 
C|qH|^  req[uu:es  C  »  88*2  ;  H  =  1 1  *8  per  cent 

As  it  was  ai^arently  not  quite  free  from  oxygen,  the  liquid  waa 
redistilled  over  sodium  and  analysed  at  once.  The  numben  then 
obtained  were  found  to  agree  well  with  the  formula  O|0H|^ : 

0*1590  gave  0-5150  00s and  0*1665  H,0.   0-^88*3;  H-ll*6. 
C,oHiQ  requires 0» 88*3;  H-ll-8  percent 

This  liquid  appears  to  consist  of  a  hydrocarbon  in  a  fairly  pure  state. 
Pending  fui  lIilu  investigation  of  its  constitution, the  name  '*  oriffauene  " 
is  proposed  for  it.  This  hydrocarbon  is  a  colourless,  refractive  liquid 
of  sp.  gr.  0  847  at  16°.  It  possesses  a  characteristic  odour,  somewhat 
lemon-like,  but  quite  distinct  from  the  odour  of  cymene  or  limonene. 
As  obtained  by  distillation,  it  had  a  slight  optical  activity,  giving  a 
rotation  of  +  I'^aO'  in  a  l-dcm.  tube.  A  determination  of  the  refractive 
inde;c  gave  ni>»  1'480. 

D^rivalives  0/  OriganeM, 

Niirat^-^khridet  C,oUj^,N001. — ^For  the  preparation  of  the  nitroso> 
chloride,  the  hjrdroosrboB  (S  o.e.)  was  dissolved  in  methyl  alcohol  and 

a  few  drops  of  acetic  acid  were  added.  Amyl  nitrite  (4  c.c.)  was  then 
added,  and,  after  cooling  to  -  10°  in  a  freezing  mixture,  hydrochloric 
acid  (2  c.c.)  was  dropped  in  gradually,  the  liquid  being  constantly 
dhakeu.    The  nitroso-chluride  separated  at  oi)ce  in  colooi-less,  needle* 
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■baped  crystals.  More  methyl  alcohol  was  now  added,  and,  after  aUow- 
ing  the  ilask  to  remain  in  the  freesing  mixture  for  twenty  minntes,  the 
crystals  were  collected,  well  washed  with  methyl  alcohol,  and  dried  on 
a  porous  plate. 

The  mUrotoMaride  is  not  a  very  stable  oompoand,  it  decomposes  at 
once  on  heating  in  alcoholic  solution,  and  on  standing  alone  for  a  few 
days  beoomeft  coloured.  Its  melting  point,  which  is  also  a  decomposi- 
tion point,  lies  between  91^  and  9i°,  depending  on  the  speed  of  heating. 
At  this  point  it  decomposes  violently,  leaving  a  dark  red  liquid  in  the 
tube.  Owing  to  this  liability  to  decompose,  it  is  difficult  to  obtain  the 
compound  sufficiently  pure  for  analysis  : 

0-1600  gave  0  1060  AgCl.    CI- 16*4. 

CioHieONCl  requires  01 ->  17*6  per  cent 

The  niirclbmat^Umine,  CioHu(:NOH)«NH'C7U7.— This  is  formed 
when  the  nitrosoHshloride  is  dissolved  or  suspended  in  ethyl  alcohol  and  a 
slight  excess  of  benaylamine  is  added.  The  reaction  takes  place  almost 
at  once^  but  it  ia  advisable  to  warm  the  mixture  in  the  water*bath  and 
allow  it  to  stand  for  a  short  time.  On  adding  water,  the  crystalline 
nilrolbenzylami'M  is  precipitated  in  small,  well-defined  prisma.  After 
recrystallising  from  diluto  methyl  alcohol,  the  meltiug  point  was 
104—105°: 

01820  gave  0-4980  CO,  and  0  1 480  B.f>,    C«  74*63;  H-9-0, 
CifH^tON,  requires  0«  75*0 ;  K-8-8  per  cent. 

The  nUrolpipmdide,  O^ja^^fillSiOKyiflOi^B^f^,  was  obtained  in  the 
Bsme  way  from  the  nitros<^^ioride  by  using  piperidine  in  place  of 
benzylamine.'  It  crystallises  from  methyl  alcohol,  ethyl  alcohol,  or 
ethyl  acetate  in  long,  colourless,  prismatic  needles  melting  at  19€^: 

0'2360  gave  23  0  c.c.  of  nitrogen  at  77'J  nun.  and  18  ^    N=  11*5. 
CijHjgONj  requires  N  =  I  i  2  per  cent. 

ThB  hydrochlo7'ide, — The  hydrocarbon  forms  only  a  monohydrobalide 
compound.  For  the  preparation  of  the  hydrochloride,  the  terpene 
(3  grams)  was  mixed  with  glacial  acetic  acid,  and,  after  cooling  in  a 
freezing  mixture,  dry  hydrogen  chloride  was  passed  into  the  solution 
for  thirty  minutes.  Tite  liquid,  which  had  then  become  slightly  pink, 
was  allowed  to  stand  for  an  hour,  water  wss  then  added,  and  the 
mixture  well  shaken,  when  an  oily  liquid  separated ;  this  was  washed 
with  more  water,  then  with  very  dilute  sodium  carbonate  solution,  and 
dried  over  calcium  chloride : 

0-3730  gave  0-3060  A -Ul.  01-20-24. 

C,oU,7Cl  requires  01  •■20*58  per  cent. 

The  hydrochloride  is  a  colourless  oil  with  a  pleasant  odour.  Its 
specific  gravity  at  Id""  is  0^d2. 


Digitized  by  Google 


870 


PICKLES:  THE  CONSTITUENTS  OP 


The  dibromi'ie. — For  tho  preparation  of  the  dibromide,  origanene 
(2  c.c.)  was- mixed  with  chloroform  (4  c.c.)  and  cooled  in  a  freezing 
mixture.  Bromine  in  chloroform  solution  (1  c.c.  =  1  gram  Br)  was  then 
added  drop  l»y  drop  until  tho  brown  colour  of  the  liquid  was  permanent. 
At  this  point  hydrogen  bromide  began  to  he  evolved.  Two  c.c.  of  the 
bromine  solution  had  been  added,  equivalent  to  2  grams  of  bromine. 
On  calculation  this  wa«  found  to  be  almost  exactly  the  quantity  of 
bromine  required  for  the  formation  of  the  dibromide  Cj^Hj^Br^  A 
current  of  dry  air  was  then  pas^d  through  the  solution  to  remove  the 
chloroform,  and  the  liquid  remainiag  wm  left  in  »  vacuum  desiocator 
for  a  short  time. 

The  dibromide  obtained  in  this  way  was  an  oily,  deep  yellow  liquid 
having  an  odour  resembling  that  of  turpentine.  It  is  apparently  not 
very  stable,  for  on  standing  in  the  open  air  it  becomes  dark  ooloured. 

Attempts  to  obtain  a  crystalline  nitrosite  of  origanene^  sueb  as  is 
formed  in  the  case  of  the  phellandrenes  and  terpinene,  weve  un- 
sucoesFfuL 

The  kydnhnniiUde,~-'With  the  object  of  obtaining  if  possible  a  dihydro- 
balide  derivative  of  origanene,  the  hydrocarbon  was  submitted  to  the 
action  of  hydrogen  bromide  under  conditions  which  might  be  expected 
to  cause  the  rupture  of  a  bridged  ring,  if  such  were  present  in  the 
molecule.  To  the  terpene  (2  c.c.)  a  considerable  excess  of  an  acetic 
acid  solution  of  hydrogen  bromide  (saturated  at  0^)  was  added. 

The  mixture  was  allowed  to  remain  in  the  cold  for  a  day,  and  it  was 
afterwards  heated  in  a  sealed  tube  to  130*  for  two  hours.  Even  In 
these  dicumstances,  however,  only  1  molecule  of  hydrogen  bromide 
could  be  made  to  combine  with  the  CjoH^^  molecule.  After  washing 
the  product  free  from  acids  and  drying  over  calcium  chloridci  it  was 
obtuiued  aa  a  yellow,  oily  liquid,  somewhat  denser  than  water: 

0-2800  gave  0'2440  AgBr.    Br  =  37  1.  ' 

C^^Uj^Br  requires  Br    36*9  per  cent. 

IVtaimifU  of  OrigantM  with  Dilute  Sulphmrio  Aeid*  Prodi^Mm 

TorfMk  Hfd/rati* 

Tlie  hydrocarbon  (5  c.c.)  was  mixed  with  a  5  per  cent,  aqueous 
Roiution  of  sulphuric  acid  (750  c.c.),  and  shaken  at  lut^rvais  for 
several  days.  On  opening  the  bottle,  the  original  odour  of  the  terpene 
had  disappeared,  and  the  contents  had  acquired  a  somewhat  cineol- 
like  odour.  A  quantity  of  oil  remained  undissolved,  and  this  was 
first  separated ;  the  aqueous  solution  was  then  saturated  with 
ammonium  sulphate,  and  extracted  several  times  with  ether.  After 
the  ovfiporatiou  of  the  ethereal  solution,  a  residue  remained  which 
became  solid  on  cooling.     On  recrystallisation,  the  greater  part 
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separated  in  colourless,  prismaiio  crystals,  whioh  melted  at  118 — ^119^ 
and  gave  off  water  at  thla  point.  This  anbatanoe  was  fonnd  to  be 
terpin  hydrate,  and  on  treatment  witb  ooncentiated  hydriodic  acid  the 
charaoteristic  dtpenteoe  dihydriodide,  m.  p.  79 — Sff*,  was  prodnoed. 

From  the  mother  liquor  of  the  erystalliaation,  another  aet  of 
oystala  waa  obtained,  evidently  a  miztnre^  and  by  treating  thia 
with  ether  and  rapidly  pouring  off  the  aoWent  a  purttal  separation 
waa  effected.  Thia  solution  yielded  a  small  quantity  of  crystalline 
material  melting  indefinitely  between  126''  and  131*^  without  oTolution 
of  water.  The  quantity  obtained  waa  tob  small  for  characterisation. 

Action  of  Alcoholic  Fotath  oii  Oric/anene  Dibroniidt,    Production  of 

For  this  experiment,  the  dibromide  was  prepared  by  dissolving 
the  hydrocarbon  in  acetic  add,  and,  after  cooling  in  a  freesing 
mixture,  adding  bromine  (in  acetic  add  solution)  slowly  until  the 
brown  colour  was  permanent.  The  acetic  add  was  then  removed  by 
washing  with  water,  and  the  dibromide  thus  obtained  was  a  pale 
yellow,  heavy  oil. 

The  liquid  dibromide  (12  c.o.)  was  placed  in  a  flask,  fitted  with 
a  condenser  tube,  together  with  a  considerable  excess  of  alcoholic 
potash,  and  heated  on  the  water-bath  for  an  hour.  Fotassium 
bromide  separated  almost  immediately,  and  during  the  boiling  the 
liquid  became  dark  brown.  On  removing  from  the  water-bath,  much 
water  was  addled,  and  tlio  oily  portion,  which  bepaiated  on  standing, 
was  run  off  and  dissolved  in  ether.  The  solution  was  washed,  dried, 
the  ether  evaporated,  and  the  remaining  oil  was  distilled  in  steam. 
The  first  portion  to  pass  over  was  a  colourless  oil,  lighter  than  water, 
haviog  the  odour  of  cymene.  This  constituted  about  50  per  cent,  of 
the  oil,  and  passed  over  in  the  first  few  minutes  of  the  distillation. 
A  quantity  of  dark-coloured,  heavy  oil  remained  in  the  iiask,  and 
this  distilled  much  more  slowly. 

The  light  oil  was  redistilled,  and  was  found  to  boil  almost  entirely 
between  173°  and  176°.  On  adding  a  few  drops  of  bromine  in  acetic 
acid  to  a  portion  of  the  liquid,  it  acquired  at  once  a  permanent  brown 
ecdour,  indicating  a  saturated  condition.   On  analysis ; 

0*1260  gave  0*1190  H,0.   H- 10*5. 

0*1665  „  0-1600  H,0.  H-lO'd. 

O|0H|4  requires  10*45  per  cent. 

The  hydrocarbon  was  dissolved  in  concentrated  sulphuric  acid  and 
heated  on  the  water-bath  at  00°  for  a  few  minutes,  the  product  waa 
poured  into  water,  neutralised  with  barium  hydrozide»  and  the  mixture 

then  heated  to  boiling  and  filtered  while  hot.   The  aqueous  filtrate 
VOL.  XCIU.  •    3  M 
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was  evaporated,  and  the  residue  obtAinod,  after  reerystallising  from 
alcohol,  consisted  of  the  shining,  leafy  crystals  characterutic  of  the 
barium  salt  of  p-oymenesulphonic  acid.  This  salt  hM  the  composition 
(0|oHi,OgS),B%3H20.  It  was  heated  in  the  air-OFen  at  IW  until 
aahydrongy  and  then  analysed : 

0*3030  gave  0-1 260  BaSO^.   6a  -  24-4. 

^20^2 A^2^*^  requiree  BaA84*3  per  cent. 

Finally,  the  cymcnesulphonic  acid  was  obtained  by  decomposing  the 
barium  salt  with  sulphuric  acid  ;  it  separated  from  dilute  sulphuric 
acid,  on  evaporation,  iu  plate  liko  crystals,  melting  ut  50 — 51°  and 
having  the  composition  CjQH}2*SOgH,2H,0. 

Oxidation  of  OrigwMm  with  Hydrogen  Pmwndt.    Production  of 

Suoemio  Aeid» 

The  terpene  (5  c.c.)  was  mixed  with  a  88  per  cent,  aolation  of 

hydrogen  peroxide  quite  free  from  acid  (the  **  perhydrol "  of  Mmk), 
and  the  mixture  was  shaken  for  some  time  in  the  cold  and  afterwards 
during  lieating  on  the  water  bath.  After  about  one  hour,  the  solution, 
which  liad  become  acid,  was  neutralised  with  potassium  hydroxide  and 
allowed  to  stand  overnight.  The  contents  of  the  flask  were  then 
found  to  have  again  become  acid,  and,  after  further  neutralisation,  the 
aqueous  layer  was  separated  and  evaporated  to  a  small  bulk.  The 
liquid  was  then  acidified,  and  a  current  of  steam  was  passed  through 
to  remove  the  volatile  acids.  The  remaining  portion  was  again 
evaporated  almost  to  dryness,  and  extracted  several  times  with  ether. 
This  etlioreal  solution,  on  evaporation,  yielded  an  oil  which  soon 
deposited  crystals,  and,  after  standing  for  two  days,  the  crystalline 
portion  was  dried  on  a  porous  p^ate  and  recrystallised  from  water. 
It  then  melted  at  184 — 185°,  and  possessed  the  crystalline  form  and 
cluuracteristic  bitter  taste  of  succinic  acid.  On  mixing  a  little  with 
pure  succinic  acid,  the  melting  point  was  not  altered,  A  small  quantity 
of  the  acid  was  heated  in  a  teat-tube  with  a  large  excess  of  aoetio 
anhydride  for  ten  minutes.  Most  of  the  aoefeic  uihydride  was  then 
evaporatedi  and  the  remaining  liquid  was  allowed  to  remain  over 
potash  in  a  ▼aeuum  desiccator  for  a  day.  The  residue  was  then 
found  to  oonsist  of  needle-ahaped  crystala  melting,  without  further 
purification,  at  119^.  The  melting  point  of  succinic  anhydride  ia 
119 — 120^.  On  adding  a  few  drops  of  water  and  heating  to  dryness 
on  the  water-bath,  succinic  acid,  m.  p.  184 — 185^,  was  again  formed. 

Previous  to  the  employment  of  hydrogen  peroxide  as  the  oxidising 
agent,  nitric  acid  and  potasdum  permanganate  had  been  tried,  but 
the  oxidation  products  obtained  did  not  provide  the  conclusive  evidence 
required.    The  nitric  acid  oxidation]  yielded  oxalic  acid  and  a  nitrated 
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fffodnot  whioli  oonld  not  eadly  be  identified.  Permanguiate  eolutioD, 
on  the  other  hand,  gave  oxalic,  WMtio,  and  Mobutyric  acids,  and  an 
uncrystallisable  syrup. 

ExamituUion  of  Fraction  Boiling  at  60 — 80715 — 20  mm, 

IdmU^hUion  ^  CymMM. — ^Thie  fraetion  had  a  dietinot  odour  of 
eymene^  end*  as  this  hydrooarbon  had  been  previously  teoognised  as  a 
oonstitiieiit  of  origanum  otI»  it  was  hoped  that  a  separation  would  be 
possible  simply  by  distillation.  On  analysing  the  various  dittilhition 
produets»  however,  the  results  obtained  always  indicated  a  mixture  of 
eompounds  of  the  formuts  0,oH|4  and  0|oHj«.  Moreover,  the  different 
fractions  rapidly  deoolorised  permanganate  solution,  and  combined 
immediately  with  bromine  even  in  the  cold.  The  following  is  a 
typical  analjrsis  of  the  fraction  boiling  at  174 — 176** : 

O-iaiq  gave  0-42G0  CO,  and  0-1300  HjjO.    C  =  88-7;  H-U-02. 
CioHj^  requires  C  =  89-5  ;  H=10-5. 
CioH,g      „      C  -  88-2  ;  H  -  1 1  -8  per  cent. 

A  mixture  containing  equal  parts  of  CjoHj^  and  OjoH^^  would  require 
C  =  88'8,  H«ll*2  per  cent.,  which  is  very  near  the  result  actually 

obtained. 

OmidiUim  ioi^Hydroxy\w>propylhenzoic  AM, — For  the  identification 
of  cymene,  2  grams  of  the  above  fraction  were  oxidised  with  potassium 
permanganate  solution  (12  grams  in  330  ac.  of  water)  by  heating  the 
mixture  on  the  water-bath  until  the  colour  of  the  permanganate  had 
disappeared.  The  manganese  dioxide  was  then  removed,  and  the 
aqueous  solution  evaporated  to  dryness.  The  potassium  salts  remaining 
were  boiled  with  alcohol,  which  dissolves  the  salt  of  p-hydroxyisepropyU 
benaoic  add,  the  solution  filtered,  evaporated  to  dryness,  and  the  acid 
liberated  with  dilute  sulphuric  add.  In  this  way,p-hydroxyt«opropyl- 
benzmc  add  was  obtained,  whieh,  after  reerystalltsing  from  alcohol, 
melted  at  166— 157"*. 

On  boiling  a  portion  of  this  acid  for  a  few  minutes  with  fairly 
concentrated  hydrochloirio  add,  it  was  converted  into  tiopropenylbmioic 
add.  This  was  dried  on  a  porous  plate,  crystallised  from  diluted  ethyl 
alcohol,  and  was  then  found  to  melt,  after  previous  darkening,  at 
256—267°. 

As  it  is  conceivable,  however,  that  cymene  might  be  produced  from 
certain  terpenes  by  oxidation,  an  attempt  was  made  to  isolate  cymene 
by  another  process.  The  fraction  boiling  at  174 — 176°  was  mixed 
with  glacial  acetic  acid  and  cooled  in  a  freezing  mixture.  Dry 
hydrogen  chloride  was  then  passed  through  the  liquid  until  it  was 
saturated,  the  terpenes  present  being  thus  converted  into  the  hydro- 
chlorides.   After  removing  the  free  acids  by  washing  several  times 
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with  water,  the  remaining  liquid  was  carefully  heated  in  a  difitilling 
flask  under  a  pressure  of  1 3  mm.  A  distillate  was  obtained  which 
boiled  between  70°  and  80713  mm.;  this  was  redistilled,  and  the 
lowest  boiling  fraction  collected  separately.  Thia  had  the  eharacterisfeie 
odour  of  cymene^  and  on  analysts  gave  fignrea  agreeing  approximately 
with  the  formula  C10H14.  On  oxidation,  this  also  gaye  p-hydroxytso- 
propylbenaoio  aeid  (m.  p.  165 — 156°)  as  in  the  former  case. 

Ptmsimm  of  a  TIML  JTyilroedirftoR.— It  has  been  observed  that  it  was 
found  impossible,  by  distiUatton,  to  separate  the  cymene  from  a  terpene 
fraction  boiling  about  the  same  temperature.  As  this  is  from  10°  to 
15°  higher  than  the  boiling  point  of  origanene,  the  presence  of  a  third 
hydrocarbon  was  suspected.  The  suspicion  was  coafirmed  on  ezamining 
the  product  obtoined  by  treating  the  cymene  fraction  with  hydrochloric 
add,  for  it  was  found  that  a  considerable  quantity  of  a  di hydrochloride 
(CjoHi0,2HCl)  had  been  formed.  It  has  been  shown  that  origanene 
forms  only  a  monohydroehloride  under  the  same  conditions.  Owing 
to  the  difficulty  in  separation,  however,  this  third  hydrocarbon  has  not 
been  identified.  It  yields  only  oily  halogen  and  hydrogen  halide 
derivatives,  and,  although  a  striking  blue  colour  is  produced  with  amyl 
nitriUi  and  hydrochloric  acid,  no  .solid  nitroso-chlonde  separates  out. 
It  is  readily  attacked  in  the  cold  by  Beckmann's  chromic  acid  mixture, 
and  \a  therefore  possibly  a  compound  of  the  terpinene  type. 

FrwAian  Boiling  at  80— 125710--16  mm. 

On  redistilling  this  fraction,  a  considerable  quantity  of  a  liquid 
boiling  below  80°^waR  tirst  obtained.  This  consisted  mainly  of  hydro- 
carbons, and  was  added  to  the  previous  fraction.  The  remainder 
boiled  for  the  most  part  at  110 — 120°/ 10 — 15  mm.  It  pos>esse(l  a 
pleasant  odour,  reminiscent  of  menthol  and  camphor,  and  on  cooling 
in  a  freezing  mixture  it  became  very  viscous,  but  could  not  be  made 
to  solidify.    The  specific  gravity  at  14°  wa.s  0'934. 

The  fraction  was  slightly  l»vorotatory,  giving  a  rotation  of  -  4°0 
in  a  1-dcm.  tube  : 

0-1600  gave  0  4600  COg  and  0-1640  H^O.    0  =  78-4;  H-ll-4. 
CjqUuO  requires  G»77-9 ;  H»ll*7  per  cent* 

The  somewhat  camphor-like  odour  suggested  the  possible  presence 
of  a  ketone,  but  attempts  to  obtain  a  semicarbasone^  phenylhydrasone^ 
or  oxime  were  unsuccessful.  Previous  to  the  analysisy  the  oil  had 
been  treated  with  alcoholic  potash  to  test  for  the  presence  el  est  era, 
but  a  subsequent  examination  of  the  potash  solution  failed  to  reveal 
the  presence  of  adds. 

AcUon  ^  Phmy^  CjfotuUe, — small  quantity  of  this  fractieii  (3e.e,) 
was  mixed  with  an  equal  volume  of  phenyl  cyanate  and  allowed  to 
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9bukd,  witlumt  beatiog,  for  two  weeks.  A  alight  pink  oolour  had 
developed,  end  a  erystelline  eolid  bad  then  8eparated»  bat  the  bulk  of 
the  miztare  remained  Hqnid  even  after  a  lubfi^quent  heating  on  the 
water-batb.  The  solid  wbiob  had  separated  was  fonnd  to  be  diphenyl- 
oarbimide  (m.  p.  235°),  prodooed  by  the  phenyl  cyanate  abstraeting 
the  elements  of  water  from  the  compound.  No  phenykarbamio  ester 
was  formed. 

Tr$akn«ni  witk  PkthaUe  Anhifdride.— With  the  view  of  obtainiog  a 
-  phth&lio  aotd  eeter  of  the  oompoand,  2  co.  of  the  above  fraction  were 
mixed  with  phthalic  anhydride  and  a  little  benzene,  and  heated  on  the 
water-bath  for  two  hours ;  the  combination  which  had  taken  place 
was,  however,  almost  negligible,  as  on  treating  the  contents  of  the  llask 
with  cold  sodium  hydroxide  solution,  and  afterwards  titrating  with 
sulphuric  acid,  almost  all  the  phthalic  anhydride  was  found  to  be 
present  as  phthalic  acid. 

Action  qf  Dilute  Sulphuric  Acid,  Conversion  into  Terpin  Hydrate. — 
A  portion  of  the  same  fraction  (5  c.c.)  was  mixed  with  benzene  (2  5  c.c.) 
and  shaken  with  750  c.c.  of  5  per  cent,  sulphuric  acid  for  five  days. 
At  the  end  of  this  time,  the  oily  liquid,  consisting  of  benzene  and  a 
little  of  the  original  liquid  which  had  remained  unchanged,  was 
separated,  and  the  acid  aqueous  portion  was  then  saturated  with 
ammonium  sulphate  and  extracted  several  times  with  ether.  The 
ethereal  extract  was  evaporated  to  a  small  bulk  and  allowed  to  cool. 
Prismatic  crystals  soon  separated,  which  melted  at  117 — 118°.  They 
were  identical  in  crystalline  form  with  terpin  hydrate,  and  on  mixing 
the  two  together  no  lowering  in  meltiog  point  was  observed. 

A  qoantity  of  this  crystalline  material  was  shaken  for  a  few 
minutes  with  oonoentrated  hydriodic  acid  (sp.  gr.  1-94).  A  solid 
eompoond  was  at  once  formed,  which  after  recrystallisation  from  light 
petroleum  melted  at  79 — dif,  the  oorreet  melting  point  of  dipentene 
dihydriodide. 

•  The  original  oil  (fraetion  110^12(^/10—15  mm.)  on  treatment 
with  hydriodio  add  does  not  yield  a  solid  dihydriodide.  This  fraetion 
would  thus  ssem  to  eonsiBt  of  a  terpene  alcohol  similar  to,  althongh 
not  ideotieal  with,  terpineoi. 


Portion  BoiUng  ahov$  126710—15  mm. 

The  higher  boiling  fraction  (above  125^10 — 15  mm.)  is  a  viscous, 
highly-ooloared  liquid,  the  odour  of  whicb  is  quite  different  from  that 
of  the  preceding  fraction.  It  is  apparently  a  mixture  of  oxygenated 
oompounds,  but  up  to  the  present  no  single  substance  has  been 
obtained  from  it  in  a  condition  suflkiently  pure  for  charaeterisatton. 
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It  contains  no  methoxy-  or  ethoxy-compounds,  and  esterii  il  {irawi^tffct 
aU,  form  aolj  *  yerj  mbaU  proportion  of  Uut  InhoUon, 

iSWwMry  ^  Cmtiiimmit. 

The  constituents  of  the  origanum  oil  of  Cyprus  may  be  summarised 
as  follows : 

(1)  Cjirvacrol,  about    84 '0  per  eeai. 

(2)  A  aecond  phenol  haviuc  a  creosote-like  odour,  about...      0*2  „ 

(3)  Free  acid,  probably  ifomityrie  add   tmob 

(4)  Origaneue,  CuHmi  about    .  $*6  „ 

{el  &es}»>' ^    M 

(7)  Terpens  elooboli  (b.  p.  100— ISSVlO-lS  mm.),  abevt     «•»  „ 

(8)  Bendtte,  boiUog  abore  126710—15  mm.,  about   1  „ 


In  comdiiBioii,  tbo  autlunr  wiihet  to  Mknowledge  his  indo!»tedneM  to 
Prof.  W.  R.  Donstan,  Director  of  the  Imperial  Institute,  in  whose 

laboratory  the  investigation  has  been  conducted,  and  also  to 
Air.  B.  J.  Katon,  who  made  some  of  the  original  estimatiouh  and 
experimentii  on  Cyprus  origanum  oil. 

Impmbial  Institute, 

80UTB  KurSIKOTON,  S.W 


LXXXII. — The  Molecular  Complexity  of  Amides  in 

Various  Solvents. 

By  AhDBBW  KoBMAN  IfBLDBUM  Mid  WlLLIAK  ErNKT  StBPBIN  ToMBB. 

The  theory  of  solution  recognises  that  a  solute  may  exist  in  three 
distinct  conditions,  namely,  (1)  in  single  molecules  (the  normal  condi- 
tion)y  (2)  in  the  ionised  state,  and  (3)  in  associations  of  molecules. 
Numerous  instances  of  each  of  these  came  under  the  notice  of  Kaoult 
(Ann.  Chim.  Phy$.,  1884,  [vi],  2,  66),  but  could  not  be  rightly 
distinguished  from  one  another  until  1887,  when  tb0  van't  Ho£t« 
Avogadro  hypothesis  indipated  which  should  be  regarded  as  the 
normal  state  of  things.  It  wbb  then  found  that  the  phenomenon  of 
aasooiation  in  solution  was  of  oommon  occurrence. 

As  to  the  causa  of  the  phenomena  of  diseooiation  and  ssioeietion» 
the  theory  of  eleetrieity  indieatee  that  there  eadsts  a  dose  eonneadon. 
between  the  dieleotrio  constant  of  a  solvent  and  the  extent  to  wlikh 
it  allows  of  dissociation  or  assooiatioa  of  the  eolote.  This  was  fitat 
indicated  by  J.  J.  Tlionieon  iona  paper  on  the  disduofe  of  eleetMly 
thiougli  gases.  He  points  ant  the!  "if  the  foiosa  wUek  Md  tlM 
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moleottle  iogvtiMr  are  •toetrioal  in  their  origiii,  ,  ,  .  ,  tbaM  fomt 
will  be  Twy  nmAh  diminiiliedawlieii  tbe  moleeole  ,  .  .  is  siimimded 
by  a  tiibetaaoe  like  water  poeioering  a  very  tlarge  speoiflo  in- 
dneliive  oapacity"  {PkiL  Mof.,  1898»  [v],  36/313),  So  miioli 
for  eleotroljtio  diaaooiatioii.  On  tbe  other  handf  it  is  obvkraB  that  in 
the  oaae  of  a  aolnte  the  moleoolee  of  whioh  tend  to  aaaodate^  this 
tendency  may  have  free  play  in  a  solvent  of  low  speeille  indneliTe 
capacity,  and  may  be  hindered  by  a  solvent  the  specific  inductive  cap- 
acity of  which  is  high.  This  corollary  to  Thomson's  proposition  is  due  to 
Nernst,  who  says,  "  Wir  warden  erwarten  kcinnen,  dass  Losungsmittel 
um  so  starker  Doppelmoleciile  zu  spalten  vermogen,  d.h.  eine  um  so 
grossere  dissocierende  Kraft  besitzen,  je  grosser  ihre  D.  E.  ist.  Dies 
bestatigt  aich  vollkommen.  ..."  {Zemch.  phyaUuU.  Clmfk,  1894,  13, 
636). 

The  early  work  of  Raoult  was  variously  corrected  and  confi.rmed 
and  extended  by  Beckmann  (Ber.,  1888,  21,  766,  1163;  Zeitsch. 
phfjsikal.  Ck&m.,  1888,  2,  715)  and  Patern6  {Ber.,  1888,  21,  3178; 
1889,  22,  1430;  Gazzetta,  1889,  19,  640).  This  work  is  usually 
summarised  in  the  statement  that  phenols,  alcohols,  carbozylic  acidS| 
and  oximes,  that  is,  hjdroxylio  8abstanoes»  are  associated  in  benzene 
solution.* 

Much  of  the  subsequent  work  in  the  field  of  molecular  association  in 
solution  has  been  done  under  the  direction  of  Aawers.  In  the  course 
of  tUs  work,  observations  on  aoetanilide  and  certein  urethanes  having 
shown  that  these  substances  are  associated  in  benzene  eolation  (Auwers 
and  Ewing,  ZmiUoh,  ph^nktU,  Chmn,,  1893,  12,  689),  a  special  stody  of 
tiie  amides  was  made  by  Auwers  in  oonjnnction  with  Fbul  {he,  etl^ 
1894,  15, 38),  Nser  (Iss.  eU„  1897, 23, 449)  and  Dohm  (foe.  eif.,  1899, 
80,  529).  The  phenols  had  been  shown  to  possess  a  strong  tendenej 
to  assosiation  in  hydroosrbon  solution,  and  now  the  amides  were  f6und 
to  be  eryoeeopically  abnormal  in  even  a  higher  degree  than  the  phenols. 

Tlus  reeemblanee  between  the  phenols  and  the  amidee  leads  naturally 
to  a  consideration  of  their  chemical  constitution.  The  tendency  of  the 
alcohols  and  phenols  to  molecular  association  being  ascribed  to  the 
presence  in  these  substances  of  the  hydroxy  1  group,  one  must  doubtless 
Ascribe  the  same  tendency  in  the  amidee  to  the  hydroxyl  group  again. 
So  Auwers  reasoned  in  1893. 

The  coDjecture  that  the  amides  by  constitution  are  hydroxylic  com- 
pounds, moreover,  fell  in  with  the  tendencies  of  organic  chemistry.  So 
long  ago  as  1868,  Wanklyn  and  Gauigee  {Journ.  Ckem.  Soc,  21,  31) 
had  said  in  advocating  for  carbamide  the  constitutional  formula 
NH:C(NH2)*0H,  "  this  formula  is  not  new."    For  thiocarbamide, 

*  As  a  matter  of  Oict,  nomerous  exc«ptiooB  to  this  statement  are  to  be  found  ux 
PdUruo  a  work. 
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Kathke  (Ber.,  1881,  14,  1776)  was  the  first  to  suggest  thefomula 
2^H:qNH,)-SH.  In  1890,  Tafel  and  Enoch  {Ber.,  23,  103)  snggested 
that  hennmide  has  the  oon8titationNH:CPh*OHand  not  HH^-OOPh, 
beeaoM  dt  the  ease  with  which  they  were  able  to  obtain  Inoi  it 
Pinner's  benaminoethyl  ether,  NH:OPh*OEt. 

In  Anwers'  series  of  rssearohes,  the  solvent  was  always  a  hydroosrbon. 
Beginning  witli  the  observation  that  bensamide  is  assodated  when 
dissolved  in  water,  we  have  studied  the  moleenlar  oomplexity  of  the 
amides  in  a  variety  of  solvents.  In  this  way,  we  have  obtained  much 
information  that  we  did  not  expect,  and  could  not  have  obtained  had 
we  eon6Ded  our  work  to  one  class  of  solvent. 

On  beginning  this  work,  we  had  to  decide  which  of  the  several 
molecular  weight  methods  to  adopt,  and  then  which  of  the  varioos 
forms  of  apparatus  to  use.  The  freezing-point  method,  which  admittedly 
gives  more  aa:uiate  values  than  the  boiling-point  method,  would  have 
meant  a  far  too  restricted  choice  of  solvents  and  of  amides  for  our  par-  | 
poses.    Auwers,  who  used  the  freezing-point  method,  confined  himself  | 
to  one  solvent  throughout  a  research.     In  the  earlier  researches, 
benzene  was  used,  but  this  was  abandoned  later  in  favour  of  naphtha- 
lene, so  as  to  avoid  the  poor  solvent  power  of  benzene  at  its  freezing  i 
point.    We  decided  to  use  the  boiling-point  method,  and  were  thereby  i 
enabled  to  include  ethyl  alcohol  among  the  solvents  studied,  and  i 
among  the  amides  many  which  are  sparingly  soluble  in  water  at  0°. 
As  it  turned  out,  these  are  two  important  advantages. 

For  a  preliminary  survey  of  the  field^  we  used  the  modification  of 
Landsberger's  apparatus  introduced  by  Walker  and  Lumsden  (Trans., 
1898,  73, 502).  We  next  used  the  Beckmann  apparatus;  in  this  cafe 
the  process  is  slow,  a  disadvantage  in  itself,  and  one  which  leads  to 
other  disadvantages.  TThere  may  be  a  loss  of  solvent  by  diffusion  of 
vapour,  and  when  the  solvent  is  water  there  are  special  diffionlties.  The 
tendem^  to  superheating  is  greater  than  with  any  other  solvent*  and 
the  elevation  of  boiling  point  smaller,  so  that  the  e^BEsct  of  superheating 
is  more  dangerous.  Farther,  in  the  course  of  a  protracted  ezperimen^ 
alkali  may  be  dissolved  from  the  glass  vessel,  and  hydrolysis  of  the 
amide  may  go  on. 

The  Lumsden*Walker  process  has  the  cardinal  virtue  of  being 
expeditious,  so  that  it  almost  avoids  the  difficulties  which  beset  the 
Beckmann  process.  Moreover,  as  the  work  advanced,  we  found  that 
the  apparatus  could  be  used  for  the  purpose  of  more  accurate  work 
than  the  devisers  of  it  had  believed.  They  say,  expressly,  that  their 
method  is  adapted  for  obtaining  values  easily  and  rapidly  in  the  course 
of  ordinary  organic  and  inoi  ganio  lesearoh  work,  but  not  forobtaioiog 
accurate  values  foi  piiysico-chemical  purposes  (loc.  cU.t  p.  503). 

I 
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The  poerible  soorow  of  error  in  the  LumBden- Walker  method  are 
three :  (I)  The  prooeas  may  be  regarded  as  eonsieting  of  the  dietilla- 
tioii  of  a  Hqaid.  FraetSooation  goee  on,  so  that  if  the  liquid  is  impure, 
for  this  reason  alone  the  boiling  point  rises,  an  error  which  we  avoided, 
so  far  as  our  experiments  required,  bj  careful  purification  of  the 
solvent. 

(2)  Usually,  the  amount  of  the  solvent  is  determined  by  weighing. 
In  the  Lumsden-Walker  apparatus  the  volume  of  the  solution  is 
measured,  and  taken  to  be  proportional  to  the  nolvent.  This  procedure, 
which  is  due  in  principle  to  Arrheoius  {Zeitsch.  phi/sikal.  Chem.,  1888, 
2,  493),  and  which  has  been  followed  recently  by  Price  (Tmns.,  1907, 
91,  531)  and  by  Blackman  (Proc,  190(5,  22,  175;  ./.  Physical  Cheni., 
1907,  11,  681),  involvBH  the  assumption  that  the  volume  change 
which  accompanies  the  process  of  solution  is  nej^ligible.  Expansion 
during  solution,  whicli  as  a  matter  of  fact  often  occurs,  means  that 
the  fjuantity  of  solvent  is  somewhat  overestimated  by  the  volume 
uiethod,  and  this  again  means  that  the  molecular  weight  of  the  solute 
is  found  too  low.  A  comparison  between  the  two  methods  instituted 
by  Beck  man  n  {Zeiisch.  phi/sikal.  Chem.^  1881,  2,  736)  showed  that  they 
do  not  lead  to  quite  the  same  result,  the  volume  method  giving  lower 
results  than  the  other,  especially  at  higher  concentrations  of  the 
solution,  an«l  such  is  our  experience,  aUo^  in  carrying  out  experiments 
by  the  two  methods  side  by  side. 

It  is  by  no  means  certain,  according  to  the  ordinary  solation  theory, 
that  the  results  of  the  weight  method  are  right,  and  tliose  of  the 
volume  method  wrong.  Beckmann  was  careful  not  to  decide  between 
the  two  {lo9*  eU.,  p.  740).  £jcpansion  during  solution  has  a  con- 
sequence be»ides  the  one  alreudy  mentioned.  It  involves  a  diminution 
of  the  ooocentration  of  the  solntjon,  and  at  tlie  same  time  presumably 
a  diminution  both  of  the  osmotic  pressure  and  of  the  boiling-point 
elevation.  Finally,  if  the  elevation  of  the  boiling  point  is  too  small, 
the  molecular  weight  is  found  too  latge,  and  this  error  has  free  play 
in  the  weight  method,  whilst  in  the  volume  method  it  is  compensated 
for,  more  or  less,  by  the  other  error,  which  is  in  the  opposite  direction. 

Bforse  and  Fraser  {Anur,  Ck&m,  1905,  34,  1)  have  measured  the 
osmotic  pressure  of  solutions  of  sucrose  in  water,  and  in  that  connexion 
have  specially  considered  the  effect  of  volume  changes.  They  say  {loe, 
eit,,  p^  92), "  cane  sugar  in  solution  exerts  an  osmotic  pressure  through- 
out the  larger  volume  of  the  solution  equal  to  that  which,  as  a  gas,  it 
would  exert  if  confined  to  the  Rmaller  volume  of  the  pure  solvent." 
I  f  this  view,  which  involves  a  considerable  moditication  of  the  ordinary 
solution  theory,  is  true  for  .solutioiiHi  iu  general,  then  the  weight  method 
is  undoubtedly  superior  to  the  other. 

Actually,  there  is  not  much  difference  between  the  molecular  weights 
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furnished  by  the  two  methods  whan  the  soluiions  are  dUate»  and  this 
eondition  u  fulfilled  whecevar  in  our  paptr  wo  oompovo  tiw  oztoBt  of 
Mooeiaiioii  of  difforent  anudos.  Further,  from  Luneden's  leeuUs 
(Trans.,  1907, 91,  32),  it  would  appear  that  the  moleoukr  volume  of  a 
partionlar  snhstanoe  in  diiEerent  solfents  does  not  vuj  enough  to  bo 
appreciable  in  moleeolar-weight  determinations. 

(3)  The  main  sooroe  of  error  was  pointed  out  by  Walker  and 
Lumsden.  When  the  volttme  of  liquid  in  the  yeaset  is  great^  the 
preasnre  at  the  bottom  of  the  Teeflol  is  greater  than  when  the  volnme 
is  small,  and  oonsequentlj  the  observed  boiling  point  is  higher  in  the 
first  case  than  in  the  second,  and  this  even  when  the  solvent  alone  is 
present.  So  great  is  the  effect  in  the  case  of  carbon  disulphide,  thej 
say,  as  to  preclude  the  use  of  that  solvent. 

We  therefore  determined  by  experiment  the  elevation  of  boiling 
point  of  each  of  our  solvents  corresponding  with  a  certain  increase  in 
the  column  of  liquid,  and  the  data  thus  obtained  *  have  been  used 
throughout  this  paper  so  as  to  oorreot  the  boiling  points  of  solutions 
for  the  error  in  question. 

Although  in  this  work  we  have  used  the  Lumsden- Walker  appai-atus, 
and  that  in  its  original  form,t  we  have  carried  out  some  comparative 
experiments,  in  which  the  volume  and  the  weight  of  the  solution  were 
measured.  The  boiling  tube,  corked  to  prevent  evaporation  of  the 
solvent,  need  be  weighed  only  to  the  nearest  centigram,  and  the  special 
correction  introduced  by  us  (together  with  a  correetion  for  any 
variation  in  the  barometer)  allows  of  what  Landsberger  did  not 
attempt,  namely,  a  series  of  readings  ac  different  dilutions.  The 
process  is  speedy,  and  we  believe  that  it  avoids  the  disadvantages  of 
the  Beokmann  process  without  loss  of  accuracy. 

The  Beckmann  thermometer  is  somewhat  inconvenient  for  use  in 
the  Lumsden- Walker  apparatus  because  it  occupies  too  much  space  in 
the  boUing  tube,  and  causes  ezoessive  frothing  of  the  liquid.  We 
used  the  Landsberger  set  of  thermometers,  the  scales  of  which  are 
divided  into  0K)6*',  and  can  be  read  to  0*005^ 

*  The  data  were  obtained  by  experiments  with  the  bolvents  ouiy,  aud  uot  with 
tiie  BolutionB.  The  thermometer  and  delivery  tube  were  removed  before  the  height 
of  the  liquid  oslsmn  was  read,  to  that  ths  oometkm  por  ststiiiMtM  of  liiaid  is 
obfionsly  dilliusnt  when  s  thmsometer,  or  a  deliveiy  tube,  or  a  boilhig  tabo  of 
different  diameter  from  oqis  is  uied*  In  this  paper,  m  quote  tbs  data  ohiady  at  an 
iadicstion  of  the  amount  of  the  error  in  q,aeitioa : 

Elevation  of  b.  p. 


Solvent.  per  2  mm.  of  liquid. 

Alcohol    0-0027 

BiosMM   OilW 

Chloroform   O'OOM 


Elevation  of  b.  p. 
Solvent.  per  2  mm.  of  Uqatd. 

Ether   0-00S2 

AcetOBO   0-0037 

Wster   0  0044 


t  Nameioas  modiflflstimis  of  tho  origbisl  spparstos  hsTO  been  intioduoed,  not  all 
of  them  imptovemente. 
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Materials. — The  acetamide  (m.  p.  79 — 80"),*  benzamide,  salicylamide 
(m.  p.  138^),  and  benzanilide  (m.  p.  160°)  were  obtained  from 
Kahllmum,  the  carbamide  (m.  p.  132°)  from  Sohuohardt,  and  the 
tricblorolactamide  from  Merck.  Monochloroacetamide  (m.  p.  HQ"), 
diohloroaoetamide  (m.  p.  99*5°  usuallj  given  as  96°  or  98°),  tnchloro- 
aoetamida  (m.  p.  140°),  and  malonaoiide  (m.  p.  168°)  wm  pff0pared 
by  us  from  unmoDta  Mid  the  corresponding  ester. 

The  benzamide  was  crystallised  twice  from  water  and  onee  from 
bensene.  Two  specimens  from  Kahlbaum  and  two  speoimens  prepared 
by  08  melted  at  126°  and  not  128°,  the  melting  point  nsaally 
given. 

The  aleohd,  acetone^  beDiene»  efalorolorm,  and  ether  were  fairly 
pure.  fiSach  eolveDt  was  dried  very  carefully  and  then  fraetionated, 
naing  the  Young  pear  still-head.  In  the  case  of  a  number  of  fractions, 
the  boiling  point  was  constant  within  0*005^.  No  fraction  was  used 
of  which  the  boiling-p<nnt  range  was  more  than  0*02%  except  in  the 
case  of  two  small  samples  of  chloroform,  where  the  range  was  0-03% 
and  these  were  used  for  experiments  in  which  the  elevation  of  boiling 
point  was  large.  • 

The  following  solvent  constants  are  calculated  from  the  weight- 
constants  given  by  Bockmanti,  Fuclis,  and  Gerhanlt  {Zeitsch.  pht/sikal. 
Chem.^  1895,  18,  473),  and  the  .^pocitic  gravities  of  the  bol vents  at 
the  boiling  points  given  by  Beckcnaua  (Zeilach.  phytikeU.  Ch$fn,f  1890, 
6,  412) : 


Alcohol  ..... 

Benzene 

Chloroform 


1590 
3200 
2550 


Ether... 
Acetone 
Water... 


SlOO 

2270 
530 


In  the  following  tables  V  denotes  volume  of  solution  in  c.c 

A     „     elevation  of  boiling  point  (cor- 
rected). 

ilT    „     number  of  milligram  molecules 
of  solute  per  100  c.c.  of  solution, 
if  molecular  weight  in  solution. 


M  IB  calculated  from  the  equation 

volume  constant  x  weight  of  solute 


Fx  A 


*  The  melting  points  were  all  determined  in  the  same  way,  with  the  thermometer 
bolb  at  the  centre  of  a  loog-neokMi  glass  bulb  contaiaing  salphuhc  acid. 
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Solvent — Bemm$, 


IT. 


BwmiUde  (ILW. sl21).  07ie  gnun. 

31-4  0*590  27*6  181 

31-4  0-440  18-8  106 

877  0-376  167  162 

48-6  0-800  18-8  157 


AeetaniHOt  (M.W.- 186),  2*282  grams. 

32-4  0-930  51-0  237 

36-9  0-866  46-0  2^ 

88-65  0-815  41-7  £21 

44-2  0*745  87-4  217 

MoiutldaroaedimitU  (K.W.  =98*5), 
0*822  gram. 

23-0      0-850       15-0  123 

28-  4       0-280       12  1  130 

35-  4       0  220        9-7  132 

TricJiloroacelamidc  ( M .  W.  =  HI2  5), 
2*980  gimmt.  ' 

29-  4  1-415  61-3  225 
83-1       1-265       54-4  224 

36-  8  1  166  49-0  219 
40*7      1-080      44-8  217 


r.      A.      N.  it, 

iSraiteyfomi<k(H.W.Bl87),  1*100 

85*0      0*880      28*0  180 

0-685  gram. 

23-95     0-525       21  6  174 

80*4      0*420      16*6  172 

36*4       0-380       M-1  163 

48*4       0  315       11-6  160 


Bemanilide  (M.W. 

19  3  0-570 
26-6  0-420 
84*4  0*880 


197),  0-762  gimn. 

20-0  2-22 
14-6  218 
11-2  815 


DiohlonaeeUimide  (M.W.  sl28). 
1*550  grams. 

28  9       0-915  41-9  187 

0-835  181 

36  2       0-766  33-4  179 

41*0      0*680  29*5  178 

TricJUorolactamidc  ( M.W.  =  192-5), 
1*190  gnns. 


23-4 
28-0 
88-6 
42*0 


0-570 
0-4V)0 
0-430 
0*860 


'26-4 
22  I 
18-4 
14*7 


288 
277 
264 
252 


MvetU — CMoro/orm, 


V,  A. 

£emamuU  (M.W.  = 

22-  1  1  056 
25*0  0-970 

28-5  0-865 

83-1  0-760 

23-  6  1  080 
26  1  1-006 
81*1  0*880 
35-7 
39-4 


121),  1  435  grains. 

63-6  157 

47*6  151 

41*6  148 

85-8  145 

Bl85j,  1*706  grams. 

53  5  171 


0-755 


0-695 

wfM«Bmftb(M.W.i 

28-4  1-690 

2d  2  1-566 

34-7  1-340 

89  r,  1-170 

44-8  1-075 


48-8 
40*6 

35-4 
321 


166 

163 
161 
168 


^69),  1*710  grams. 

124-0  110 


102-8 
83-6 
73-1 
65-4 


09 
94 
94 
91 


V.  A. 

Salinjln  in  ide  (M.W, 

24-0  0-420 

27*4  0-870 

32 -n  0-820 

3g-6  0-266 


=  137),  0  591  gram. 

18-0  149 

157  149 

13-1  143-6 

11-2  148 


.aensmiafiltf  (M.W.8197),  1*761  grams. 

22-8  0-065  39  2  205*6 

26-0  0  865  34-3  201 

aO-O  0-740  29  8  203 

87-8  0-585  24-0  207 

Monoehloroaeetamide  (M.W.  =93-6), 
0*699  gram. 


22-9 
20  8 
30-8 
84*8 
40*^ 


0G85 
0-615 
0-530 
0470 
0*415 


32-6 
28-5 
24-3 
21*4 
18*5 


113*5 

110 

109 

109 

10^ 
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<Sbf«0iil— CMoro/bm  (oontitiiMd). 


r. 

v. 

A. 

M. 

JHdUoroaetkmiUU  (If  .W. 

alSSX 

AeeUimide  (M/\V.  =59),  0-690  gmm. 

1*448  gnna. 

19-6 

0-985  51-1 

82 

217 

1-000 

51-8 

26  0 

0765  40 

78-5 

26-9 

0-880 

43*6 

39*3 

0*880  84*1 

76 

39*4 

0*786 

88*8 

169 

0-806  89'8 

74 

88-9 

0706 

88*8 

164 

TridUanaeeiamide  (M.W. 

=  162-5), 

Triehhrotadamide  ( M.  W.  ^ 

=  192-5), 

1*968  gnuDB. 

1*146  gnms. 

20  0 

1-175  60*0 

211 

18-2 

o-sno 

327 

272 

22-9 

1  085  52-5 

201 

0-515 

26-4 

251 

28-5 

0-895  42-0 

195 

26-9 

0-460 

221 

236-6 

SSI 

0786  86*3 

191*6 

81*6 

0*426 

18*8 

217 

46-4 

0-806 

18*1 

211 

V. 


A. 


N. 


M, 


Salicylamuie  (M.W. 
21-3  0-465 


=^137).  0  463  gram. 


22-8 
24*8 

26-4 

as  <j 


0-426 
0-890 

0-365 

0-305 
0  290 


15-9 
14-8 
187 
12-8 
10-6 
10-1 


MS 
148 
149 
149 

148 
147-5 


Dichloroa(rtavnih  (M.W.  =  128), 


TriOiiorUaieUmidt  (M.  W.  s  192*6), 


1*876  g 

rims. 

15-9 

1-015 

61*8 

360 

17'4 

0-9H0 

56-0 

348 

0-76U 

42-5 

326 

26*9 

0-696 

887 

810 

82*9 

0*606 

29*6 

292 

V. 


A. 


M. 


AeeianUide  (M.  W.  =186),  0*476  gnm. 


23-  6 

24-  9 
28*6 

32  5 
34-8 


0-360 
0  340 
0*296 
0-260 
0-260 


14-9 
14-1 
12*8 

10-8 
10-2 


173 
173 
174 
174 

m 


Triehhroeucta  m  ide  { M .  W.  =  162  6), 


1  '1  tjG   J^l  .U118. 

2 -384 

graniH. 

17*8 

1165  5i-a 

176 

197 

1955 

74  5 

192 

21*8 

0-996  42*7 

170*6 

22-6 

1720 

66-8 

191 

25-5 

0-866  86-8 

164 

25-3 

1-680 

57-9 

190 

31*6 

0-706  28*8 

162 

27-8 

1-406 

62-7 

189 

0-855  gram. 

80*8 

1-286 

47-6 

186 

2720 

21-1 

0-790  31-7 

169*5 

grams. 

22-2 

0-766  30-1 

168 

36-0 

1-296 

47-9 

186 

287 

0*720  28-2 

166 

86*9 

1-220 

46*4 

187 

26*6 

0*680  26-2 

168 

88*6 

1-186 

48-6 

186 
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I 
I 


I 


Mr, 


(M.W.S121),  2*605  gitiiit. 


21  •! 

23-6 
26  9 
29  0 
81*9 


22-0 
36*6 

32-8 
38-4 
410 


2-060 

1'870 
1-660 
1-540 
1*426 


98*2 

87-7 
76-8 
71-4 
64*8 


1814  grams. 
1-610  68-1 


1*270 

1-050 
0-890 
0-880 


66*4 

45-8 
39-1 
86-6 


181 

129 
127 
127 
126 


124 
122 
120 
121 
121 


Benzanilidc  (M.W.  =  197),  2-227  grams. 

26-2  1-0-20  43*2  189 

29*8  0-906  87*9  187 

33-4  0-820  33-9  185 

37  1  0-726  80-6  187 

MwMChJoroacdam  ide  ( M .  W.  s  98  *6)» 


Triciiloroautamidc  (M.  W.  =  162-6), 


A. 


A'. 


jr. 


Satk^tunidt  (M.  W.  ^187),  2*100 


24*6 

28  1 
82  1 
85*0 
88*1 


1*690 

1-460 
1-255 
1-145 
1*086 


62*6 

55-0 
48-0 
44-0 
40*0 


116 

116 
118 
119 
121 


AcfUimliik  (M.W.  =135),  1-777  grama. 


23 '4 
26*6 

29 '3 
33  0 
86*5 


1-410 
1*286 

11 20 
1-005 
0-890 


56-3 
49*6 

44-9 
39-9 
36-0 


122 
128 

123 
122 
124 


Acetamide  (M.W.  =  59),  2-226  grams. 


24-2 
29-8 

34 '8 
39-9 
42-1 


2-740 
2*870 

2-070 
1-845 
1-745 


1561 
128-6 
109-1 
94-6 
89-5 


76 
78 
71 
69 
69 


SHcklaroncetam  ide  ( M .  W. » 128), 


2-654 

gtams. 

1768 

grams. 

29-5 

2075 

96-3 

99 

24-9 

1-430 

55-5 

113 

81*4 

1*966 

90-8 

97*6 

27*2 

1-296 

60*8 

114 

83-6 

1-^55 

SI -5 

97 

29-9 

M70 

45-2 

115 

37-0 

1-695 

76-7 

96 

33-3 

1-040 

41-4 

116 

40-2 

1-575 

70-6 

95 

37-0 

0-930 

87-3 

117 

Trkklm-olactamide  (M.W.  =192-6), 


2  804 

grams. 

2-911 

grams. 

22-2 

2-075 

77-6 

138 

23  0 

1-600 

65-7 

179 

24-4 

1-905 

70-6 

137 

26-9 

1-440 

58-4 

177 

27-3 

1-690 

63-3 

138 

29  1 

1-280 

52-0 

178 

29-9 

1-620 

67-7 

140 

32-3 

1-150 

46-8 

178 

88*0 

1-880 

62*8 

140 

86*4 

1*046 

42*7 

179 

88*8 

0*996 

89*0 

182 

rhamidf  (M.W. 

=  60),  0-247 

gram. 

37-4 

0-235 

11*0 

64 

89*6 

0*226 

10*4 

68 

41*7 

0*210 

9*9 

64 

V,       A.       N.  jr. 

Btmrnmide  (M.W.  =  121),  1*240  grams. 


r. 


A. 


21-0 
24*6 
28*9 

82*3 

87-5 
42-4 


0-765 
0-646 
0*666 

0-515 
0-420 
0-370 


48-9 
41-6 
86*4 

31-7 
27-3 
24-2 


123 
124 
128 

118-5 

125 

1-26 


SalieglamitU  (M.  W.  =  187),  1  -642  gnniB. 

29-6 
82-6 


86*2 
42-1 
46-9 


0-615 
0  656 
0*496 
0-430 
0*896 


38-0 
84-6 
81*1 

26-8 
24-6 


135 
185 
187 
186 
186 
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SolvmU — Aleofiol  (continued). 


A. 


99-6  0-980 


1 185),  2*884  grama. 
SO-O  181 


31-6 
34-8 
87-9 
41-6 
44*1 


0-905 
0-845 
0-780 
0-706 
0-656 


55-8 
60-7 
46*6 
42-6 
40-0 


132 
129 
128 
180 
181 


2t>-A  1*570 


r  60),  1*847  grnus. 


25-4 
27-6 
80*5 
85*7 
88-8 


1-450 
1-340 
1*«06 
0-995 
0*910 


97*0 

90-0 
82-9 
74-8 
63-9 
58  I 


58 

58 
68 
68 

60  - 
60 


Tnchlorolaelamide  (M.W.  =192-6), 


2*130 

grama. 

24*6 

0-776 

46-1 

178 

28-0 

0-675 

39-5 

17S'5 

31-6 

0-600 

35-0 

179 

35*9 

0-530 

30-8 

179 

41*0 

0*400 

27*0 

179 

MaXonnmidt: 

22-2 
24-9 
29-6 
81*9 


(xM.W. 

0-240 
0*226 

0-200 
0-186 


0-400  gram. 
176  119 


15*7 

13-3 
12-8 


118*6 

108 
108 


r. 


A. 


J/. 


Bentanilide  (M.W.  =  197),  1'318  grams. 


29-6 
82*2 

35*8 
40-7 
45-1 


0*886 
0-345 
0-320 
0-275 
0*260 


22-6 
20-8 
18-9 
16-4 
14*8 


185 

189 

185-5 

187 

180 


Monochlaroaeetamide  (M.  W.  =  93 '6), 
2*058  grams. 

27*2      1*260      80*9  96 

29  1      1*160      76-5  97 

32  0       1  065       68-8  96 

85-1      0-985      62-8  96 

89*4      0*870      56*8  96 


2-400 

grams. 

2-380 

gnuna. 

26-5 

1-190 

70-7 

121 

36-3 

0-675 

40-3 

154 

30-6 

1035 

61-2 

120*5 

88-5 

0-640 

88-0 

153-5 

88*1 

0*956 

66-6 

121 

40*6 

0*606 

86-1 

154 

86*4 

0-875 

51-4 

120 

42-7 

0-575 

34-3 

154 

88*8 

0-815 

49-0 

122 

46*6 

0-586 

32*2 

166 

40*9 

0780 

45*8 

120 

Cuthamule  (M.W.  =60),  1'800  grains. 


29-6 

1-445 

104  7 

69 

320 

1*355 

96-9 

68 

34-4 

1-275 

90-1 

67*5 

37-1 

1-175 

83-5 

68 

40-8 

1*110 

76-9 

66 

42*6 

1*066 

72*7 

66 

Solv9nt^Wat$r, 


V.        A.        N.  v. 

Btnzamide  (M.W.  =121),  2-7.20  grams. 


20-5 

0-880 

119-7 

184 

24-2 

0*886 

92-9 

177 

28-5 

0-295 

78*8 

172 

82*8 

0*266 

69^ 

169 

AMkm,iUd4  (H.W.  »186),  1*897  gkuns. 

32-  3      0  140      43-5  222 

33-  4  0  160  42-0  201 
36-0      0-180      39-0  215 

0-7416  gram. 

IS-.^       0-105       29-7  202 

24-2      0-075      22-7  217 


V.         A.         JV.  M. 

Salicylamide  (M.W.  =  137),  2  873  grama. 


20-7 

0-290 

101-3 

253 

23-6 

0-270 

88-8 

239 

29-8 

0-235 

70*4 

217 

82-6 

0*210 

64*2 

220 

AeeUunide  (Bf.W.=69),  2*716  gnuna. 


22*2 

1-125 

207-1 

67-5 

24-4 

1-005 

188-4 

59 

26-8 

0-910 

171-4 

59 

29-1 

0*886 

167*9 

69 

84-7 

0*675 

182-6 

62 
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SoltwU — Walm'  (continued}. 


r.     A.      y.  if. 

ManMenaeeUmide  (M.  W.  s9S-6), 


Trichiaroladamide  ( M.  W.  =  1 92  '5), 


S*805  granu. 

19-1 

0-355  700 

218 

21-4 

0-325  68-0 

214 

24*2 

0-285      60  0 

214 

26-6 

0*870  05*0 

208 

V.      A.      M  ir. 

JHdUonaeiiamiiU  (M.W.»128), 


2*81S  gnuni. 

1*800  glMBI. 

20-6 

0-735      146  1 

98-5 

190 

0-360  74-0 

139 

23  0 

0-655  130-6 

99 

22-8 

0-2S0  «J17 

140 

26*0 

0-676     115  6 

100 

26-3 

0-240  63*5 

152 

S8« 

O'SeS  78-0 

106 

29-7 

0*210  47*4 

154 

Cat^ide  (M.W.  «60),  2*700  gnma. 


Maloiiamidc  (M.W.  =  102),  3  052  grains. 


22-8 
26*8 
26-7 
28-9 
88-4 


0-766 
0*646 

0-595 
0-635 
0*455 


131 -2 
118*0 

111-9 
103-5 
89-7 


92  5 
09 

101 
105 
106 


31-3 

0-750 

143-9 

61 

32-5 

0-710 

138-7 

62 

34-8 

0-680 

129  6 

61 

86*8 

0*645 

122*8 

61 

89*4 

0*600 

114*5 

61 

Di8cu9non  of  Betulit. 

The  extent  of  the  work  with  the  eleven  amines  and  the  six  solvents 
of  which  we  had  undertaken  the  study  was  determined  chieEy  by  the 
solubility  of  the  amides.  For  instance,  boiling  beDBOne  dissolTes  so 
little  aeetamide  that  the  oonaequent  rise  in  boiling  point  is  too  small 
for  accurate  measurement.  We  have  carried  out  moaaorements :  (1 )  in 
all  cases  where  the  amide  is  soluble  enough  to  caase  a  rise  of  about 
0*25^  at  least ;  (2)  for  special  reasons  in  two  or  three  cases  where  the 
maximum  rise  was  less  than  this.   The  poorest  solvent  is  ether. 

The  results  have  been  confirmed  by  duplicate  experiments,  and 
where  the  results  are  abnormal,  by  repeated  experiments.  We  thought 
it  sufficient,  in  each  case,  to  quote  a  single  aeries  of  data. 

The  discussion  of  results  is  divided  into  three  sections:  I.  The 
action  of  the  solvent  in  allowing  or  preventing  association  of  the 
solute.  II.  The  tendency  of  the  amides  to  association.  III.  Tha 
constitution  of  the  amides. 


L  Th$  AcUim      tH$  MfmU  4n  AUmomg  or  Pftv9n$img  AModalUim 

of  the  SolfUe. 

In  what  follows,  it  being  understood  that  the  line  between  associa- 
tion and  non-association  is  not  always  easy  to  draw,  doubtful  cases 
will  be  specially  mentioned.  As  a  rule  we  have  assumed  that  an 
increase  in  the  molecular  weight  of  not  less  than  10  per  cent^  is 
an  indication  of  association. 
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(1)  Benzene:  every  amide  investigated,  uniebts  |}erhaps  benzanilide, 

is  associated. 

(2)  Ether :  only  salicylamide  is  imassociated.  (The  saturated 
solution  of  salicylamide,  however,  contains  only  16  milligram-molecules 
per  100  c.c,  and  so  weak  a  solation  caoaot  be  a  good  test  of  the 
tendency  of  the  amide.) 

(3)  Chloroform:  only  salicylamide  and  beniamlide  mre  unaflso* 
ciated. 

(4)  Acetone :  only  acetamide  is  aSBodated. 

(5)  Alcohol :  this  solvent  gives  as  nearly  as  possible  simple 
molecules.  Carbamide  aod  malonamide  show  signs  of  assoolationi  but 
only  to  a  small  extent. 

(6)  Watar:  aoetamide,''^  monoehloroaoeUunidey  carbamide,  and 
malonamide  are  nnassooiated ;  trichlorolactamide  is  a  donbif nl  case ; 
benzamide^  salicylamide,  acetaniUde^  and  dichloroacetamide  are  asso- 
ciated. 

As  one  way  of  showing  the  bearing  of  these  resalte  on  the  Nemst- 
Thomson  theory  of  association,  the  following  table  has  been  prepared. 
It  consists  (l)of  a  summary  of  our  results ;  (2)  the  dieleetric  constants 
of  the  solvents : 

Chloro- 

Solvent.  Benzene.  £iher.   form.  Acetone.  Alcohol.  Water. 

Nomber  of  amides  investigated...      8         6         9         10         11  9 
,p      which  lorm 

simple  moleculea      1        1        S         9         9  4 

donbtfU  and  1 

doabtlal 

„       which  yield 

ttaociated  moleenles      7        4        7          1  2  4 

doubtful 

Dielectric  constant  of  solvent  ...    2 '3  at   4  4  at    5  at      25  at     26  at    80  at 

18»      18*      22*       20'       SW  17* 

A  consideration  of  this  table  leads  na  to  the  condosion  that  the 
action  of  the  solvent,  water  excepted,  in  permitting,  or  preventing, 
association  of  the  solute  is  connected  with  the  dielectric  constant  in 
the  way  which  the  Nernst-Thomson  theory  predicts.  The  smaller 
the  dielectric  constant  of  the  solvent  the  greater  is  the  association  of 
the  solute.  Bthert  which  is  usuUly  described  as  regards  its  effect  on 
the  solute  as  being  non-assoei^ting,  deserves  particular  notice.  Our 
results  show  that,  as  theory  predicts  from  the  low  dielectric  constant^ 
ether  leads  to  association  of  the  solute. 

In  order  to  examine,  aa  nearly  as  possible  under  comparable 
conditions,  the  action  of  benzene,  ether,  and  chloroform  in  allowing 
association,  the  following  method  was  adopted. 

*  la  the  pnlimioary  not*  on  this  work»  aoetamide  was  mentioiied,  by  a  miitake, 
as  being  uweiated  in  aqneont  solation. 

VOL.  XCHI.  a  N 
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The  molfieiilar  weights  and  ibe  aa<oeifttioa  faetors  of  tm  many 
amides  as  possible  were  calculated  at  a  certain  concentration  of 
solution.    This  concentration  should  be  fixed  on,  so  that,  whilst  the 

elevation  of  the  boiling  point  of  the  solution  is  large  enough  to  admit 
of  being  accurately  measured,  tlio  solution  can  still  be  regarded  as 
"dilute,"  and,  further,  so  that  what  extrapolation  is  required  is 
reduced  to  a  minimum.  The  concentration  fixed  on  as  satisfying 
these  requirements  is  30  milligram -molecules  per  100  c.c.  (the 
molecular  weight,  of  course,  being  the  same  as  the  formula  weight). 

Th.  MMOktioB  fMor  -  '°ol«cular  weight  ia  solution^ 

formula  weight 

Molecular  weights  iu  Association  factors  in 

Chloro-  Cbloro- 

Aniiiie.              BtlUMUie.  Sther.  form.  Benzene.  £ther.  form. 

Bennmide                   184       —  140  1'6«  —  1>16 

Salicylan.ide                  186       148  148*5  1-36  1-08  1  08 

Acetanilide                     205        174  156  162  I'SO  116 

Benzanilide                     228        —  201  1-17  —  1  0 

Acetaroide                    —        —  75  —  —  1*27 

Mnnn(lilorn;\r  1  tamide.     180         —  112  1-39  —  1*20 

Dicbloroacotamide  ...    178       160  160  1*39  1*25  1  17 

TrichloiMeetemtde  ...    SIO      187  191  1*29  1*16  1*17 

TrichloielaetaiDide  ...    294       292  261  1*52  1*52  1*85 

Walker  (IfUroduction  to  Phynoal  ChMUstry,  1907,  p.  204),  in  die* 
Cttssitig  the  connexion  between  the  nature  of  the  solvent  and  aseocii^ 
tion  of  the  eolate,  puts  ether  together  with  acetone,  and  throws  theee 
two  floWeDte  into  contrast  with  <*  benzene  and  chloroform»in  which  the 
tendency  to  association  is  considerable."  According  to  onr  figoresy 
association  is  always  greater  in  beniene  than  in  chloroform.  The 
figures  for  ether,  limited  as  they  are^  show  that  association  in  ether 
tends  io  be  lees  than  in  bensene,  mnch  the  same  as  in  chloroform,  and 
much  greater  than  in  acetone. 

In  accordance  with  the  high  dielectrie  constants  of  acetone  and 
alcohol,  association  in  these  soWents  is  rare.  The  case  of  water  as  a 
solvent  is  remarkable. 

On  the  Nemst-Thomson  theory,  the  dielectrie.  oonstant  of  water 
(more  than  three  times  that  of  acetone  or  alcohol)  should  lead  to  the 
complete  absence  of  association  in  aqaeoas  solution,  whilst  aeiuaUj 
four  substances  are  found  to  be  associated,  namely,  beniamide, 
salicylamide,  acetanilide,  and  dicbloroaeetamide.  Theee  four  are  thm 
only  instances  known  to  ns  of  a  substance  having  a  higher  molecular 
weight  in  water  than  in  alcohol. 

We  do  not  maintain  that  the  data  for  acetanilide  are  very  accurate, 
the  small  elevation  of  l>oiliug  point  of  the  solution,  con^e4uent  on  the 
comparatively  small  solubility  of  the  anilide,  precludes  this.  Hence 
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there  mast  be  uncertainty  as  to  the  degree  of  association,  but  that 
there  is  association  we  have  no  doubt. 

Certain  possibilities,  oLhor  tkaa  abi^ociation  iu  water,  a  very  rare 
occurrence,  deserved  to  be  noticed  in  piissing.  The  amide  may  distil 
over  with  the  steam,  which  would  cause  a  gradual  rise  in  molecular 
weight  of  somewhat  the  same  kind  as  is  actually  found  in  the  case 
of  dichloroacetamide. 

An  experiment  instituted  to  test  this  point  showed  that  dichloro- 
acetamide does  not  distil  with  steam,  and  is  not  decomposed  by 
continuous  boiling  with  water  for  forty  minutes.*  Again,  the  amide 
may  undergo  ionisation,  or  it  may  be  hydrolyaed,  or  it  may  combine 
with  water  without  the  occurrence  of  hydrolysis.  The  possibility  of 
ionisation,  as  a  matter  of  fact,  is  apparently  negligible,  since  Hantzsch 
and  Buchner  (Ber.,  1901,  34,  3147)  found  that  the  amides  are  very 
feeble  electrolytes,  and  Fawsitt  {Proc.  Boy.  Soo,  JSdin,,  1904,  25,  60)  de- 
clares that  the  non-conductivity  of  the  amides  in  aqueous  solution  is  a 
goodcriterioD  of  their  purity."  Again,  Crocker  (Trans.,  1907, 91,  608), 
in  the  course  af  work  on  the  hydrolysis  of  aliphatic  amides,  was  led  to 
think  that  an  amide  must  combine  with  water  before  hydrolysis  can 
proceed.   Acetamide,  for  example,  is  hydrated  thus : 

Should  anj  one  of  iheae  poesibiUtieB  be  realised,  the  consequence 
irould  be  an  increase  in  the  eleyation  of  the  boiling  point,  whilst 

association  means  a  decrease.  It  is  therefore  impossible  to  explain  in 
terms  of  ionisation  (without  or  with  hydrolysis),  or  of  combination 
with  water,  the  results  which  we  adduce  as  proofs  of  association. 
Indeed,  in  so  far  as  these  phenomena  occur,  the  effect  due  to  association 
is  masked,  and  the  degree  of  association  must  be  even  greater  than  our 
figures  show. 

LL  Th»  Tmidtney  <^  the  Amides  to  Aaeociaiian, 

The  Kemst-Thomson  theory  indicates  that  association  which  is 
considerable  in  amount  in  a  solvent  of  low  dielectric  constant  is 
diminished  when  the  solyent  has  a  high  dielectric  constant.  Inasmuch 
as  certain  substances  which  are  not  associated  in  alcohol  solution  are 
found  to  be  associated  in  water,  a  substance  of  much  liigber  dielectric 
constant^  it  is  obWous  that  these  cases  do  not  come  within  the 
scope  of  the  theory.  Nevertheless,  we  do  not  advance  these  instances 
as  so  many  objections  to  the  theory,  with  which,  indeed,  our  results  in 
the  case  of  five  solvents  are  in  good  agreement.  On  consideration,  it 
becomes  obvious  that  the  theory  makes  the  assumption,  although 

*  Trichloroacetamido,  whoii  boiled  with  wstsr,  shows  TSiy  obTknas  slgUi  of 
dccomposiliou  in  the  course  of  fire  minatca, 

3  N  2 
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Nernst  omits  to  mention  it,  that  association  is  due  to  electrical  forces, 
which  are  supposed  to  be  modified  according  to  the  dielectric  constant 
of  the  solvent.  We  can  only  suppose  tliat  in  the  four  cases  which 
fall  outside  the  theory,  the  association  is  not  due  to  this  cause ;  that  is, 
association  is  due  sometimes  to  one  cause  and  .sonietiuie.s  to  another. 

In  addition  to  the  evidence  derived  from  the  behaviour  of  the  amides 
in  solution,  there  is  evidence  of  another  kind,  namely,  that  they  have 
a  tendency  to  association.  This  is  to  be  found  iti  the  existence  of  the 
substances :  2CH3-C0-NH5,HC1,  2CH8-CO-NH5,NaBr  (Titherley, 
Trans.,  1901,  79,  413),  2CH3-CO-NH2,NaI,  SCH^-CHa'CO-NHj.HCl, 
dCOPh*NH2,2HCl,  &c.  The  question  whether  the  production  of  the 
substanee  aOOPb-Nfi2,2HCl  is  due  to  the  "foraes  eleetrioal  in  tbeir 
origin,"  which  caoae  association  of  bensamide  in  bensene,  or  to  the 
factor,  whatever  it  may  be,  which  oaoses  associatton  of  bensamide  in 
water,  can  only  be  left  for  farther  consideration. 

Meantime,  we  would  place  on  record  our  conviction  of  the  necessity 
in  investigations  into  the  amides  and  allied  compounds^  especially  of 
their  physical  properties  (compare  Firankland  and  Twiss,  Trans.,  1906, 
89, 1852;  Fiekard  and  littlebury,  Trans.,  1907,  91,  300}^  of  taking 
into  account  their  strong  tendency  to  association.  According  to  our 
results,  the  most  suitable  solvent  in  such  investigations  is  ethyl 
alcohol. 

m.  The  ContUMian  of  thfi  Amidei. 

The  amides  in  general  may  be  represented  by  the  ordinary  formula 
R'CO-NH,,  or  the  hydroxylic  formula  U-C(0H):NH,  and  Auwers' 
benes  of  researches  on  the  amides  was  begun  in  the  hope  of  deciding 
between  the  two  formuhe.  Although  the  usual  a.s-umption  is  that 
asfeocialiou  is  due  to  the  hydroxy!  group,  we  can  i-ay  that  the  assumption 
is  not  established  by  our  results.  If  the  constitution  of  benzamide  is 
CQH5'C(0H):NHand  that  of  acetamide  CJUg-CU'MHo,  and  the  evidence 
of  organic  chemistry  is  in  favour  of  these  formulce  (Tafel  and  Enoch,  Ber., 
1890,  30,  103,  1550),  then,  on  the  hydroxylic  theory  of  association, 
benzumide  should  show  a  greater  tendency  to  association  than  acetamide. 
Actually,  at  the  same  (quivalent  concentration  in  chloroform  solution, 
the  association  factor  ot  benzamide  is  1*16,  and  that  of  acetamide  1'27. 
Hence  the  tendency  of  the  amides  to  association  cannot  be  regarded  aa 
furnishing  positive  proof  that  they  are  hydroxylic  compounds.  More- 
over, it  is  doubtful  if  the  determination  of  the  molecular  complexity 
of  the  amides  can  do  much  towards  settling  the  question  of  their 
constitution. 

At  the  present  day,  it  is  a  pity  that  the  discussion  of  the  association 
problem  should  sometimes  be  cut  short  by  a  mere  invocation  of-  the 
hydroxyl  gruup^  as  if  that  were  the  only  and  the  final  cause  of 
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association.  After  all,  the  tervalent  nitrogen  atom,  or  the  oxygen  atom 
of  the  groap  *C0*NH2»  may  have  as  much  to  do  with  the  association 
of  amides  a<<  the  oxygen  atom  of  a  hydroxyl  group.  There  is,  as  a 
mfttter  of  fact,  a  strong  body  of  opinion  against  the  hydroxylic 
oonatitation  of  the  amides,  and  in  favour  of  the  ordinary  method  of 
formnlation.  Glaieen  {Annalen^  1895,  287,  360)  abandoned  the 
fformnla  0«Hg*N:OH-OH  for  formanilide  in  favour  of  0^*^^*^^^* 
Anwera  {ZmUeh,  ph^fiikal  Chmn,,  1897,  23,  468 ;  Btr.,  1901,  34, 
8588)^  Hantssch,  Yoegelen,  and  Buchner  (Bmr.,  1901, 34, 3142,  3147), 
Hantnch  and  Dollfos  (^ar.,  1903,  36,  286),  Sohmidt  (B«r„  1903,  36, 
2469),  and  I^wsitt  (iVoe.  May,  Soe,  JMtn.,  1904,  26,  60)  in  various 
ways  come,  one  and  all,  to  the  conclusion  that  the  formula  R'OO'KGt^ 
is  preferable  to  B-C(OH) :NH. 

In  continuation  of  the  work,  we  propose  to  aeoertain  the  molecular 
complexity  of  other  amides  in  various  solvents,  and,  in  connexion  with 
thifl^  the  effect  on  the  molecular  weight  determination  of  change  of 
volume  during  solution  will  be  investigated. 

The  phenomenon  of  increase  of  molecular  weight  of  the  solute  as  the 
solution  becomes  more  dilute  is  due,  according  to  Arrhenius,  to 
combination  between  solute  and  solvent.  We  have  obtained  indications 
of  this  phenomenon,  for  instance,  with  dichloroacetamide  in  water, 
and  salicylauiide  iu  actitoae,  which  we  propose  to  investigate. 

We  would  thank  Professor  Japp,  of  the  University  of  Aberdeen, 
for  the  loan  of  a  Landsberger  thermometer,  of  which  we  found  our- 
selves unexpectedly  in  need.  The  expenses  of  the  work  have  been 
met  in  part  by  a  grant  made  to  one  of  ua  by  the  Executive  Committee 
of  the  Carnegie  Trust  for  the  Universities  of  Gotland. 
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LXXXIIL— J%e  Constituents  of  Olive  Leaves. 

By  F&EDBBiCK  Belding  Power  and  Frank  Tamr. 

Tbm  leaves  of  the  olive  tree»  OUa  Myropaea,  Linn^  were  employed 
many  years  ago  as  a  remedy  in  intermittent  fever,  and  quite  recently 
have  again  been  brought  to  notice  on  account  of  their  reputed 
therapeutic  value  as  a  tonic  and  febrifuge  {Pharm.  J.,  1906,  77,  376). 

The  only  reomt  investigation  of  these  leaves  that  has  been  recorded 
appears  to  be  that  of  F.  Gantoneri  {Gazz$Ua,  1906,  36,  ii,  372). 

i 
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This  author  extracted  the  leaves  with  95  per  cent,  alcohol,  and 
observed  that  the  liquid,  on  cooling,  deposited  small  qiiantitiss  of 
erystalsy  consisting  apparently  of  two  wax-like  sabstaaoes  meltbg  at 
86 — lOO**  and  69—70^  respectively.  From  the  alooholio  liquid,  he 
obtained  a  white  compound,  C^H^^O,  or  C^^H^^O,  (m.  p.  397—298°), 
soluble  in  ether;  a  white,  orystalline,  resin-like  subetance  (m.  p. 
253 — 255^) ;  a  substance  melting  at  about  236^ ;  a  crystalline  acid 
(m.  p.  165°)  insoluble  in  ether;  a  substance  melting  at  180°  when 
crj'stallised  from  acetic  acid,  and  at  200 — 235^  after  recrystAllisation 
from  alcohol  ;  an  acid  of  dough-like  consistence,  turning  brown  on 
exposure  to  the  air,  together  with  mannitol,  gallic  and  tannic  acids. 

It  is  evident  that  the  above-mentioned  products  were,  for  the  most 
part,  of  a  very  indefinite  character,  and  that  they  did  not  represent 
pure  substances.  The  compound  Cj^H^^Og  or  Cj^H^g^ai  melting  at 
297 — 298",  would  :ippear,  however,  to  have  been  the  hydrated  form  of 
a  substance  having  the  formula  03,H .  jOy  (m.  p.  303 — 304°),  which  the 
present  authors  have  isolated  and  designated  oUanol,  since  compounds 
possessing  the  formula  Cg^H^jO,  and  C^^K^O^tUfi  respectively  ha?e 
approximately  the  same  percentage  composition. 

For  the  purpose  of  ascertaining  more  precisely  the  nature  of  the 
constituents  of  olive  leaves,  their  complete  investigation  was  under- 
taken,  and  the  results  are  embodied  in  the  present  oommunioation. 


EXPSBIMXKTAL. 

The  material  employed  in  this  investigation  consisted  of  the  leaves 
of  OUa  EuropoM,  Linn^,  which  had  been  freshly  gathered  for  us 
during  the  early  spring  in  the  neighbourhood  of  YentimigUa,  on  the 
Italian  Riviera. 

A  portion  of  the  leaves  was  first  tested  for  the  presence  of  an 
alkaloid,  but  with  a  negative  result. 

In  order  to  ascertain  the  general  characters  of  the  constituents  of 
the  leaves,  50  grams  of  the  ground  material  were  successively  ex- 
tracted in  a  Soxhlet  apparatus  with  various  solvents,  when  the 
following  amounts  of  extract,  dried  at  100°,  were  obtained : 

Petroleum  (h,  p.  86-^0''>  extracted  2*86  per  cent, 

utiwmorm  1*00 

Ethyl  accUte  „       6 '26  „ 

Alcohol  „     12-66  „ 


Totsl  29*84 


t* 


For  the  purpose  of  a  complete  examination,  a  quantity  (28  35 
kilograms)  of  the  ground  leaves  was  extracted  by  continuous  per- 
colatiou  with  hot  alcohoL   One  kU^yt^m  of  the  t«Baltu>g  .xtiM. 
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containing  567  grams  of  extracted  matter,  was  then  mixed  with  water 
and  distilled  with  steam,  when  a  trace  of  an  aromatic  essential  oil  was 
obtained.  The  mixture  contained  in  the  distillation  Uask  was  filtered 
while  hot,  and  a  (jiiantity  (163*5  grams)  of  a  pulverulent,  green  resin 
{A)  thus  collected,  which  was  washed  with  boiling  water,  and  dried. 
The  combined  filtr.ite  and  washings,  on  cooling,  deposited  47  grams  of 
brown,  resinous  matter  (B),  which  was  also  collected  on  a  filter,  freed 
from  substances  soluble  in  cold  water,  and  dried.  The  final  aqueous 
filtrate  and  washings  (C),  which  amounted  to  about  10  litres,  were 
then  oonoentrated  on  a  water-bath  to  about  one-fourth  this  volume. 

Examination  of  iM  Green  lieain  (^). 

This  leeio,  whidi  was  in  the  form  of  a  green  powder,  was  mixed 
with  a  considerable  quantity  of  purified  sawdust,  and  the  mixture 
snbjeeted  to  prolonged  suoeessive  extiaetion  in  a  large  Soxhlet 
i^paratus  with  the  following  eolvents:  petroleum  (b.  p.  85 — W% 
ether,  cUorofonn,  ethyl  acetate,  and  alcohol. 

l^eiroleum  Extract  of  t/ie  Besin, 

The  material  removed  hy  petroleum  was  dark  green,  and  weighed 
41  grams.  A  portion  of  it  was  very  sparingly  soluble  in  this  solvent. 
The  entire  petroleum  extract  was  dissolved  in  700  cc.  of  warm  ether, 
and  the  solution  cooled,  when  about  3  grams  of  a  solid  substance 
separated.  This  was  oolleoted  on  a  filter  and  washed  with  cold  ether, 
after  which  it  was  distilled  under  a  pressure  of  15  mm.  The  distillate, 
whieh  rapidly  solidified ,  was  crystallised  from  ethyl  acetate,  when 
small,  glistening,  colourless  leaflets  were  obtained,  which  melted 
at  74-5°: 

0-0872  gave  0  2717  COjandO  lUS  H.O.    C  =  85  0;  H«14-6. 
CgjH,.^  requires  C  =  85'4  ;  H  =  1 4*6  per  cent. 

This  substance,  therefore,  was  peotatriacontane. 

The  ethereal  filtrate  from  the  pmtatriacontane  was  shaken  with  a 
solution  of  sodium  hydroxide,  when  a  dark  green,  flocculent  product 
separated,  which  was  collected  on  a  filter  and  thoroughly  washed  with 
ether.  The  filtered,  alkaline,  aqueous  liquid  yielded  nothing  on 
acidifioatiOD.  For  the  examination  of  the  green,  flocculent  product, 
it  was  warmed  for  some  time  with  dilute  aqueous  sulphuric  acid  and 
ohloroform,  after  which  the  chloroformio  liquid  was  separated,  washed, 
and  evaporated  to  dryness.  The  small  amount  of  residue  was  dissolved 
in  ethyl  acetate,  and  the  solution  heated  with  animal  charcoal  and 
filtered,  when,  on  allowing  the  liquid  to  cool,  small,  colourless  crystals 
were  obtained.    These  melted  quite  indefinitely  between  230^  and 
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27(}P,  and  were  found  to  be  a  mixture,  for,  when  heated  with  aoetio 
anhydride,  they  yielded  diaoetyloleanol,  a  enhetanoe  which  will  enb- 
eequently  be  deeeribed,  together  with  an  acetyl  derivative  melting  at 
83*5^.  The  latter  nibatanee  eryetalUeed  from  acetie  anhydride 
ethyl  acetate  in  tnfte  of  email  needles,  bat  the  amonnt  obtained  was 
not  snffieient  for  analysis. 


iBohiicn  of  a  Ntm  Monoearboxylie  AM,  C^TS^^^OOfi* 

The  ethereal  liquid,  which  had  been  shaken  with  sodium  hydroxide 
solution,  was  wa5)hpd  with  water,  when  a  large  amount  of  chlorophyll 
was  removed.  This  was  examined,  but  nothing  definite  could  be 
isolated  from  it.  Tlie  ethereal  liquid  was  then  evaporated,  and  the 
residue  heated  with  an  alcoholic  solution  of  an  excess  of  potassium 
hydroxide  for  one  hour  in  a  reflux  apparatus.  After  removing  the 
alcohol,  water  was  added,  and  the  mixture  extiacted  eleven  times  with 
ether.  During  the  first  extraction,  a  floccnlent  precipitate  eolleeted  in 
the  lower  part  of  the  ethereal  layer.  This  was  separated,  washed, 
treated  with  sulphuric  add,  and  the  pioduct  extracted  with  cbloroform. 
On  removing  the  chloroform,  a  wax-like  residue  was  obtained,  which, 
after  treatment  with  animal  charcoal,  was  crystallised  from  ethyl 
acetate,  from  which  it  separated  in  small,  colourless,  glistening  loa^sts 
melting  at  68 — 69**:  \ 

0  1047  gave  0-2993  COj  and  0-1223  FoO.    C  =  78-0;  H  =  13  0.  \ 
0  0959    „    0-2738  CO,  „   01125  h'o.    C  =  77  9 ;  H=  13  0.  \ 
CisH^O,  requires  G  -  78  0 ;  H  =  13  0  per  cent. 

This  substance  therefore  appears  to  be  a  new  monoeafhoxylic  acidf 
as  no  acid  possessing  the  formula  CgjH^^Og  has  heretofore  been 
desoribed. 

The  combined  ethereal  extracts  of  the  alkaline  liquid  were  washedt 
dried,  and  concentrated  to  a  small  bulk,  when  a  quantity  of  crystalline 

leaflets  separated.    Thef«e  were  removed,  and,  on  further  concentrating 

the  solution,  three  more  successive  crops  of  crystals  were  obtained 

from  it.  TUq  lirst  iind  second  portions  of  crystalline  material,  when 
dry,  melted  at  08'.  They  were  tlierefore  mixed  and  distilled  in  a 
vacuum,  when  ii  distillate  was  obtained  which  solidi6od  and,  when 
crystallised  from  ethyl  acetate,  separated  in  handsome,  nacreous 
leaflets  melting  at  68—68-5°: 

0-0862  gave  0*2697  CO,  and  0-1 147  H,0.   C  -  85*8 ;  H  « 14  8. 
OftH^  requires  Ci-  86*3 ;  H  « 14*7  per  cent. 

The  first  crops  of  crystals  therefore  consisted  of  hentriacontane. 

The  third  portion  of  crystalline  material,  when  dissolved  in  chloro- 
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form,  gave  with  acetic  anhydride  and  sulphuric  acid  the  colour  reaction 
eharaoteristic  of  the  phyto&terols,  but  it  also  contained  hentriaoontane, 
and  no  pure  substanee  oonld  be  isolated  from  it. 

Isolation  of  a,  Ntw  Crystalline  Alcohol,  Oleasterol,  C^H^'OH, 

The  last  portion  of  crystals  which  separated  from  the  above-desoribed 
ethereal  liquid  was  recrystallised  several  times  from  ethyl  aoetate 
when  tofts  of  needles  were  obtained  which  melted  at  17^.  It  was 
then  crystallised  twice  from  benzene,  from  which  it  finally  separated 
in  small  tufts  of  fine  needles  melting  at  174^ : 

0*0969  gave  0*2938  CO,  and  0*1023  H,0.   0  -  82*7 ;  H  - 1 1  *7. 
C^Hg^O  requires  C->82'8;  H>-11*7  percent. 

This  substance  is  eyidently  an  alcohol  related  to  the  phytosterols, 
but  is  not  identical  with  any  compound  previously  described.  It  is 
therefore  proposed  to  designate  it  oleasterol. 

If  a  small  tjuaritity  of  oleasterol  is  di^•solved  in  chloroform,  a  little 
acetic  anhydride  added,  and,  after  first  boiling  the  solution  and  then 
cooling  it,  a  drop  of  concentrated  sulphuric  acid  introduced,  a  slight 
yellow  colour  is  first  developed,  which  rapidly  changes  to.  pink.  The 
tint  then  deepens  to  an  intense  magenta  colour,  which  is  accompjinied 
by  a  brilliant  yellowish-bronze  fluorescence,  subsequently  changes  to 
violet,  and,  after  about  one  hour,  the  liquid  becomes  dull  blackish- 
brown.  If  the  reaction  is  conducted  in  acetic  anhydride  solution,  no 
chloroform  being  used,  the  same  colours  are  produced,  but  tho  changes 
are  more  rapid.  When  concentrated  sulphuric  add  is  added  to  a 
solution  of  oleasterol  in  chloroform,  the  acid  layer  becomes  yellow 
and,  finally,  of  a  deep  orange  colour.  Solid  oleasterol,  when  brought  in 
contact  with  a  drop  of  concentrated  sulphuric  acid,  develops  a  bright 
orange  and,  finally,  a  vermillion-red  colour,  but  again  becomes  colour- 
less on  the  addition  of  water.  Oleasterol  is  isomeric  with  several 
alcohols  which  possess  properties  similar  to  those  of  the  phytoetecols, 
namely,  cinehol,  cnpreol,  quebrachol,  and  rhamnol  (compare  Bsilstein's 
SamdhvOi^  3rd  edit.,  II.,  1068,  and  Proe.  Anm,  Fhartn.  Amoo.,  1904, 
;  62,  296),  but  melts  at  a  higher  temperature  than  any  of  these 
compounds,  and  differs  from  the  last-named  one,  with  which  It  has 
t  been  directly  compared,  both  in  appearance  and  in  the  oolonr  reactions 
yielded  by  it. 

I  On  removing  the  solvent  from  the  original  ethereal  mother  liquors 
from  which  the  oleasterol  had  been  separated,  a  residue  was  obtained 
which  amounted  to  about  i  grams.  This  was  distilled  under  12  mm. 
pressure,  when  it  passed  over  for  the  most  part  between  300°  and  365^ 
without  decomposition,  but  a  portion  distilled  above  this  temperature. 
The  distilled  product  was  dissolved  in  boiling  ethyl  acetate,  when,  on 
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cooling  the  solution,  vory  hard,  crystalline,  wart-like  masses  separated, 
which  melted  at  200 — 204°.  After  seyeral  recrystallisations  from 
ethyl  acetate  and,  finally,  from  benzene,  the  melting  point  of  the 
Bubetaikce  remained  constant  at  209 — 210°  : 

0  08e4  gave  0  S660  00^  and  0-0896  H,0.   0  -  SO'S ;  H  - 11-5. 
Og^^O^  lequirea  O«i80'6 ;  H- 11*4  per  cent 

Tfaiii  sabetance  was  identical  with  a  new  oompouod,  homo-iiletlranoip 
which  was  eubeeqnentlj  isolated  in  larger  quantity  from  the  ether 
extract  of  the  resin. 

The  alkaline^  aqueous  liquid,  from  which  the  aboye-deaoribed 

alcohols  and  hydrocarbon  had  been  removed  by  means  of  ether,  was 

aciditied  with  sulphuric  acid  and  distilled  with  steam,  bat  no  volatile 

j)roduct  was  obtiiiiied.  Tlie  acid  liquid  was  therefore  extracted  with 
ether,  ethereal  solution  concentrated  to  a  small  bulk,  and  a 
considerable  volume  of  light  petroleum  added.  This  caused  ilto 
precipitation  of  the  greater  portion  of  the  dinsolved  material  in  the 
form  of  an  anu>rphou.»?,  dark  green  powder,  from  which  nothing 
crystalline  could  be  obtained.  The  clear  petroleum  liquid  was 
decanted  from  the  precipitate  and  evaporated,  when  a  residue  was 
obtained  which  was  distilled  under  diminished  pressure.  The  distilled 
product  amounted  to  about  4  grams,  and  yielded  a  small  quantity  of 
a  mixture  of  fatty  acids  melting  at  4G — 49",  but  the  greater  portion 
consisted  of  an  oily  liquid,  which  was  unsaturated,  and  probably 
contained  oleic  acid. 

This  extract  amounted  to  87  grams.  As  originally  obtained,  it  con- 
sisted of  a  dark  groon,  ethereal  .solution  containing  a  quantity  of  an 
amorphous,  green,  sparingly  soluble  powder.  The  latter  was  collected 
on  a  filter  and  washed  well  with  ether,  after  which  it  weighed  33  grams. 
On  concentrating^  the  ethereal  filtrate  to  about  500  c.c,  a  further 
quantity  (20  grams)  of  a  similar  amorphous  powder  was  obtained. 

Isolation  of  a  New  Cryataiiine  ^ubtUmMt  Oleanol,  C||Ii^O(OH)|. 

The  above-mentioned  portions  of  solid  matter  were  separately 
esaminedy  but  were  found  to  be  identical.  The  material  was  dissolved 
in  hot  alcohol,  and  the  eolation  decolorised  by  means  of  animal  char- 
coal, after  which  it  deposited  a  oolourlses  substance  in  tufte  of 
extremely  fine,  silky  needles.  This  substanos^  when  not  quite  pure^ 
tends  to  separate  in  an  amorphous  condition,  and,  in  these  dreum- 
stances,  can  most  readily  be  obtained  eiystalUne  by  allowing  its  eola- 
tion in  bcnling  alcohol  to  evaporate.  By  successively  concentrating  the 
m«>ther  liquors  from  this  crystalline  snbstanoe^  farther  quantities  of  it 
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were  obUiiied>  and  also  ■ome  portioiui  of  amorphoiis  material  whicH 
coold  not  be  caused  to  oryetalliae  from  any  eolvent.  It  was  at  first 
thought  that  these  amorphous  products  might  contain  a  second  snb- 
staaoe,  bat  on  acetyktion  they  gave  an  almost  quantitative  yield  of 
the  diacetyl  derivative  of  the  crystalline  substance^  with  only  a  little 
amorphons  matter.  As  first  obtained,  the  erystalline  snbstance  melted 
at  about  301^,  but  on  recrystallisation  the  melting  point  was  raised  to 
80S-w304^,  when  it  remained  constant,  no  decomposition  occurring. 
After  drying  at  110°,  it  was  analysed  : 

0*1127  gave  0  3271  CX),  and  0  1088  Hfi.    0  =  79-1  ;  H  =  10'7. 
0-1135   „   0-3291  00,  „  0  1083  H^O.    0  =  791 ;  H- 10-6. 
OjiH^Og  requires  0  =  79*1 ;  H  - 10*6  per  cent. 

No  substance  of  the  formula  CgiH^oOg  has  previously  beendescribed» 
and  it  is  therefore  proposed  to  designate  the  new  compound  oUanal, 

Oleanol  is  not  very  soluble  in  any  of  the  usual  organic  solvents,  but 
is  moderately  so  in  boiling  chloroform,  from  which  it  separates  in  an 
amorphous  condition.  When  crystallised  ^m  ordinary  alcohol,  it 
contains  one  mdecole  of  water  of  crystallisation,  as  diown  by  the 
following  analysis : 

0-3466  of  air  dried  substance,  on  heating  at  110^  lost  0  0130  H,0. 

H20  =  3'7 

0*1136  of  air-dried  substance  gave  0  3152  00,  and  0*1107  U^O. 

C»75-7;  H-10-8. 
Qgfi^O^Ufi  requires  H^O :»  3*7 ;  0  -  76*2 ;  H  - 10-7  per  cent. 

Two  of  the  oxygen  atoms  contained  in  oleanol  are,  as  shown  below, 
present  in  the  form  of  hydroxyl  groups,  and  one  of  the  latter  possesses 
phsoolio  properties.  In  consequence  of  this  fact,  the  substance  resets 
with  sodium  carbonate  and  hydroxide,  giving  an  insoluble,  amorphous 
8odiu7n  derivative.  The  third  oxygen  atom  present  in  oleanol  probably 
occurs  in  an  ethor  linking,  since  the  compound  does  not  react  with 
hydroxylamine.  It  was  ascertained,  however,  by  means  of  Perkin's 
modification  of  ZeiKel's  method,  that  no  methoxyl  or  ethoxyl  group 
was  present.  When  oleanol  is  gently  warmed  with  concentrated 
sulphuric  acid,  a  deep  orange  colour  is  produced,  and,  when  dissolved 
in  chloroform,  it  does  not  decolorise  a  solution  of  bromine  in  the  same 
solvent. 

A  determination  of  the  specific  rotatory  power  of  oleanol  gave  the 
following  result : 

O'SOSSy  dissolved  in  35  cc.  of  chloroform  at  30^,  gave        1^64'  in 
a  2-dom.  tube,  whence  [a]^  78*3^. 

DiacBtyloleanol,  C3,H4808(C0-CH8)2. — A  quantity  of  oleanol  was 

dissolved  in  acetic  anhydride,  and  the  solution  boiled  for  some  time. 

.  i: 

'    ;  *    .  *  •  • 
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It  was  then  allowed  to  cool,  when  the  acetyl  derivative  separated  in 
colourless,  glistening  leaflets  : 

0-0994  gave  0  2749  COg  and  0*0881  H^O.    C  =  75  4  ;  H  =  9-8. 
CgiH^gOjCCO-OH,^  requires  C  =  76-8 ;  H  -  9-7  per  cwt. 

J}iac$tyloUanol  is  very  readily  soluble  in  chloroform,  only  moderately 
so  in  ethyl  seetete>  and  nearly  insolable  in  oold  alooboL  It  is  reerys- 
tallised  most  oonyeniently  from  acetic  anhydride. 

When  diaoetyloleanol  is  heated^  fusion  takes  place  at  about  208^, 
the  exact  temperature  depending  on  the  rate  of  heating,  gas  is  then 
evolved,  and  the  liquid  quickly  re-solidifies.  The  solid  so  obtained 
is  insoluble  in  alcohol,  and  only  sparingly  soluble  in  ethyl  acetate 
or  acetic  anhydride,  and  is  not  acted  on  by  the  latter.  It  is  very 
readily  soluble  in  chloroform  or  benxene,  but  crystallises  from  a 
ihixture  of  one  part  of  the  latter  and  two  parts  of  petroleum  (b.  p. 
90 — 120°)  in  small  tufts  of  colourless  needles,  which  do  not  melt  at 
a  temperature  of  310°.  Thi?:  substtince  is  unaffected  by  alkalis,  and, 
wheu  dissolved  in  chloroform,  blosviy  decolorises  a  solution  of  bromine 
in  the  same  solvent.    On  analysis,  it  yielded  the  following  results  : 

0-1128  gave  0-3280  CO2  and  0-1063  H/J.    0  =  79  3;  H=10-5. 

0-1049    „    0-3058  CO2   „    0  0990  H.O     C  =  79-5  ;  11  -  JO'S. 
Cg^H^gOg  requires  C  =  79  4  ;  H  =  10  3  per  cent. 

This  result  indicates  that,  on  heating  diacetyloleanol,  both  the  acetyl 
groups  are  removed,  but,  as  no  water  is  present  during  the  operation, 
thay  are  not  eliminated  by  hydrolysis.  The  change  might  be  repre- 
sented as  follows : 

.6.0.C0.CH.  49  OH..OO-00-OH,. 

This  view  is  in  harmony  with  the  fact  that  the  high  melting  product 
contains  no  hydroxy  I  group,  and  the  loss  of  weight  suffered  by  the 
original  acetyl  derivative  on  being  heated  is  also  in  agreement 
with  it : 

0*1648  of  diacetyloleanol,  on  heating  at  230°,  lost  0  0254  CH^'CO. 
CH8-CO=.15-4. 
C,iH4s03(CO-CH3)j  requires  CH3-C0  =  15  5  per  cent. 

MimoaCBtyloleanol  Cr^^^^fiJifmyCO'CU^.—A  quantity  of  diacetyl- 
oleanol was  dissolved  in  86  per  cent,  alcohol,  and  the  solution  boiled 
for  forty-five  minutes.  On  cooling  the  liquid,  a  product  was  obtained 
which, crystallised  in  needles  melting  at  258^.  This'  substance  was 
much  more  soluble  in  alcohol  than  diacetyloleanol,  and  was  evidently 
a  monoaoeiyloUanol,  since  it  readily  yielded  the  diacetyl  derivative  on 
treatment  with  acetic  anhydride.  After  drying  at  110**,  it  was 
analysed : 

»      "  " 
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0-1055  gave  0-2978  CO.,  and  0  0980  H,0.    C=  77-0  ;  H  -  lU  o. 

Cj3ll..,0,  requirea  C  =  77  3  ;  H  =  10  2  per  cent. 

Oleanol  possesses  some  phenolic  properties,  as  indicated  by  the  fact 
that  it  yields  a  sodium  derivative.  The  hydroxyl  group  contained  in 
the  above-described  monoacetylole{inol  is,  however,  devoid  of  such 
properties,  since  the  compound  does  not  react  with  cold  alkalis. 

MonomeUiyloUanol,  C3jH^gO(OH)'0*CH3. — Five  grams  of  oleanol 
were  dissolved  in  absolute  alcohol,  and  a  slight  excess  of  both  sodium 
ethozide  and  methyl  iodide  added.  The  mixture  was  then  heated  lor 
one  and  a-balf  hours  in  a  flask  attached  to  a  reflux  condenser,  after 
which  the  greater  part  of  the  solvent  was  removed.  The  addition  of 
water  then  caused  the  precipitation  of  a  vumomethi/loleanol,  which 
crystaUised  from  alcohol  in  long,  thin,  quite  colourless  needles. 
This  compound,  when  dried  in  the  air  at  the  ordinary  temperature  or 
at  melted  at  about  146^  and  then  re-solidified,  after  whieh  it 
fused  at  194 — 196^»  It  also  melted  sharply  at  the  latter  temperature 
when  dried  at  120^.  After  drying  at  126^  it  gave  on  analysis  the 
following  results : 

0-1325  gave  0*3828  00,  and 0'1290  H^O.   0-78*8 ;  H- 10*8. 
0*3144   gave,    by  Ferkin's  modification    of    Zeisel's  method, 

0-1500  AgL    0-CH3  =  6-3. 
Cj^Hj^gOg  requires  0  =  79-3;  H  =  10-7  ;  0*CHj=  6  4  per  cent. 
•  The  air-dried  preparation  was  then  analysed  :  • 

0-0977  gave  0  2788  CO.  and  0-09G0  H./).    C  =  77-8  ;  H  =  10-9. 
0-3169,  on  heating  at  125^  lost  0-0139  CjH^-OH.    CjHj-OH  =  4  4. 
0„H^O(OH)*0*CHj,iC,H,  OH    requires    0  «  781 ;     H  -  10-8 ; 

CsU^'OH  «  4*5  per  oent 

^O0^iiM<Ay<b2Mmo2,OnH48O,(O*OH3)*OO*OHy~Monomethyloleanol 
was  dissolved  in  acetic  anhydride,  and  the  mixture  boiled  for  half  an 
hour.   The  solution  was  then  allowed  to  cool,  when  aotfylmBthffloUanol 
separated  in  long,  highly  lustrous  leaflets,  which  melted  at  216*6^ : 
0-1041  gave  0*2960  00,  and  0*0978  H,0.   0-77*5;  H-10-4. 

Ca^Hj^O^  requires  C«77*6 ;  H-10-3  per  cent. 
0-2132,  on  hydrolysis,  neutralised  4*4  c.c.  N/iO  NaOH. 

C3iH^y02(0-CH,)-CO-CH3  requires  4-1  c.c. 

A.cetyImethyloleanol  can  be  recry&tallised  from  ordinary  alcohol, 
but,  when  boiled  for  some  time  with  this  solvent,  the  acetyl  group  is 
eliminated  and  monomethyloleanol  is  regenerated. 

The  original  ethereal  tiitriite  from  the  crude  oleanol  was  shaken  with 
a  solution  of  ammonium  carbonate,  but  this  treatment  removed  only 
small  amounts  of  amorphous  products.  It  was  then  shaken  with 
several  successive  portions  of  a  solution  of  sodium  carbonate,  when  a 
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considerable  qitantitj  of  a  green  precipitate  was  formed.  Tbie 
precipitate  was  separated  from  the  ethereal  liquid  and  from  the 
alkaline,  aqueous  solution,  when,  on  eiamination,  it  was  found  to 
consist  almost  entirely  of  sodium  oleanol,  together  with  chlorophjlL 
The  alkaline,  aqueous  liquid  was  acidified,  but  it  yielded  only  a  small 
amount  of  tarry  matter.  The  ethereal  liquid,  when  free  from 
substances  which  reacted  with  sodium  carbonate,  was  shaken  with  a 
solution  of  sodium  hydroxide,  but  this  dissolved  nothing.  It  was  then 
washed  with  water,  when  a  large  amount  of  chlorophyll  was  removed, 
dried,  and  the  greater  part  of  the  ether  evaporated. 

Isolaiion  of  Twa  Kem  CryMUim  AleMU. 

Olesiranol,  O^H^Oj,  and  Homo-olestranolf  O^H^fip 

On  allowing  the  concentrated  ethereal  liquid,  obtained  as  aboTe 
described,  to  stand,  it  deposited  about  3  grams  of  a  white  solid.  This 
was  dissolved  in  hot  ethyl  acetate,  from  which,  on  cooling,  it  separated 
in  hard,  wart-like  masses,  which  melted  at  21 7*^.  After  recrystalliaa* 
tion  from  bensene,  it  melted  at  217 — 218^  and  was  analysed : 

0-0998  gave  0-2928  COg  and  0  1009  HjO.    C  =  80-0  ;  11  =  11-2. 
0-0813    „    0-2389  CO2  „   0  0845  HjO.    C-80-1  ;  H-lli. 
CgfiH^Oj  requires  0  =  80-2  ;  H  =  11-2  per  cent. 

This  substance,  so  far  as  can  be  ascertained,  is  not  identical  with 
any  compound  previously  described.  It  is  proposed  therefore  to 
designate  it  oUttnmolf  since  it  is  an  alcohoL 

OUiitan^  aetiaie  and  bemoaU  were  prepared,  but  were  found  to  be 
unaystallisable  syrups.  The  latter  compound  was  very  viscid,  and 
dissolved  readily  in  ethyl  acetate  and  in  chloroform,  but  was  almost 
insoluble  in  alcohol.  When  dissolved  in  chloroform  and  treated  with 
a  solution  of  bromine  in  the  same  solvent^  olestranol  readily  gives  a 
iromiktet  which  is  precipitated  as  a  viscid  oil.  This  oil  did  not  become 
crystalline  on  standing,  and  when  warmed  with  any  solvent^  in  order 
to  bring  it  into  solution,  it  evolved  hydrogen  bromide,  yielding  a 
product  which  was  readily  soluble  in  chloroform,  but  uncrjstallisable. 
Olestranol  exhibits  colour  reactions  whioh,  so  far  as  could  be 
observed,  are  indistinguishable  from  those  shown  by  oleasterol  (p.  895). 
Its  formula,  CgjH^  .Oj,  indicates  it  to  be  a  lower  homologue  of  a 
bydroxyphytosterol,  and  its  properties  aro  in  accordance  with  this 
view,  for,  although  some  of  the  colours  which  are  produced  on  treating 
it  with  acetic  anhydride  and  sulphuric  acid  differ  from  those  given 
under  similar  conditions  by  the  phytosterols,  the  general  character  of 
the  colour  reactions  is  analogous  to  that  yielded  by  the  latter 
compounds. 
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The  original  ethereal  filtrate  from  the  olestraool  was  green,  owing  to 
the  preeenee  of  ehlorophyll.  It  was  therefore  hoiled  with  an  alcoholic 
eolation  of  pcftassiam  hydroxide,  the  greater  part  of  the  solvent 

removed,  water  added,  and  the  mixture  extiiic  ted  six  times  with  ether. 
Oil  removing  the  solvent,  several  grams  of  a  light-coloured  product  were 
obtained.  This  was  repeatedly  crystallised  from  ethyl  acetate,  from 
which  it  separated  in  hard,  wart-like  masses,  identical  in  appearance 
with  the  nodular  masses  of  olestranol  obtained  under  similar 
conditions.  This  preparation,  however,  melted  at  a  temperature 
lower  than  that  at  which  olestranol  fuses,  namely,  at  210-^,  and  repeated 
d'ystallisations  from  ethyl  acetate  and  from  benzene  failed  to  raise 
the  melting  point  of  the  material : 

01120  gave 0-3314  00, and  01162  H,0.   0-80*7^  H»1W. 
OffK^O^  requires  C»80-6 ;  H«11'4  per  cent. 

This  compound,  melting  at  210°,  is  therefore  identical  with  the 
eubstance  possessing  the  same  formula  and  melting  point  which  was 
isolated  in  smaller  quantity  from  the  petroleum  extract  of  the  resin. 
Its  formula,  CgrH^gOj,  is  that  of  a  hydroxyphytoaterol,  and,  since  it  is 
not  identical  with  any  compound  previously  described  and  is  apparently 
A  homologue  of  olestranol,  differing  from  the  latter  by  the  increment 
of  the  elements  C^H^  the  name  homo-oUiiranol  may  appropriately  be 
assigned  to  it. 

One  compoand,  possessing  properties  similar  to  those  of  homo* 
olestranol,  has  previously  been  isolated  from  the  seeds  of  Casimiroa 
^tUia,  La  Llave  (Fam.  Mutaeeae),  by  W.  Bickern  (Arch.  Pharm.,  1903, 
241,  173).  This  substance,  which  has  been  designated  casimirol,  ha^^ 
been  assigned  the  formula  O^rH^gO^,  and  is  stated  to  melt  at  207°.  It 
was  therefore  at  first  thought  that  these  two  substanoes  might  bo 
identieal,  hot  a  comparison  of  their  respectiTe  colour  reaetions  rendered 
it  OTident  that  this  was  not  the  case. 

Honuholestranol  exhibits  colour  reactions  which,  like  those  of 
olestranol,  are  identical  with  those  yielded  by  olsasteroU  It  is 
appaiently  somewhat  more  readily  soluble  in  ether  than  its  lower 
homologoe,  and,  as  seen  from  the  fsot  that  it  was  also  obtained  from 
the  previonsly>deseribed  eztoact  of  the  resin,  it  is  very  slightly  soluble 
in  petroleum,  whilst  olestranol  appears  to  be  insoluble  in  this  solvent. 
With  the  exception  of  these  slight  differences,  the  two  homologous 
liydroxyphytosterols  could  only  be  distinguished  by  their  meltiug  poiorts 
or  by  analysis,  as  theur  behaviour  on  aoetylation,  benzoylation,  and 
bron^natiou  is  identieal.  Homo-olestranol  does  not  yield  the  colour 
reaction  charaeteristio  of  the  so-called  **  oacyoholesterin  "  of  TifschUts 
{Ber.,  1908,  41,  252),  which,  however,  does  not  appear  to  have  been 
analysed. 
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A  dfltormiiiatioii  of  the  specific  rotatoiy  power  of  homoK>leitmu»l 
yielded  the  following  resolt : 

0-7216»  disaolved  in  25  cc.  of  chloroform,  gave  aj,  +4^'  in  a  %4em, 
*tnbe,  whence  [a]o  +71'0". 

The  amount  of  olestraiiol  available  did  not  permit  of  a  similar 
determination  being  made  with  that  compound. 

Chloroform,  £thyl  Ao6kU$,  and  Alcohol  ExlracU  qf  the  Bent^ 

The  chloroform  extract  of  the  reein  amounted  to  9  grannfi.  It  wii 
ezhaustiyely  exambed,  but  nothing  crystalltne  could  be  obtained 
from  it. 

The  portion  of  the  reein  eztraeted  by  ethyl  acetate  amoonted  to 

only  2  grams.  It  consisted  of  tarry  matter,  together  with  a  trace  of 
<f-mannitol,  which  was  subsequently  isolated  in  larger  amount  from  tiM 

aqueous  liquid. 

The  lemaiiider  of  tiie  resin,  which  was  soluble  only  in  alcohol, 
formed  a  brown  powder,  and  amounted  to  '23  grams.  Nothing  cry.stal- 
line  could  be  separated  from  it,  and,  in  view  of  the  possibility  of  its 
containing  some  glucosidic  material,  it  was  freed  from  any  traces  of 
sugar  and  submitted  to  the  action  of  sulphuric  acid  in  dilute  alcoboli 
but  was  unaltered  by  this  treatment. 

Smmination     th»  Brown  Rum  (^). 

This  product,  obtained  as  previously  described,  amounted  to  47  grams. 
It  was  mixed  with  purified  sawdust, and  extracted  with  the  same  solvents 

as  were  employed  in  the  case  of  the  green  resiu.  Tlio  petroleum  and 
ethereal  extracts  thus  obtained  were  small  in  amount,  and  consisted 
chiolly  of  the  niatcri  il  which  formed  the  corres])onding  extracts  from 
the  resin  previously  examined.  The  remaining  extracts,  of  which  that 
obtained  by  ethyl  acetate  was  the  largest,  were  all  brown,  resinous 
products,  from  which  nothing  crystalline  could  be  isolated. 

JTammtnotton  of  ifto  Aqueous  Liquid  (C)* 

After  concentrating  this  liquid,  it  was  extracted  many  times  with 
ether,  but  this  removed  only  a  small  amount  of  amorphous  matertalf 

containing  but  a  trace  of  crystalline  substance.  An  excess  of  a  solution 

of  basic  lead  acetate  was  then  added,  when  a  bulky,  yellow  precipTH!? 
was  produced,  which  was  removed  by  tiltration  and  thoroughly  washed 
with  boiling  water.  This  precipitate  was  suspended  in  water,  decom- 
posed by  hydrogen  sulphide,  and  the  mixture  filtered.  The  filtrate 
was  concentrated  and  allowed  to  conl,  when  a  quantity  of  brown, 
viscid,,  resinous  matter  separated.     The  clear  liquid  was  then  ex- 


Digitized  by  Google 


TflS  OONSTITUSNTS  OF  OUVS  hKAXES, 


903 


trac'ted  with  amyl  alcohol,  when  a  further  (luantity  of  brown,  viscid 
material  was  removed.  The^e  resinouH  products  possessed  a  bitter, 
astriDgent  taste,  and,  when  dissolved  in  boiling  water,  readily  reduced 
Fehling's  solution,  but  nothiog  crystalline  could  be  obtained  from 
them.  The  broWD,  aqaeoos  liquid  which  had  been  extracted  with 
amyl  alcohol  gave  a  deep  black  colour  with  ferric  chloride,  and 
evidently  contained  a  considerable  amount  of  tannin.  When  treated 
with  a  solution  of  barium  hydroxide,  it  gave  a  yellow  precipitate, 
whieh  rapidly  darkened  in  the  air,  but  nothing  coold  be  ieolated 
from  it. 

The  original  aqoeons  filtrate  and  washings  from  the  pKedpitate 
produced  by  baaio  lead  acetate  were  freed  from  a  further  small 
quantity  of  brown  material  by  a  seoond  treatment  with  this  reagent 
then  deprived  of  lead  by  means  of  hydrogen  sulphide,  again  filtered* 
and  ooooentrated  under  diminished  pressure.  On  allowing  the  liquid 
to  jrtand,  it  deposited  a  Urge  amount  (60  grams)  of  needle-shaped 
eryBtal%  whioh,  after  recrybtalliBation  from  dilute  alcohol,  melted 
at  IW : 

0-1183  gave  0  1717  00,  and  0  0830  HjO.    C-39-6  ;  H  =  7-8. 
CgHj^Og  requires  C  =  39  6  ;  H  =  7*7  per  cent. 

This  substance  was  evidently  (/-mannitol,  since  it  yielded  a  dextro- 
rotatory hexa-acetyl  derivative,  which  melted  at  122 — 123^. 

The  filtrate  from  the  crude  mannitol  deposited  further  quantities  of 
the  latter  on  ooncentration,  but  no  other  solid  substance  could  be 
separated  from  it.  It  contained  a  considerable  amount  of  sugar,  for, 
when  warmed  with  a  solution  of  phenylhydrazine  acetate,  it  readily 
yielded  (i-phenylglucosazone,  which,  when  heated  somewhat  rapidly, 
melted  at  217^.  In  view  of  the  possibility  of  this  final  aqueous  liquid 
also  containing  a  gluooside,  it  was  heated  for  some  time  with  dilute 
sulphuric  add,  but  this  treatment  resulted  only  in  the  production  of  a 
quantity  of  resin,  together  with  a  little  furfural. 


Summari/. 

The  results  of  this  investigation  may  be  summarised  as  follows  : 
The  air-dried  olive  leaves  employed,  on  percolation  with  boiling 
alcohol,  yielded  about  30  per  cent,  of  their  weight  of  extracted 
material,  of  which  neerly  63  per  cent,  was  soluble  in  cold  water.  A 
further  8'7  per  cent,  could  be  dissolved  by  boiling  water,  whilst  the 
remainder,  amounting  to  28*3  per  cent.,  was  quite  insoluble  in  this 
solvent.  The  alcoholic  eztrsct,  whea  distilled  with  steam,  yielded  a 
trace  of  essential  oil. 

The  portion  of  the  alcoholic  extract  which  was  soluble  in  cold  water 
contained  a  large  quantity  of  a  sugar  which  yielded  <l-pheDy  Igl  ucosasone 
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(m.  p.  217°)i  together  with  tannic  matter,  brown,  amorphous  products, 
and  an  amount  of  (/-mannitol  equivialeiit  to  about  3*4  per  oent  of  the 
weight  of  the  air-dried  leaves. 

The  portion  of  the  alooholio  eztvaot  which  was  diieoWod  by 
boiling  watoTi  but  separated  on  oooling,  oonsisted  of  amorphous 
redns. 

The  material  inaolnble  in  water  contained,  together  with  eUorophjU 
and  flome  rennoos  matter,  small  amoonts  of  the  hydrocarbons  heiitri- 
aoontane,  (^fl^  (m.  p.  68 — 69^,  and  pentatriacootane,  C^H^ 
(m.  p.  74*6^,  »  little  of  a  mixture  of  fatty  acids,  and  a  new  mono- 
eorteylio  aoid,  C^^U^^'CO^n  (m.  p.  68—69^}.  In  addition  to  tfaeee, 
it  yielded  three  new  crystalline  alcohols,  which  appear  to  be  related 
to  the  phytoeterols,  namely,  otewisrot,  CjoH^^O  (m.  p.  174''),  which 
crystaUisee  in  tofts  of  colourless  needles;  ohiiranolt  Oj^H^^O^ 
(m.  p.  217—218®),  and  hama-oleatremol,  CgYH^gOj  (m.  p.  210°; 
[a]^  +71°).  The  two  last  mentioned  alcohols  crystallise  in  hard, 
wart-like  masses,  and  appear  to  be  hydroxyphylosteroh.  Furthermore, 
a  new  colourless,  crystalline  substaiice,  oleanol,  C3iH^80(0H)2,H2O 
m.  p.  303 — 304°;  [a]o  +78'3^),  was  obtained  in  an  amount  equivalent 
to  nearly  3*4  per  cent,  of  the  weight  of  the  air-dried  leaves.  Oieanol 
contains  two  hydroxyl  groups,  one  of  which  j)Ossesses  phenolic 
properties.  When  treated  with  sodium  ethoxide  and  methyl  iodide, 
it  yields  a  7/ionom<!%/o;««no/,  CgiH430(OH)-0-CH8  (m.  p.  194—196°), 
and  this,  on  aoetylation,  gives  acetyhMthyloUaiioLt 

C3,H^802(0-CH3)-CO-CH3 
(m.  p.  215*5°).  DiaoUyloleanol,  G^^O^QO'OU^^,  fuses  at  about 
208°,  and  suffers  a  change  which  is  accompanied  by  the  evolution  of 
gas  and  the  formation  of  a  crystalline  tubitance,  C^^H^gOg,  which 
does  not  melt  at  310°.  Monoacetyloleanol,  Ci{t{^fi.^(0HyCO'QH^ 
(m.  p.  258°),  was  prepared  by  heating  the  diaoetyl  derivative  with 
aqueous  alcohol. 

Ths  Wkllcome  Chkmical  Research  Labukaiuuies, 

LoxnoK,  S.O. 


LXXXIV. — The  Comtituents  of  Olive  Bark, 
By  Fbsdsbick  Bku»uio  Pown  and  Fr&hk  Xutih. 

The  bark  of  the  olive  tree,  Olea  Europaea,  Linn^,  is  reputed  to  possess 
medicinal  properties  similar  to  those  of  the  leaves,  but,  with  the 
exception  of  the  observation  that,  like  other  {)ai  ts  of  the  plant,  it  con- 
tains maunitol,  nothing  appears  to  have  been  ascertained  respecting 
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(be  ehancter  of  ito  conatitnents.  It  may  be  noted,  howover,  that 
from  a  so-called  gam-resin,  which  ezolndes  epontaneously  from  the 
bark  of  the  olive  tree  in  hot  ooantrieflf  a  crystalline  sabstance, 
dedgaated  oli?i]|  was  isolated  many  years  ago.  This  subetanoe  wliioli» 
as  oar  InTistigation  has  showui  does  not  ooenr  in  the  bark,  has  most 
teeently  been  ezamiBed  by  Korner  and  Vansetti  {AiH  B,  Acead, 
lAmti,  1908»  [▼],  12»  i,  133),  who  state  that,  when  anhydrous,  it 
possesses  the  formula  ^JS^^  and  melts  at  142*5**. 

In  connexion  with  oar  investigation  of  oliya  leayes,  it  has  been 
deemed  desirable  also  to  examine  the  oonstitnents  of  the  bark  of  the 
olive  tree»  and  the  results  obtained  are  recorded  in  this  oom* 
momcation. 

EXPEBIXENTAI.. 

The  material  employed  in  this  investigation  consisted  of  the  air> 
dried  bark  of  Olta  Europcua,  Linn^,  which  had  been  collected  for  us 
during  the  early  spring  in  the  neighbourhood  of  YentimigUay  on  the 
Italian  Riviera. 

A  portion  of  the  bark  was  first  tested  for  the  presencs  of  an 
alkaloid^  but  with  a  negatiye  results 

Fifty  grams  of  the  ground  bark  were  then  suocessiyely  eztraoted  in 
a  8o]dilet  appaiatos  with  various  solvents*  when  the  following 
amounts  of  extract^  dried  at  100^,  were  obtained : 

Petroleam  (b.  p.  35—50°)  extracted  0*32  percent 
Elliw  8*76  „ 

Chloroform  „       6 '30 

Ethyl  acetate  4  56  ,, 

Alcohol    -  ,,     15  30  „ 

Tdtal  80*34  „ 

For  the  purpose  of  a  complete  examination,  a  quantity  (34*92 
kilogtams)  of  the  ground  bark  was  extracted  by  continuous 
percolation  with  hot  aloohoL   One  kilogram  of  the  resulting  viscous 

extract,  containing  875  grams  of  extracted  material,  was  then  mixed 

with  water  and  distilled  with  steam,  but  no  volatile  product  was 
obtained.  The  dark-coloured,  aqueous  liquid  in  the  distillation  flask 
was  separated  by  filtration,  while  still  hot,  from  a  relatively  small 
amount  of  dark  green  resin  (A),  and  the  latter  thoroughly  washed 
with  boiling  water.  The  combined  filtrate  and  washings  were  then 
diluted  to  about  10  litres  and  allowed  to  cool,  when  a  large  amount  of 
a  heavy,  brown,  syrupy  product  {B)  was  deposited.  This  was  separated, 
and  freed  from  substances  soluble  in  cold  water,  after  which  the 
combined  aqueous  liquid  and  washings  (C)  were  concentrated  to  about 
2  litres. 
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Examination  of  the  Green  Eetin  (A). 

This  resin,  which  amounted  to  54  grams,  was  a  dark  green,  wax- 
like solid  at  the  ordinary  temperature,  but  when  heated  to  about  80° 
it  melted  to  an  oil.  After  being  mixed  with  purified  sawdust,  it  was 
BOOoesBiyely  extracted  in  a  Soxhlet  apparatus  with  the  following 
solvents :  petrolsum  (h.  p.  36 — 50^)>  ether,  ohlorofemiy  ethyl  aeetato^ 
ftndaleohoL 

PitroUum  Mxiraot  of  ih$  Bmn, 

Isolation  of  a  New  MonocarbooBylio  Add,  C^^H^y'COjH. 

The  petroleum  extract  of  the  resin  was  a  dark  green,  wax-like  solid, 
and  weighed  28*6  grams.  It  was  dissolved  in  ether,  and  the  ethereal 
liquid  shaken  with  a  solution  of  sodium  carbonate,  when  a  quantity  of 
a  green,  floooulent  precipitate  was  formed.  The  ethereal  and  aqueous 
liquids  were  separated  from  the  precipitate  by  filtration,  when,  on 
aeidifying  the  latter  liquid,  it  was  found  to  contain  no  insoluble  acid. 
The  solid  was  then  well  washed  with  ether,  warmed  with  dilute 
sulphuric  acid,  and  the  libevated  acid  isolated  Ity  means  of  chlorofoim. 
On  removing  the  solvent,  n  green  residue  was  obtained,  whioh  was 
distilled  under  diminished  pressure.  The  light  brown  distillate 
solidified  on  oooling,  and  was  crystallised  from  ethyl  aoetate,  with  the 
use  of  animal  oharooal.  Small,  colourless  leaflets  were  thus  obtainsd 
which  melted  at  69 — 7(P,  and  this  melting  point  was  not  altered  fay 
repeated  crystallisation.  Two  different  preparations  of  this  sabstanos 
were  analysed : 

0-1036  gave  0-3071  CO.  and  0-1242  H^O.  C  =  80-5  ;  H  =  13-3. 
0-1033    „    0-3049  COJ       0-1246  H^O.    C  =  80  5  ;  H  -  13-4. 

Cg^HggOg  requires  C  =  8U-8  ;  II  =  131  per  cent. 

This  acid  would  thus  appear  to  possess  the  formula  CgjHggOj,  and, 
since  no  substance  of  this  formula  has  previously  been  described,  it  is 
apparently  a  new  compound.  It  behaves  towards  bromine  as  a 
saturated  compound,  and  yields  aodium,  potasaium,  and  ammonium 
salts,  which  are  insoluble  in  water.  It  is  only  sparingly  soluble  in 
cold  chloroform  or  in  boiling  alcohol,  and  a  warm  solution  of  it  in  the 
former  solvent  was  found  to  be  optically  inactive.  It  was  not 
possible  to  titrate  accurately  this  acid,  or  any  of  the  analogous  adds 
subsequently  described,  on  account  of  their  sparing  solubility  and  the 
floccnlent  chaiaeter  of  their  insoluble  salts. 

The  sMyl  ester  was  prepsxed  by  means  of  ethyl  alcohol  and 
sulphnrlo  add.  After  being  freed  from  traoss  of  unchanged  aoid,  it 
crystallised  in  leaflets  melting  at  63^ : 

O'iliO  gave  0*3386  CO,  and  0*1890  H,0.   O«81*0 ;  H- 18*5. 
Cj^H^/CO/CgHj  requires  0«81'0;  H»18*l  per  cent. 
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The  greeti,  ethereal  liquid,  from  which  the  above-described  acid  had 
been  removed  by  means  of  sodium  carbonate,  was  shaken  with  a 
solution  of  sodium  hydroxide.  This  treatment  caused  the  separation 
of  a  precipitate  similar  to  that  previously  produced  by  sodium 
carbonate,  but  the  amount  was  somewhat  larger.  The  alkaline, 
aqueous  liquid  obtained  in  this  case  also  yielded  nothing  on  aciditica-  ' 
tion.  The  precipitate  apparently  consisted  of  a  sodium  derivative.  It 
was  therefore  warmed  with  dilute  sulphuric  acid,  and  the  mixture 
extracted  with  chloroform,  when,  on  evaporating  the  chloroformic 
liquid,  a  green,  wax-like  solid  was  obtained.  This  was  crystallised 
from  ethyl  acetate,  with  the  use  of  animal  charcoal,  when  it  separated 
in  amaU,  oolourless  leaflets,  which  melted  at  79°,  and  this  meltiDg- 
point  was  not  altered  by  farther  eryatallisatton. 

01176  gave  0-3406  <X>,  and  01304  H,0.   0-791 ;  H-12  3. 
.01106       0-3216  00s  *»   0*1236  H^O.   0-79*3;  H- 12*4. 
C^H^eO,  requiiw  0  -  79*3 ;  H  - 12*2  per  cent. 

Notwithstanding  the  fact  that  this  aubetanee  cannot  be  remoTcd 
from  its  solution  in  ether  by  means  of  sodium  carbonate,  a  property 
which  was  confirmed  when  working  up  a  second  portion  of  extract 
from  the  bark,  it  must  be  regarded  as  a  carboxylic  acid,  for  it 

crystallises  unchanged  from  acetic  anhydride  after  being  boiled  for 
some  time  with  this  reagent,  exiiibits  an  acid  reaction  to  phenol- 
phthalein,  and  yields  an  ethyl  eater.  Since  no  compound  of  the 
formula  Cg^H^gOj  has  hitherto  been  described,  it  must,  moreover,  be 
regarded  as  a  new  acid.  It  is  very  sparingly  soluble  in  alcohol, 
behaves  towards  bromine  as  a  saturated  substance,  and,  when 
dissolved  in  chloroform,  is  optically  inactive. 

The  ethyl  ester  was  prepared  in  the  usual  manner  by  means  of  ethyl 
alcohol  and  sulphuric  acid.  It  was  dissolved  in  chloroform,  and  freed 
from  unchanged  acid  by  means  of  sodium  hydroxide,  after  which  it 
was  crystallised  from  ethyl  acetate,  when  it  separated  in  gliabening 
plates  melting  at  66*5° : 

0*0946  gave  0  2775  CO,  and  01060  H,0.    C«80  0;  H-12'4. 
O|4H45*0O,'O,H5  requires  0-79*8  ;  H- 12*3  per  cent. 

ImtkUion  oflpuranol,  CziU^O^iOU)^, 

The  original  ethereal  liquid,  which  had  been  shaken  with  solutions 
of  sodium  carbonate  and  hydroxide,  was  washed  with  water,  when  a 
deep  green,  alkaline,  aqueous  liquid  was  obtained,  which  evidently 
contained  a  large  amount  of  chlorophyll  in  combination  with  sodium. 
This  solution  was  acidified  with  sulphuric  acid,  when  the  chlorophyll 
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was  preoipttated.  On  attempting  to  extmet  the  Utter  with  ether,  a 
quantity  of  solid  remained  andiesolved,  and  waa  eolleoted  on  a  filter. 

This  solid  was  washed  by  boiling  it  with  sereral  encceneive  portions 

of  ether,  and  then  dissolved  in  boiling  alcohol,  in  which  it  was  very 
sparingly  soluble.  The  alcoholic  solution,  which  was  green,  was 
decolorised  by  means  of  animal  charcoal,  when,  on  allowing  it  to 
cool,  a  small  quantity  (less  than  01  gram)  of  a  colourless  solid 
separated  in  the  form  of  small,  very  flocculent  tufts  of  extremely  fine 
needles.  This  substance  was  not  very  distinctly  crystalline,  but  waa 
obtained  more  definitely  so  on  cooling  its  solution  in  dilute  pyridine. 
In  order  to  obtain  it  in  greater  amount,  a  further  large  quantity  of 
extnict  from  the  bark  was  employed.  The  substance,  even  when  pure, 
does  not  melt  sharply,  but  fusion  takes  place  between  286^  and  290^| 
eome  gas  being  evolved  from  the  melted  substanoeb 

0*0944  gave  0*2510  00,  and  0«0907  H^O.   G  -  72*6 ;  H  ->  10*7. 
01034  „  0*2752  00,  „  0*0984  H,0.   0-72*6;  H- 10*6. 
O^H^o^^  requires  0»  72*6;  H -10*6  per  eent. 

Althou|?h  no  compound  of  the  formula  C^^^^qO^  has  hitherto  been 
brought  to  notice,  a  substance  having  this  composition  was  recently 
isolated  in  small  amount  in  these  laboratories  from  the  stems  of 
Ipomoea  purpurea,  Koth  {Amer.  J.  Pharm.,  in  the  press),  and  the  two  i 
preparations  have  been  found  to  be  identical.  This  substance,  with 
refei-ence  to  the  source  from  which  it  first  was  obtained,  has  received 
the  designation  ipuranol.  I 

Diacett/lipuratiof,  C,3H3j;0^(CO '0^3)2. — A  small  quantity  of  ipuranol 
was  boiled  with  acetic  anhydride,  when  it  very  slowly  dissolved.  On 
concentrating  the  solution  and  allowing  it  to  cool,  diaa^ylipurami  1 
aeparatod  in  well-tiffined,  glistening  leaflets,  which  melted  at  160®; 

0-1124  gave  0  2875  CO,  and  0*0949  H,0.    C  =  69  8  ;  H-9-4. 
O2|H|0O4(OO*GH,)|  requires  0-69*8 ;  H»9*5  per  cent 

The  identity  of  the  sabatanoe,  C^^fi^^  twok  oli?e.  bark  with 
ipuranol  (from  Ipamo§a  purpurea)  was  further  confirmed  hj  a  eon* 
parieon  of  their  respective  acetyl  derivatives*  Sinoe  Ipuranol  yields  a 
diacetyl  derivative,  it  evidently  contains  two  bydrozyl  groups,  and, 
inasmuch  as  it  gives  a  sodium  derivative  when  treated  with  sodium 
hydroxide,  one  at  least  of  these  groups  must  possess  phenolic  properties 
Diacetylipuranoi,  however,  when  dissolved  in  chloroform,  does  not 
react  with  aqueous  alkalis. 

Ipuranol  is  quite  insoluble  in  petroleum,  and  nearly  so  in  ether. 
It  could  not  therefore  have  been  present  in  the  petroleum  extract  of 
the  resin  in  a  free  state,  and,  as  it  was  obtained  from  the  chlorophyll  j 
after  the  latter  had  been  removed  from  the  ethereal  solution  of  the 
petroleum  extract  in  the  form  of  a  compound  with  the  alkali,  it  , 
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probably  existed  in  the  bark  in  combination  with  some  constituent  of 
the  chlorophyll  which  suffered  hydrolysis  whilst  in  solution  in  the 
dilute  aqueous  sodium  hydroxide. 

The  original  ethereal  liquid  from  which  the  ipuranol  had  been 
obtained  was  evaporated,  and  the  residue  boiled  for  some  time  with  an 
alcoholic  solution  of  an  excess  of  potassium  hydroxide.  The  alcohol 
was  then  removed,  water  added,  and  the  liquid  extracted  with  ether. 
A  small  quantity  of  a  flocculent  precipitate  collected  in  the  lower 
portion  of  the  etheiml  layer,  which  was  found  to  consist  of  an 
insoluble  potassium  salt.  The  acid  obtained  from  this  salt  crystallised 
from  ethyl  acetate  in  plates  melting  at  67'^  but  the  amount  was  not 
sufficient  for  analysis.  The  alkaline  aqueous  liquid  was  separated  and 
found  to  contain,  besides  formio  and  bntyric  acids  in  small  amount, 
onlj  chlorophyll  and  MiKMrplious  matter.  The  ethereal  solution  of  Uie 
unsaponiQable  substances  was  bright  yellow.  The  solvent  was  removed, 
and  the  reiidue  fractionally  eryBtalliaed  from  absolute  alcohol,  when 
a  very  small  amount  of  a  substanoe  was  obtained^  which,  after  distil- 
lation under  diminished  preasurei  orystallifled  in  small  plates  melting 
at  74— 76<»: 

0*0804  gave  0-2503  00,  and  0*1071  ^O.   0  -  84*9 ;  H  - 14*8. 

requires  0»86«4  ;  H»14*6  per  oent. 

This  substance  was  thus  identified  as  pentatriacontane. 

The  mother  licjuors  from  this  hydr(;carbon  yielded  a  substiince 
which,  after  several  retry stallisations,  separated  from  a  mixture  of 
ethyl  acetate  and  dilute  alcohol  in  long,  flittened  needles,  which 
melted  at  134°.  After  being  distilled  under  diminished  pressure,  and 
again  crystallised  as  before,  the  substance  melted  at  136° : 

01076,  on  drying  at  110%  lost  0*0053  H,0.   H,0  «  4*9. 
0*0917  gaye  0*3804  00,  and  0*1008  H^O.  0«83*4;  H«12*2. 
OfiB^Mfi  nqmres  H|0«4*5. 

O^H^O  requires  Oa83-9 ;  Hb11*9  per  cent. 

The  substance  therefore  was  evidently  a  phytosterol,  anJ,  when 
dissolved  in  chloroform  and  treated  with  acetic  anhydride  and  sulphuric 
acid,  it  yielded  the  colour  reaction  characteristic  of  these  alcohols. 
It  differed,  however,  io  appearance  from  the  phytosterols  usually 
obtained,  since  it  crystallised  in  long,  flattened  needles,  and  not  in 
plates.  A  determination  of  its  optical  rotatory  power  gave  the 
following  result : 

0*3965  of  anhydrous  substance,  dissolved  in  25  c.c.  of  chloroform 
gave  [a]r,  - 1°7'  in  a  2-dcm.  tube,  whence  [ajo  -35*2°. 

The  melting  point  and  rotation  of  this  phytosterol  agree  approxi- 
mately with  those  of  sitosterol  (Zviisch.  physiol.  Chem.,  1902,  34,  461), 
which  melts  at  137"  and  has  [a^  -  33*9^  The  aoetate  of  the  phyto- 
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Sterol  from  olive  bark,  howoTer,  eiyetellieed  in  silky  luninio  meltiiig 
at  1 19*5^,  and  this  melting  point  oonld  not  be  rstsedy  wherees  sitosteryl 
acetate  melts  at  128**.  It  would  appear  therefore  that  the  two 
alcohols  are  not  identical 

Etiiereal  Extract  of  the  Resin, 
JtoUaUm     a  Iftw  Monocarbo^lic  Add,  Cg|H^*GO}H. 

The  portion  of  the  resin  removed  by  ether  amounted  to  13  grams. 
As  origiDally  obtained,  it  consisted  of  a  green,  ethereal  solution 
containing  a  quantity  (about  4  grams)  of  a  light -coloured  precipitate. 
The  latter  was  collected  on  a  lilter  and  well  washed  with  ether,  after 
which  it  was  dissolved  in  a  large  volume  of  hot  alcohol,  the  solution 
decolorised  by  means  of  animal  charcoal,  and  allowed  to  cool.  A 
quantity  of  a  white,  amorphous  solid  then  separated.  This  was 
collected  on  a  filter,  again  dissolved  in  hot  alcohol,  and  allowed  to 
separate,  but  it  htill  remained  amorphous.  The  solid  substance,  which 
melted  at  90°,  was  therefore  dried  and  then  distilled  under  a  pressure 
of  13  mm.,  when  it  pasped  over  up  to  365°  without  decomposition. 
The  distillate  wji8  crystallised  from  ethyl  acetate,  from  which  it 
separated  in  small,  colourless  leadets  melting  at  92° : 

0  0976  gave  0-2872  CO2  and  0-1189  HgO.    C  -  80  3  ;  H-13-5. 

0-0855   „    0-2524  CO,  „   0  1043  H,0.    C  =  80-6 ;  H- 13-6. 
Ogfiffi^  requires  0  -  80  6 ;  H  - 1 3*4  per  cent 

This  substance  was  an  aM,  as  was  evident  from  its  belutTionr  to 
phenolphthalein.  It  yields  scNlittm,  poUtmumi  and  ammomum  salkfli 
which  are  flooeu!ent»  insoluble  solids,  and  readily  gives  an  sC&y^  ester. 
Since  no  substance  of  the  formula  Og^H-oO^  has  heretofore  been 
described,  it  must,  moreover,  be  regarded  as  a  new  compound.  The 
acid  is  only  sparingly  soluble  in  most  of  the  usual  organic  solvents 
when  oold,  and,  so  far  as  could  be  observed  with  a  dilute  ehloroformic 
liquid,  it  is  optically  inactive.  It  would  not  appes^r  probable,  how* 
ever,  that  it  is  a  normal  fatty  acid,  since  it  is  absolutely  insoluble  in 
light  petroleum.  It  is  also  more  soluble  in  boiling  alcohol  than  the 
noid  Cg^lIggOj,  which  was  obtained  from  the  petroleum  extract  of  the 
resin, 

A  small  quantity  of  the  eth>/l  ester  was  prepared.  This  crystallised 
in  leaflets,  which  were  rather  larger  than  those  of  the  corresponding 
acid,  and  melted  at  87°. 

ItoUuion  of  a  New  Uwohydric  Alcohol^  O^jUe^'OH. 

The  above  described  acid,  melting  at  02^,  did  not  represent  the 
wh<de  of  that  portion  of  the  ethereal  extract  of  the  resin  which  was 
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sparingly  solable  in  this  solvent.  It  wm  evident  that  a  nuztore  of 
other  flobstanoee  of  lower  meltiDg  point  was  present  in  the  mother 
liquors  together  with  a  traoe  of  a  oompoond  melting  above  2ft0^,  whioh 
will  be  referred  to  latar.  A  farther  and  moeh  larger  quantity  of  the 
sparingly  soluble  material  was  obtained,  and  submitted  to  fractional 
distillation  under  diminished  pressure,  when  the  following  fractions 
were  collected:  below  250^  250— 290^  290—320°,  320— 360"/ 13  mm. 
The  last  two  fractions,  on  crystallisation,  yielded  a  product  which 
melted  at  87°,  and,  on  analysis,  was  found  to  consist  essentially  of  the 
above  described  acid  (m.  p.  92°).  The  portion  boiling  below  250°  was 
only  small  in  amount  and  was  not  examined,  but  the  fraction 
250 — 290°/13  ram.  yielded  a  product  which  crystallised  from  ethyl 
acetate  in  tiattened  needles  melting  at  70°,  and  this  melting  point  was 
not  altered  by  repeated  orystalUaatioD.  Oa  analysis,  it  gave  the 
following  result : 

0  0907  gave  0*2778  CX>,  and  01 136  Hp.   C  -  83-5 ;  H  « 13*9. 

CgjjH^jjO  requires  0-83-3  ;  H-18-5  per  oent 

This  9ubekmc9  is  evidently  identical  with  the  compound,  melting  at 
the  same  temperature,  which  was  subsequently  isolated  from  the 
portion  of  the  ethereal  extract  of  the  resin  which  was  more  readily 
soluble  in  this  solvent,  although  the  percentage  of  carbon  found  is  a 
trifle  too  high.  It  may  be  noted  that  its  formula  differs  by  the 
elements  of  one  moleeole  of  water  from  that  of  the  above-deseribed 
acid  melting  at  92%  but  it  is  much  more  soluble  than  the  latter  in 
chloroform. 

The  boiling  point  of  the  fraction,  from  which  this  substance  was 
obtained,  shows  that  the  moleenlar  weight  of  the  compound  cannot  be 
twice  that  indicated  by  the  above  formula.  The  snbstanoe  therefore 
contains  only  one  oxygen  atom,  but,  notwithstanding  this  fact,  it  can 
be  removed  completely  from  its  solution  in  chloroform  or  bensene  by 
means  of  sodium  hydroxide,  an  insoluble,  flocculont  §odium  compound 
being  formed.  The  slight  phenolic  properties  of  the  compound  may 
be  accounted  for  by  regarding  it  as  a  tertiary  alcohol  and  by  ita 
possessing  such  a  high  molecular  weight.  An  acetyl  derivative  could 
not  be  obtained  from  it,  and  this  also  indicated  that  it  did  not  contain 
a  primary  or  secondary  alcoholic  grouping.  Since  no  compound  of  the 
formula  CjjjHggO  has  previously  been  described,  it  must,  moreover,  be 
regarded  as  a  new  substance.  When  dissolved  in  chloroform,  it 
does  not  absorb  bromine,  and  would  therefore  appear  to  possess  a 
cyclic  structure. 

The  original  alcoholic  mother  liquors,  obtained  after  the  preliminary 
purification  by  means  of  animal  charcoal,  of  that  portion  of  the 
ethereal  extract  of  the  resin  which  was  sparingly  soluble  in  this 
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Bolvent  oontatned,  as  previously  stated,  a  very  small  amount  of  a 

substance  melting  above  250°.  They  were  therefore  evaporated  to 
dryness,  and  the  residue  extracted  with  boiling  benzene.  The  small 
amount  of  material  which  remained  undissolved  by  this  treatment  was 
crystallised  from  dilute  pyridine,  after  which  it  melted  at  285 — 290°, 
and  by  conversion  into  its  acetyl  derivative  (m.  p.  160°)  was  identified 
as  ipuranol.  This  trace  of  ipuranol,  obtained  from  the  ethereal  extract 
of  the  resin,  had  evidently  existed  in  the  plant  in  the  free  state. 

Isolation  of  a  N€w  Monoearboxylic  Acid,  C^gHj^'OO^H. 

The  original  ethmal  filtrate  from  the  sjptainglj  soluble  predpi* 
tate>  fbe  omniiiatioii  of  which  has  josfe  heoi  d6Boiihed»  wis  ihakw 
with  a  flolttlion  of  anunoninm  earbtmate.  This  caused  the  sepua- 
tion  of  a  flooeolent  €anmoniim  salt^  which  was  eoUeoted  on  a  fltff 
and  well  washed  with  ether.  The  aqneoas  portion  of  the  filtrate  fron 
this  precipitate  yielded  nothing  on  acidification*  The  precipitate  mi 
treated  with  dilate  eolphiirie  add,  and  the  liherated  acid  eztraoted  faj 
means  of  chloroform.  On  removing  the  solvent,  a  green,  wex4iks 
aolid  was  obtained,  which  was  distilled,  nndw  diminiehed  pressure, 
after  which  it  was  crystallised  from  ethyl  acetate  with  the  use  cf 
animal  charcoal.  The  acid  then  separated  in  small,  glistening  leaflets 
melting  at  82°  and  when  again  crystallised  from  ethyl  acetate  iU 
molting  point  was  raised  to  84° : 

0-0938  gave  0  2748  00^  and  01104  HjO.    C«79-9;  H«13-l. 

After  another  crystallisation,  the  melting  point  of  the  substance 
remained  unchanged,  and  it  was  again  analysed  : 

0-0960  gave  0-2784  00^  and  0*1 103  H,0.   0  -  79*9 ;  U  - 12-9. 
Cg^g^O,  requires  0- 80-0;  H«I2'9  per  cent 

As  no  compound  possessing  the  formula  O^JS^O^  has  previmiily 
been  described,  the  suhetance  melting  at  84^  must  be  regerded  ae  a 
new  mofiO0ar6oxy/io  aoU,  Its  empirical  formula  would  appear  to 
indicate  that  It  belongs  to  the  oleio  acid  series,  but,  when  dlsedved  in 
ohloroform,  it  does  not  abeorb  bromine^  and  may  therefore  be 
considered  to  possess  a  cyclic  stmctore. 

The  ethyl  ester  of  this  acid  was  prepared  in  the  usual  manner,  and, 
after  being  freed  from  traces  of  unchanged  acid,  was  found  to  melt  at 
75°.  It  crystallised  from  ethyl  acetate  in  glistening  plates,  which 
dried  to  a  parchment-like  mat : 

0-0939  gave  0  2766  COj  and  01 114  U^O.    C«80-3  ;  H  =  18-2, 
CoaH^'CO-CgHg  requires  0  =  80-3 ;  H«  13*0  per  cent. 

The  ethereal  liquid,  from  which  the  above^leecribed  acid  had  been 
obtained  in  the  form  of  its  ammonium  salt,  was  shaken  with  a  solntioii 
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of  sodium  carbonate.  Nothinjsr  was  dissolved  by  this  alkali,  but  a 
Mnall  amount  of  a  flocculent  precipitate  separated,  from  which, 
however,  no  pure  substance  could  V)e  isolated. 

The  ethereal  liquid  was  then  shaken  with  a  solution  of  sodium 
hydroxide,  when  a  floccalent,  insoluble  sodium  compound  separated. 
The  latter  was  treated  with  dilute  sulphuric  acid,  and  the  liberated 
substance  extracted  by  means  of  chloroform.  On  removing  the 
solvent,  a  residue  was  obtained  which  contained  a  considerable  amount 
of  chlorophyll.  It  was  purified  by  several  distillations  under  diminished 
pressure,  and  finally  by  crystallisation  from  ethyl  acetate,  when 
colourless,  flattened  needles,  melting  at  70°,  were  eventually  obtained : 

0  0847  gave  0  2583  CO3  and  0*1061  F  A    C  =  83'2;  H  =  13  9. 

0-0984   „    n  .^OOSCOj  „  0  1212Hj,O.    C  =  832 ;  H«  13-7. 
Ui,H^O  reqoiree  0-83*3 ;  H- 13*5  per  cent 

This  oompoond  was  identical  with  thepraWcmslj-deBeribed  substanoe 
of  the  same  oompoaitimi  and  melting  point,  which  is  probably  a 
tertiaiy  alooho). 

The  final  ethereal  solntton,  which  had  been  ezfciaeted  by  alkalis 
as  above  described,  oontatned  only  a  trace  of  amorphous,  green 
substance. 

Chhrofirm,  £tk^  ActkUe,  and  AlooM  Xutraoti  0/  <As  IMn. 

The  chloroform  extract  of  the  resin  amounted  to  about  6  grams,  and 
was  evidently  a  complex  mixture.  It  was  shaken  with  aqueous  alkalis, 
but  no  pure  substance  could  be  obtained  from  it. 

The  portion  of  material  removed  by  ethyl  acetate  was  very  small. 
It  consisted  of  resin  together  with  a  trace  of  ci-mannitol,  which  had 
escaped  extraction  by  water  during  the  preliminary  treatment. 

The  remaining  small  portion  of  the  resin,  which  was  soluble  only  in 
alcohol,  consisted  of  a  brown,  amorphous  product. 

XtemUmUiiom  of  <As  Bfuwtk  Ruin  (JS), 

This  product,  as  first  obtained,  was  a  hoavy,  brown,  viscid  syrup. 
After  being  completely  freed  from  substances  soluble  in  cold  water,  it 
was  dried  on  a  water-bath,  when  it  formed  a  somewhat  soft,  brown 
resin,  amounting  to  283  grams.  This  was  dissolved  in  alcohol,  and 
th6  solution  evaporated  on  purified  sawdust,  after  which  the  dry 
material  was  extracted  successively  in  a  large  Sozhlet  apparatus  with 
ether,  chloroform,  ethyl  acetate,  and  alcohol. 

The  amount  of  material  removed  by  ether  was  very  small.  It  was 
freed  from  a  trace  of  substance  soluble  in  petroleum,  redissolved  in 
ether,  and  then  extracted  with  a  solution  of  ammonium  carbonate. 
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The  aqiMons,  alkaline  liquid  tlras  obtained,  after  iilt«iing,  was  acidified 
with  ralphurie  eoid,  a  smaU  quantity  of  preeipitated  tarry  matter 
removed,  and  the  sdation  then  extraoted  many  times  with  ether. 
The  ethmal  liquid,  on  evaporation,  yielded  a  smaUyOryitaUineresidaek 
which,  after  reerystallisation  from  alcohol,  melted  at  S66^,  and  was 
identical  with  a  compound  which  was  snbaeqnently  ohtained  in  Isrgor 
amount  from  the  aqueous  liquid  (C).  No  other  ctystsUiDe  substsace 
could  be  obtained  Irom  the  etheieal  eztraet  of  the  bcown  resin. 

The  chloroform  extract  of  the  brown  reiin  was  reUtively  small  in 
amount,  and,  although  exhaustively  examined,  it  yielded  nothing 
crystalline. 

The  ethyl  acetate  extract  represented  the  greater  part  of  the  hrown 

lo^in,  but  nothing  could  be  separated  from  it.  A  large  proportion  of 
it  \v;us  only  sparingly  soluble  in  ethyl  aceiate,  and,  in  view  of  the 
possibility  of  this  containing  a  glucosidic  substance,  it  was  freed  from 
any  traces  of  sugar  and  then  heated  with  dilate  alcoholic  sulphuric 
acid.  On  evaporating  the  alcohol  after  this  treatment;  a  quantity  of  a 
black  resin  was  obtained,  from  which  nothing  could  be  isolated,  but, 
after  removing  the  sulphuric  acid  from  the  aqueous  liquid,  the  latter 
yielded  a  small  quantity  of  c^-phenylglucosazone.  It  was  thus  evident 
that  some  material  of  a  glucoaidic  nature  was  present  in  the  ethyl 
acetate  extract. 

The  remaining  portion  of  the  brown  resin,  which  was  soluble  only 
in  alcohol,  amounted  to  about  one-third  of  the  whole.  Its  solution  in 
alcohol  dried  to  a  hard,  brown  varnish.  When  treated  with  dilute 
alcoholic  sulphurio  acid,  it  yielded  a  quantity  of  dextrose,  but  the  only 
other  product  was  an  amorphous  reein. 

^aBomtfuilton  of  ik§  Aqutoui  Liquid  (C). 

Isulaiioa  of  a  New  PJionolic  Substance,  Oleniiolj  Cj^Hj^Og. 

The  concentrated  aqueous  liquid  {C)  was  repeatedly  extracted  with 
ether,  the  combined  ethereal  liquids  shaken  with  several  successive 
portions  of  a  solution  of  sodium  carbonate,  and  the  alkaline  liquids 
then  separately  examined.  The  liquid  obtained  by  the  fimt  extraction 
with  sodium  carbonate  yielded,  on  acidification,  a  precipitate  of  a  dark 
brown,  heavy  oil,  and,  when  allowed  to  stand  for  some  time,  it  also 
deposited  a  small  amount  of  pale  yellow  crystals.  The  mixture  was 
shaken  with  a  small  volume  of  ether,  when  apparently  only  the  oil 
dissolved,  and  the  crystals  were  then  collected  on  a  filter.  Theetheresl 
portion  of  the  filtrate  was  then  separated,  but  this  was  fonhd  to  contain 
only  a  brown,  oily  product  A  further  small  quantity  of  the  crystalline 
substance  was,  however,  obtained  hy  repeatedly  extracting  the  add, 
aqueous  liquid  with  ether. 
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The  liquid  obtained  by  shaking  the  ethereal  extiact  of  the  aqueous 
liquid  with  a  second  portion  of  sodium  carbonate  solution  also  yielded 
a  small  amount  of  this  erjstalline  substance,  but  all  the  subsequent 
extractions  with  this  alkali  gave  onlj  tarry  products.  The  original 
ethereal  liquid,  after  complete  extraction  with  sodium  carbonate 
yielded  only  a  brown,  ▼isoid  syrup. 

The  different  portions  of  the  oiystalUne  substance  were  mixed  and. 
reoTBtallised  from  alcohol,  when  it  was  obtained  in  short,  yellow 
needles  melting  at  about  266^.  This  product  was  found  to  be  identical 
with  the  small  amount  of  crystalline  substance  which  had  been  ob- 
tained from  the  ethereal  extiact  of  the  brown  resin,  as  already 
described.  The  products  from  the  two  sources  were  therefore  mixed 
and  again  crystallised  from  alcohol,  after  which  the  substance  still 
mt'lted  at  about  265°,  although  not  quite  sharply,  some  decooi position 
occurring.    On  drying  at  110°,  it  was  found  to  be  anhydrous  : 

0  0988  gave  0*2220  CO,  and  0  0338  H,0.   0  -  61  3 ;  H  »  3*8. 

As  the  amount  of  this  substance  available  was  not  sufficient  for 
another  analysis,  a  further  portion  of  it  was  obtained  by  working  up 
a  larger  quantity  of  the  original  extract  of  the  bark,  and  this,  on 
analysis,  gave  the  following  result ; 

0-0988  gave  0-2216  CO^  and  0  0327  H2O.    C-6t-2;  H  =  3-7. 

Cj^Hj^jO^  requires  C  =  61*3;  H  =  3'G  per  cent. 

The  properties  of  this  substance  do  not  agree  exactly  with  those  of 
any  compound  of  the  formula  Cj^Hj^O^  which  has  previously  been 
described.  It  was  thought,  however,  that  it  might  possibly  be 
identical  with  a  substance  prepared  by  A .  Michael  {J.  pr.  Ckmn,,  1887, 
[ii],  35y  510)  by  the  condensation  of  ethyl  oxalate  with  resorcinol, 
which  is  stated  to  fuse  at  about  259^  A  quantity  of  the  latter 
substance  was  therefore  prepared,  but  was  found  to  differ  tot^illy 
in  many  of  its  properties  from  the  compound  from  olive  bark.  Xlie 
yellow,  etystalline  snbetanee  Oi^Hj^O^  is  therefore  a  new  compound, 
and  it  is  proposed  to  designate  it  timUoL 

Olenitol  is  slightly  soluble  in  water,  ether,  or  ethyl  acetate,  and 
aomewhat  more  readily  so  in  alcohol.  Its  dilute  solution  in  water  or 
aqueous  alcohol  is  slightly  yellow,  and  exhibits  a  pale  blue  fluorescence. 
When  dissolved  in  cold  sulphuric  add,  olenitol  gives  a  colourlees 
solution,  but  its  solution  in  alkalis  is  intensely  yellow,  and,  when 
largely  diluted,  displays  a  violet-blue  fluorescence.  An  aqueous  solu- 
tion of  olenitol  gives  with  feirie  chloride  an  intense^  moss^green 
cokmr* 

Olenitol  does  not  contain  a  carboxyl  group,  since  its  acetyl  derivative 
is  insoluble  in  cold  aqueous  alkalis.  It  must,  therefore,  be  regarded 
as  a  phenolic  compound.    Methozyl  groups  also  do  not  appear  to  be 
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pment^  for  thft  oleoitol  wm  veoovmd  unohanged  after  beiog  boUed 
for  an  hour  with  70  per  cent,  snlphiirie  add. 

Actlf^oUnUol  was  prepared  by  boiling  olenitol  with  aoetle  anhydride 
Cor  half  an  hoar.  The  anhydride  wae  then  deoompoeed  fay  water,  and 
the  greater  part  of  the  aoetio  add  neutralleed  by  eodinm  carbonate. 
Aoetylolenitol  then  eeparated  in  a  crystalline  form,  and,  alter  leerjs- 
taUBHttion  from  aloohol,  wae  obtained  in  nearly  oolonrleaB  leaflet^ 
melting  at  The  amount  of  tide  derivative  wae,  howeveri  not 

enffieient  for  analysis. 

The  original  aqueous  liquid,  which  had  repeatedly  been  extracted 
with  ether,  was  shaken  with  many  Huccessive  portions  of  amjl  alcohol. 
This  treatment  removed  about  80  grams  of  a  product  which  was 
similar  in  appearance  to  the  previously-described  brown  resin  (5). 
It  was  exhaustively  examined,  and  found  to  be  a  very  complex 
mixture.  All  the  products  obtained  from  it  were  brown,  very  viscid 
syrups,  which,  when  dissolved  in  boiling  water,  reduced  Fehliog's 
solution,  but  nothing  crystalline  could  be  obtained  from  them. 

The  aqueous  liquid,  after  being  freed^from  amyl  alcohol  by  means 
of  steam,  was  treated  with  an  excess  of  a  solution  of  basic  lead  acetate. 
A  bulky,  yellow  precipitate  was  thus  obtained,  which  waa  ooUected  on 
a  filter,  well  washed  with  boiling  water,  then  suspended  in  water,  and 
decomposed  by  hydrogen  sulphide.  The  liquid  filtered  from  the  leid 
Bttiphide,  when  oonoentrated,  formed  a  brown  eyrup^  whidi  appeared 
to  contain  a  large  amount  of  tannic  matter,  but  the  only  crystalline 
enbetanoe  that  could  be  iiolated  from  it  waa  a  trace  of  oxalic  add. 

The  filtrate  from  the  bade  lead  acetate  predpitate  waa  deprived  d 
lead,  and  concentrated  under  diminiahed  preeeure»  when,  on  allowing 
it  to  stand  for  some  time,  it  depodted  a  quantity  (56  grams)  d 
cryetala.  These  were  collected  and  recryatallieed  from  dilute  alcoliol, 
after  which  they  mdted  at  ICS**  and  were  identified  as  <imannitoI : 

0-1035  gave  01506  OOj  and  0  0750  H,0.    C-39-7;  H«8-0. 
CflHJ^O^^  re(juires  C=»39'6  ;  H  =  7'7  per  cent. 

The  original  syrupy  filtrate  from  the  <i-mannitol  readily  reduced 
Fehling's  solution,  and  evidently  contained  a  large  amount  of  sugar, 
for,  when  warmed  with  phenylhydrazine  acetate,  it  yielded  (^  phenyl- 
glucosazone,  which,  when  heated  somewhat  rapidly,  melted  at  21 7^ 

The  liquid  was  further  tested  for  the  presence  of  a  glucoaide^  hot 
only  a  black  resin  and  a  little  f  urf  uraldehyde  were  obtained. 

Summary, 

The  results  of  this  investigation  may  be  summarised  as  follows  : 
The  iiir  dried  olive  bark  employed,  on  percolation  with  hot  alcohol, 
yielded  about  30  per  oent.  of  its  weight  of  extracted  material,  of  whifih 
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61*5  per  cent,  was  soluble  in  cold  water.  A  further  32  3  per  cent, 
could  be  dissolved  by  boiling  water,  but  eeparated  on  cooling,  whilst 
the  remainder  amoanting  to  about  6*2  per  .cent.,  was  quite  insoluble  in 
either  cold  or  hot  water. 

The  portion  of  the  alcoholic  extraot  which  was  dissolved  by  cold 
water  contained  an  amount  of  d-mannitol  equivalent  to  nearly  1*9  per 
cent,  of  the  weight  of  airbed  bark,  together  with  tannic  matter, 
viBcid»  brown  produotSy  and  a  sugar  which  yields  (i-phenylgluoosaione. 
It  also  contained  a  small  amount  of  a  new,  crystalline  phenolic 
substance,  efmM^  <^\i^io^6  ^^)f  ^"^^  solutions  of  which 

show  a  Uue  iluoresoence.  Ae9lyM&nUol  melts  at  130^. 

The  portion  of  the  alcoholic  extract  which  was  soluble  in  hot  but 
not  in  cold  water  consisted  for  the  most  part  of  brown,  resinouB 
products,  some  of  which  yielded  glucose  on  hydrolysis,  but  a  small 
amount  of  olenitol  was  also  obtained  from  them. 

The  material  insoluble  in  water  consisted  chiefly  of  a  mixture  of 
new  monocarhoxj/lie  acids^  all  of  which  crystallise  from  ethyl  acetate 
in  small  leaflets.  -They  have  the  following  composition  and  properties  : 
(I)  an  acid,  i:^^il^^'00^\l  (ra.  p.  69—70°),  which  yields  an  ethyl  ester 
melting  at  63°;  (2)  an  acid,  Co^H^^'COall  (m.  p.  71)  ),  the  ethyl  ester 
of  which  molts  at  66  5  '.  Both  of  these  acids  are  soluble  in  petroleum 
(b.  p.  35-50°);  (3)  an  acid,  C3^H3./C02H  (m.  p.  92°),  which  is 
insoluble  in  petroleum,  and  yields  un  ethyl  ester  melting  at  87°  ; 
(4)  an  acidy  Q.^t^^^r^OO^  (m.  p.  84  ),  which  yields  an  ethyl  ester 
melting  at  76°,  and,  like  the  preceding  one,  is  insoluble  in  light 
petroleum.  In  addition  to  these  acids,  a  aubttance,  probably  a 
UrUary  aloohol,  Ca^H^/)  (m.  p.  70°),  was  obtained,  together  with  a 
small  amount  of  pentatriaoontane,  ^86^72  (°^-  P*  — ^ 
phytosterol,  G^U^fi  (m.  p.  136**;  [«]d-35-2°),  the  acetate  of 
which  melts  at  119*5°,  and  a  very  small  amount  of  a  suhsUiTum, 
C^Hg80j(OH)2  (m.  p.  285—290°),  which  yields  an  acetyl  derivative, 
0„H3,O4(00*0fig)9  melting  at  160°.  This  last-mentioned  substance 
is  identical  with  a  compound  which  has  recently  been  isolated  by 
Power  and  Bcgerson  from  Ipmmm  pmjmna,  and  designated  ipmranoL 

In  conclusion  it  may  be  noted  that  the  constituents  of  oUts  bark  are 
quite  dissimilar  to  those  of  the  leaves,  as  oni*  investigations  have 
shown  that  only  three  substances  are  common  to  both,  namely, 
^nmnnitol,  sugar,  and  pentatriacontane.  In  view  of  the  large 
percentage  of  fatty  oil  contained  in  the  ripe  fruit  of  the  olive  tree^  it 
may  alio  be  considered  remarkable  that  the  bark  should  bs  devoid  of 
even  traces  of  the  ordinary  fatty  adds. 

Ths  Wsllcomb  Chemical  Rebearuh  Labo&atobiis, 

London,  £.C. 
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LXXXV. — 27ic  Me/raction  and  Dispersion  of  TriazO' 

compounds. 

By  James  CiiAELEii  Puilip. 

Tn  speotroolwiiiiBtry  of  nitrogsa  has  been  mftda  the  sabjeefc  of 
ezhanstiye  investigation  hy  Briihl  (JBtiUeh,  pkptikal.  Ckmn.,  1894, 
16,  193,  326,  497,  512 ;  1897,  22,  373 ;  1898,  25,  677 ;  26,  47), 
and  from  his  rssearshes  it  appears  that  the  contribution  which  the 
nitrogen  atom  makes  to  the  moleoolar  refraction  or  dispersion  of 
a  componnd  depends  Tery  markedly  on  the  character  and  arrangemeot 
of  the  other  atoms  or  groups  with  which  the  nitrogen  is  lioked.  This 
result  obviondj  suggests  that  the  determination  of  the  opticsl 
constants  of  a  compound  containiog  nitrogen  may  be  oasful  in 
throwing  light  on  its  constitution,  and  Briihl  himself  has  mads 
frequent  use  of  refraction  and  dispersion  for  this  purpose. 

It  has  been  found  possible  to  add  a  little  to  our  knowledge  of  the 
spectrochemistry  of  nitrogen  by  a  study  of  the  interesting  triato- 
compounds  recently  prepared  and  described  by  Forster  and  Fierz  (this 
vol.,  72,  669  ;  albo  Proc  ,  1908,  24,  102).  Unlike  the  majority  of  the 
azoimides  hitherto  known,  many  of  these  triazo-compounds  are  liquids, 
and  are  therefore  particularly  suitable  for  a  study  of  refractive  and 
dispersive  power. 

Acknowledgment  must  here  be  made  of  the  author's  indebtedness 
to  Dr.  Forster  and  Dr.  Fierz,  who  very  kindly  put  at  his  disposal  the 
materials  required  for  this  and  the  following  investigation.  Without 
their  co-operation  the  work  could  not  have  been  undertaken. 

Two  of  the  compounds  examined,  namely,  phenylazoimide  and 
benzylazoimide,  were  very  kindly  prepared  by  Dr.  Fierz  for  the  special 
purpose  of  this  investigation.  Two  specimens  of  the  former  were  made, 
one  (a)  bj  £mil  Fischer's  method,  and  the  other  (6)  by  Noelting  and 
Miohel's  method.  The  specimen  of  benzylazoimide,  prepared  by  heating 
bensjrl  chloride  with  sodium  aside,  boiled  at  72"^  under  a  piessare  of 
8  mm.;  on  redistillation,  the  middle  fraction,  boiling  at  64°  under  a 
pressure  of  3  mm.,  was  collected,  but  it  was  found  that  the  molecular 
refraction  was  not  altered  hy  the  redistillation.  The  description  of 
the  preparation  and  propertiee  of  triasoethyl  ahsohoi,  Ng^CH^'CHs'OH, 
another  of  the  sabstaaces  examined,  will  appear  in  a  future  com* 
muoication  by  Dr.  Forster  and  Dr.  Fiers. 

The  refractiTe  indices  at  24*9^  for  the  H.,  D,  and  lioee  were 
determined  with  a  Pulfrich  refractometer.  A  steady  temperature 
was  attained  by  circulating  water  from  a  thermostat  by  a  small 
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rotary  pump  in  the  way  described  by  Lowry  (Tram.  Faraday  Soe,, 
1907,  3,  119).  This  method  of  proWdiiig  a  current  of  water  at 
oonatMit  temperatoFe  is  Tery  satiefactory,  and  may  be  highly  recom- 
mended. 

The  densities  of  the  Tarious  liquids  were  determined  with  a 
pyknometer,  and  the  values  recorded  below  are  tboee  obtained  at 
24*9**,  the  temperature  at  which  the  refractive  indices  were 
determined.  The  weighings  were  in  all  cases  corrected  for  displaced 
air. 

The  observed  values  of  density  and  refractive  index  are  recorded  in 
the  following  table : 

Table  I. 


Substiit  oc.  d.  Ha.  no.  «y. 

Ethyl  triazoacetate    11191  1*43281  1*43487  1*44657 

Ethyl  a  triazopropionate   1-0588  1-42910  1*42857  1'4S904 

Ethyl /3-tria7.opropionato   1*0798  1-43581  1  i3'J3ri  r45010 

Ethyl  bistriazojicetato    \-J20i  1*46090  1  4C400  1*47839 

Triazoethyl  alcohol    11435  145488  1-46778  1  47095 

Bistriiuoelhsne   1-1699  1-47620  1-47976  1 '49688 

Benzvlnzuinii.lo    1  0655  1  •5*2923  1*53414  1*55748 

Ethyl  iriazoforniate    1-1082  1*41363  1-41623  1*42861 

Phenyluzoiiiiide  (rt)    1  0871  —  1-6688  — 

{b)    1  0896  1-55*227  1  55886  — 

a.NaphibyUuEoimide.....   1  1713  1*64481  1*65501 


The  colour  of  phenylazoimide  and  a-n&phthylazoimide  prevented  the 
determination  of  r?^  for  these  substances* 

In  the  following  table  II  are  given  in  the  second  column  the  values 

1  if 

of  the  molecular  refraction  [M.K.]u  =  ""yr^-"/  f  third  column, 

the  values  of  the  molecular  dispersion  [M.R.]y  -  [M.R.]^ ;  in  the 
fourth  column,^  he  contribution  to  the  molecular  refraction  which  is  to 
be  assigned  to  the  N,*group,  and  in  the  fifth  column  the  amount 
contributed  to  the  dispersion  by  the  N|-groQp.  Except  where 
specially  noted,  the  values  in  the  fourth  and  fifth  columns  are  obtained 
by  subtracting  from  the  experimental  values  of  the  molecular 
refraction  or  dispersion  the  total  contributions  of  the  other  atoms  in 
the  molecule.  '  For  this  purpose,  the  following  values  of  the  atomic 
refraction  and  dispersion  have  been  employed :  refraction,  0,  2*501 ; 
H,  1*051 ;  O  (hydroxyl),  1*521 ;  O  (ether),  1*683  ;  0  (carbonyl),  2*287 
Ostwald-Luther,  Physiko-ekmitt^  M999ungen,  p.  234) :  dispersion, 
C,  0-039;  H,  0-036;  0  (hydroxyl),  0*019;  O  (ether),  0-012; 
O  (carbonyl),  0*086  (see  Briihl,  Zeitsch,  phjaikcU,  Chein,,  189 J, 
7,  191). 
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Tablb  II. 

Oontrilntion  of  Nj-f^oup  to 

SabsUnce.                 [M.K.Jb.  [M.R.]y-[M.B.]«.  Refraction.  Diqiendon. 

Btliyl  tiiaft»e0tat0                S0*07           0*856  874  0*8S 

Ethyl  a-triazopropionate           34*80            0*977  8*87  O'M 

Ethyl /S-triazopropiouate   ...    34*79            0*984  8'88  0*37 

Ethyl  biatriazoacetate              38*42            1*242  «-07  0*38 

Triazoethyl  alooliol  ..i             2075           0*828  8  97  0  3.5 

Bistriazocthane  «           27-18            0*942  8*98  0-36 

BeMvlftzoimide                     38*82           1-701  8-86*  0*37* 

BfchylirittdliDniiAte                28*06           0*828  0*82  0  48 

PhenyluMibiiide                   35*33            —  10-27'  — 

(&)                 35-25              —  10  19^  — 

a-Naphthyhzoimidc                 52  95              —  lOW  — 


*  In  these  cases,  the  contributions  of  the  phenyl  and  benzyl  radicles  have  been 
obtained  by  subtracting  the  atomic  refraction  (or  dispersion)  of  hydrogen  from  the 
molecular  refraction  (or  dispersion)  of  benzene  and  toluene  (for  latter  data,  see 
Perkin,  Trans,,  1900,  77,  273). 

t  The  oontrilmtion  of  the  o-naphthyl  imdide  wm  obtained  1^  tuhtrteliiig  the 
atomic  refraction  of  bromine  from  the  molecular  refrtotioil  oi  «>bl0lll01iaphtiieIaM 
<aee  firiihl,  ZeU§eh,  phywOeak  Chem,,  1897,  22*  408). 

The  only  one  of  these  substances  the  refraction  of  which  has 
already  been  determined  is  phenylazoimide.  Briihl  {ZeittcJi.  pfiysikal. 
C/iem.,  1894,  16,  222)  gives  35*93  as  the  value  of  [M.R.]d  for  this 
substance,  whilst  on  the  basis  of  Porkin's  data  (Trans ,  1896,  69, 
1232)  the  value  is  35*14.  The  values  recorded  in  the  foregoing  table 
are  in  good  agreement  with  Perkin's  figure,  and  it  is  worthy  of  note 
that  the  specimen  of  phenylazoimide  examined  by  him  was  prepared 
by  a  different  method,  namely,  by  the  action  of  nitrosyl  chloride  on 
pbenylhydrazine  (Tilden  and  MUlar,  Tiaiuu,  1893,  63,  256).  Bruhl'a 
value  is  uudoabtedly  too  high. 

On  reference  to  table  II,  it  will  be  wen  that,  apart  from  ethyl 
triasof ormate,  phenylasoimide,  and  a-naphthyUioimide,  the  eacoeptional 
behavioar  of  which  will  be  diaeiisaed  later,  the  ioofemeiit  of  the 
xefraetion  or  dispersion  due  to  the  N,-groap  is  remarkably  onifomu 
Ethyl  triacoaoetate  gives  lower  valnes  than  most  of  the  anbstanoss^ 
whilst  ethyl  bistriaaoaoetate,  in  which  two  N^groups  are  attaebed  to 
the  same  carbon  atom,  gives  figures  which  are  rather  above  the 
average.  The  mean  valne  of  the  increment  in  the  refraction  for  the 
first  seven  compounds  in  the  table  is  8'9I ;  the  mean  value  of  the 
increment  in  the  dispersion  is  0*36.  From  Brflhl's  researches,  it 
appears  that  the  atomic  refraction  of  nitrogen  in  *NH|,  as  deduced 
from  a  study  of  the  hydrazines,  hydroxylamine,  ammonia,  and 
aliphatic  amines,  is  2*48,  and  the  atomic  dispersion  0*08.  The  optical 
effect  therefore  of  the  Ng-group,  whethei-  considered  in  reference  to 
refraction  or  dispersion,  is  more  than  three  times  that  of  the  ^ngle 
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nitrogen  atom  in  its  simplest  linkings.  On  the  other  hand,  the  value 
just  deduced  for  the  refraction  of  the  Ng-group  is  not  much  greater 
than  that  found  for  the  two  nitrogen  atoms  in  diaxoaoetic  ester ; 
aocQgding  to  Briihl,  the  value  of  [M.R.],^  for  this  substance  is  28*7 1» 
whenoe  the  iuerement  due  to  the  N^-group  is  8*43.  The  dispersion 
due  to  the  two  nitrq^en  atoms  in  diaaoaoetie  ester  is  fouud  by  Briihl 
to  be  0*909  or  more  than  twice  as  great  as  the  increment  due  to  the 
three  nitrogen  atoms  in  the  triaso-groap. 

Attention  has  frequently  been  directed  (see»  for  example,  Curtiusy 
Ar.,  1896,  29,  772)  to  the  fact  that  a  compound  containing  the 
•Ns'group  exhibits  a  marled  similaribj  to  the  corresponding  compound 
ia  which  a  halogen  atom  takes  the  place  of  this  group.  This  parallelism 
is  further  emphasised  by  the  values  of  the  optiotl  constants.  The 
refraction  increment  due  to  the  Ng-group  is,  as  already  stated,  8*9 1 ;  the 
atomic  refraction  of  bromine  is  8'93.  The  dispersion  increment  due  to 
the  Nj-group  is  0*36  ;  the  atomic  dispersion  of  bromine  is  0  35.  This 
almost  complete  coincidence  between  the  optical  influence  of  the  triazo' 
group  and  the  bromine  atom  finds  its  first  expression  in  the  fact  that 
the  molecular  refraction  and  dispersion  of  the  triazo-cooi pounds  are 
practically  the  same  as  those  of  the  corresponding  bromine  compounds. 
Thus,  for  example,  the  value  of  [M,R.]„  for  bistriazoethane  is  27*18,  and 
for  ethylene  dibromide,  26  99,  whilst  the  molecular  dispersions  of  the 
two  substances  are  respectively  ()'94  and  0*95.  Again,  the  molecular 
refraction  of  ethyl  a  triazopropionate  is  34'dO,  whilst  that  of  ethyl 
a-bromapropionate  is  34 '70. 

Tn  discussing  the  conclusions  to  be  deduced  from  the  data  in 
table  If,  the  abnormally  high  figures  obtained  for  the  refraction  of 
ethyl  triasoformate,  pheuylasoimidOi  and  a-naphtbylasoimide  have  not 
yet  been  considered .  There  appears  to  exist  in  these  cases  some  special 
influence  which  raises  the  refraction  increment  for  the  Ng-group 
oonsiderably  above  the  normal  value.  This  is  best  seen  by  comparing 
8*85,  the  contribution  due  to  the  triaao*group  in  bensylasoimide,  with 
10*23,  the  mean  value  of  the  increment  due  to  the  same  group  in 
phonylaioimide.  Such  a  different  influence  of  the  bensyl  and  phenyl 
groups  on  the  refraction  of  an  associated  group  has  frequently  been 
observed  by  earlier  workers.  Thus,  for  example,  the  refraction 
increment  due  to  the  *NHf-gronp  is  4*41  in  benzylamine,  and  5*50  in 
ftnilinei  the  refraction  increment  due  to  the  *ON-group  is  5*22  in 
phenylacetonitrile^  and  6*53  in  benaonitrile. 

Not  only  Is  the  refraction  incremeot  due  to  the  N^-group  in  ethyl 
tfiAaoformate  and  phenyl-  and  a-naphthyl-azoimides  abnormally  high, 
but  so  also  is  the  dispersion  increment.    So  far  as  ethyl  triazoformate 
concerned,  this  will  be  obvious  iiom  table  II,  but,  since  7iy  couki  not 
be  determined  in  the  cat>e  of  phenyl-  and  a-naphthyl-azoimides,  it  was 
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not  possible  to  tefi  the  dispersive  power  of  theee  solMftuieeB  in  tbe 

same  way.    The  refractive  indices,  however,  for  the  Ha  and  D  liaea 

were  ascei  Laiued,  and  the  values  of  [  M.R,  ]d  and  [M.R.]d  --  [M.R,]«  have 
been  worked  out  for  these  azoimides  and  the  correspondiug  bromine 
Gompounds. 

Tabub  III. 

Sabfttanoe.  [M.R.]»  [M.R.]i,-[M.R.]ii» 

Phenylftzoimido   85  29  0'34 

Bromobenzene    33'83  0*26 

apVaphthylazoimide   63*95  0*66 

^Bromonaphthrifne    61 0*64 

These  figures  show  very  clearly  that  the  refractive  and  dispersive 
powers  of  the  triazo-compound,  instead  of  being,  as  one  might  expect, 
equal  to  those  of  the  corresponding  bromine  compound,  are  Tery  much 
higher. 

The  experimental  data  which  have  been  submitted  make  it  evident 
that  the  optical  influence  of  the  Nj-group  is  intensified  in  ethyl 
triazoformate,  phenylazoiraido,  and  a-naphthylazoimide,  compared 
with  the  other  substances  containing  this  group  and  enumerated  in 
tables  I  and  II.  The  question  then  arises  whether  any  intelligible 
explanation  can  be  given  of  such  a  difference  in  behaviour. 

In  this  oonnexion,  it  is  noteworthy  that  the  phenomenon  of  a  given 
groap  possessing  an  intensified  optical  influence  in  certain  positions 
has  been  successfully  referred  to  the  contiguity  of  unsatorated  groups. 
Brfihl  espedaUy  has  shown  (Trans.,  1907,  91,  115;  Ber,,  1907,  40, 
878, 1103)  that  the  presence  in  a  molecule  of  the  grouping  CCC*0!C 
or  010*0.0  invariably  produces  a  marked  increase  of  both  refractive 
and  dispersive  power  (compare  also  Perkin  and  Say,  Trans.,  1906, 
89,889;  SirW.  H.  Perkin,  Trans.,  1907,  91,  806;  Smedl^,  this 
vol,  372).  It  is  interestiQg  therefote  to  find  that  in  each  of  the* 
triaMMSompounds  which  exhibit  exoeptional  optical  behaviour,  thm 
Kj-group  is  adjacent  to  a  doubly-linked  carbon  atom.  In  the  case  of 
ethyl  triasofomukte^  this  adjacent  carbon  atom  is  doubly  linked  to 
oxygen  ;  in  the  cases  of  phenyl-  and  a-naphthyl-azoimides,  the  carbon 
atom  which  is  linked  to  the  Nj-group  is  also  doubly  linked  to  one  of 
the  adjacent  carbon  atoms  in  the  ring.  Fi*om  this  point  of  view,  ethyl 

triazoformate,  ^  .^.qq^  *  ^7  ^  compared  with  ethyl  crotonate, 
n  XT  'riTT  H  rkn^if     moleoolsr  refraction  and  dispersion  of  which  are 

C  2  U  ^ .  L>  U  *    •  U  Hi  t 

eauseptionally  high,  whilst  the  effect  of  the  conttgnous  ethylene  linking 
on  the  optical  influence  of  the  N^-group  in  phenyl-  and  a-naphthyl- 
azoimides  is  similar  in  kind  to  the  effect  of  such  a  linking  on  Uiw 
optical  influence  of  the  NH^-group  in  o-tolnidine* 


Digitized  by  Google 


DISPERSION  OF  TRIAZO-COMPOUNDS. 


923 


Optically,  therefore,  the  Ng-group  bohavw  as  aD  unsaturated 
oomplex.  On  analogy  with  the  ethenoid  groop,  one  might  be  tempted 
to  ooDclude  that  the  partiealar  nitrogen  atom  in  the  triazo-group 
which  18  linked  to  carbon  most  be  doubly  linked  to  one  or  both  of  the 
other  nitrogen  atoms.  Such  a  conclusion,  however^  is  hardly  warranted) 
for  Briihl  has  shown  that  the  optical  inAaenoe  of  the  KH,  and  OH 
grottpBy  in  which  there  are  no  double  Unkings,  is  Intensified  in  conjuga- 
tion with  the  ethenoid  gronp.  The  amino-  and  hydrozyl  groupe  each 
contain  an  element  the  valencies  of  which  are  not  all  satisfied,  and 
th^  nay  therefore  be  regarded  as  complexes  with  residual  affinity. 
Since  the  Ng-group  is  built  up  out  of  one  of  these  elements,  it  is  not 
surprising  that,  so  far  as  the  optical  evidence  goes,  it  also  should  behave 
as  a  complex  with  residual  affinity. 

On  the  interesting  question  how  the  liokings  of  the  thrte  nitrogen 
atoms  in  the  triazo-group  should  be  represented,  one  fact  at  least 
brought  out  by  this  investigation  throws  some  light.  The  complex 
Kg  may  be  repre^uted  iu  various  ways,  namely  : 

•N<n         .N<i         -N^ii  -NINJN 
N  N 

I.  II.  Hi.  IV. 

The  first  of  these  representations  is  the  one  which  is  generally 
employed  by  those  who  have  occasion  to  deal  with  the  K^-complex, 
although  it  does  not  appear  that  there  is  any  definite  evidence  In  favour 
of  formulation  I  a^  against  the  others.  Some  years  ago  (Proc.,  1893, 
9,  57),  Armstrong  argued  against  the  custom  of  representing  phenyl- 

N 

asoimide  as  C0Hg*If^||,  suggesting  that  it  might  be  regarded  as  a 

dinitrile,        ^  assumption  of  the  existence  of  latent 

affinities.  The  possibility  of  the  formulation  IV  has  recently  been 
entertained  by  Forster  and  Fierz  (this  vol.,  75),  and  compounds 
have  been  prepared  by  Dimroth  (B$r,,  1907,  40,  2376)  which  seem 
to  show  that  the  ring,  if  it  exists,  may  be  opened  without  difficulty. 
Thus  the  reduction  of  phenylazoimide  leads  readily  to  the  formation 
of  phenyltriazen,  which,  according  to  Dimroth's  investigations,  exists 
in  two  chemically  isomeric  forms ;  for  these  isomerides,  the  following 

formulsB  are  suggested  :  C^H^-NIN-NH,  and  C^H^-N<^^. 

The  one  fact  brought  out  by  this  investigation  which  seems  to 
have  a  bearing  on  the  question  is  the  relative  optical  infiuence  of  the 
diaso-  and  triazo-groups.  It  has  already  been  pointed  out  that,  whilst 
the  refraction  value  for  the  N,-group  is  normally  8*91,  the  refraction 
value  of  the  N^-group  in  ethyl  diaaoacetate  is  very  little  less,  namely, 
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8'43,  and,  further,  that  the  dispersion  increment  due  to  the  two 
nitrogen  atoms  in  ethyl  diazoacetate  is  more  than  twice  as  great  as 
the  dispersion  increment  due  to  the  three  nitrogen  atoms  in  ethyl 
triazoacetate  and  similar  compounds.  This  is  very  striking,  and 
lends  eupport  to  the  view  that  formulation  I  is  to  be  preferred  for 
the  tria7o-group,  for  it  is  the  common  experience  of  workers  in 
thie  field  that  the  acoumnlation  of  multiple  Unkings  markedly  raises 
tlis  refraction  and  dispersion  values,  and  the  evidenoe  just  quoted 
shows  that  the  optical  inOuenoe  of  the  triazo-group  is  relatively  low. 
Consideration  of  the  widmB,  in  fact,  shows  that  formnlatums  lit  1U| 
and  IV  for  the  trtsso-groap  are  nnUkely,  and  that  the  arrangement 

is  the  moat  probable. 

II  this  view  is  adopted,  it  is  diflknlt  to  aoconnt  for  the  relati?elj 
mneh  higher  refraetiye  and  dispersive  power  of  the  diaao-group  in 
ethyl  dtazoaeetate  on  the  basis  of  the  ordinarily  acoepted  formula ; 

||>-0H*CO,£t.    The  optical  evidence  taken  alone  wonld  seem  to 

snggeHt  that  one  or  both  of  the  nitrogen  atoms  in  ethyl  diazoacetate 
are  quinquevalent,  as  in  the  formula  NiNICH'CO^Kt  or 

5.>CH'C0j,Et. 

It  is,  indeed,  enstomary  to  introduce  quinquevalent  nitrogen  only  in 
the  formulation  of  compounds  of  the  ammonium  chloride  type,  but, 
in  view  of  the  optical  evidence,  the  two  foregoing  formulie  cannot 

HN 

he  ignored.   The  expression    ^^O'CO^lSt  for  ethyl  diasoaoetats^ 

although  perhaps  accounting  for  the  optical  exaltation  by  a  Thiele 
coujut^ation ,  would  involve  a  different  type  of  structure  for  the  higher 
members  of  the  series,  and,  in  absence  of  information  relating  to  the 
optical  properties  of  these,  such  an  assumption  would  not  be  justified. 
Whatever  be  the  explanation,  the  fact  remains  that  the  optical 
influence  of  the  triaio-gronp  is  relatively  lower  than  that  of  the 
diazo  group  in  similar  compounds. 

Briihl's  discussion  of  the  reLitive  influence  of  the  diaao-  and  triaio- 
groQps(ir0t««cA.  phynhal^Chmn.^  1898,  25,  597)  is  not  oonvincing,  shioe 
he  compared  the  diaao-gronp  in  ethyl  diaaoaeetate  with  the  triaao-gronp 
in  phenylasoimide ;  as  has  been  shown  in  this  paper,  the  latter 
compound  exhibits  an  optical  exaltation  hj  rsason  of  which  soch  a 
comparison  cannot  he  considered  legitimate.  In  fsefe,  Brilhl  himself 
admits  that  the  optical  constants  of  that  nitrogen  atom  in  phenyl- 
asoimide which  is  next  the  benaene  ring  are  possibly  higher  than  the 
normal  values. 
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It  hfts  noi  been  possible  to  exuiiine  triason  derivatives  in  whioli 
tlie  nitrogen  atoms  are  nndoabtedlj  arranged  in  an  open  ehain. 
When  this  oan  be  done,  farther  interssting  infonnation  as  to  the 
•peotroohemistry  of  nitrogen,  and  poesiUjas  to  the  retotion  of  th^ 
nitrogen  atoms  in  the  triaso-gronp,  will  be  available, 

BOTAL  COLLEGR  OF  SciEUCE, 
(lOMDON,  S.W. 


LXKXVI. — 2%e  DiasodaUm  Constants  of  Triaatoaoeiio 

and  m-Triazopi^opionic  Acids, 

By  JmiB  Ghables  Philip. 

It  has  been  generally  recognised  that  the  behaviour  of  azoimido  is  in 
many  respects  similar  to  that  of  the  hydrogen  hfilide?.  The  similarity, 
however,  does  not  extend  to  all  their  properties,  for,  whilst  hydroc^en 
chloride,  hydrogen  bromide,  and  hydrogen  iodide  in  aqiieous  solution 
are  among  the  strongest  acids  known,  azoimide  is  only  feebly  acidic, 
approximately  equal  in  strength  to  acetic  acid  (Curtius  and  Raden> 
hausen,  J,pr,  Ch«m.,  1891,  [ii],  43,  207 ;  West,  Trans.,  1900,  77,  705). 
Since  the  preparation  of  triazoacetic  and  a-triazopropionie  acida  by 
Forster  and  Fierz  (this  vol.,  pp.  72  and  669),  a  little  more  material  is 
available  for  the  study  of  the  way  in  which  the  strength  of  an  acid  is 
affeotod  by  the  substitation  of  the  triaso-group  for  a  halogen  atom. 
The  dissociation  oonstanto  of  triaaoaoetio  and  a-triasopropionic  acids 
have  therefore  been  detern^ined,  specimens  of  the  two  eompoonds 
being  very  kindly  supplied  bj  Dr.  Forster. 

The  eondnetivitj  of  varions  solutions  of  the  acids  and  of  their 
sodium  salts  was  determined  at  36^  by  the  nsnal  Kohlransch  method. 
The  pure  redistilled  water  employed  in  making  up  and  diluting  the 
sotutioas  had  a  speciiSo  ooaductivity  of  2  x  10"^  at  26^.  A  oorrvction 
•  was  made  for  this  in  the  case  of  the  sodium  salt  solutions  only.  These 
last  were  prepared  by  exactly  neutralising  a  known  quantity  of 
standard  sodium  hydroxide  with  the  acid  under  examination. 

The  equivalent  conductivitiee  of  the  sodium  salts  at  infinite  dilution 
were  found  by  extrapolation  from  the  observed  values  in  the  way 
suggested  by  Bredig  (ZtiUdk.  physihai,  Oktm^  1894,  13,  191).  For 
sodium  triasoocetate,  =91,  the  same  as  the  corresponding  figure 
for  sodium  monobromoacetate;  for  sodium  a-triazopropionate,  A^jo  =87, 
which  is  also  the  value  for  sodium  a-bromopropionate.  If  the  ionic 
conductivity  of  hydrogen  at  25°  is  taken  as  350,  and  that  of  sodium 
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as  51,  the  TAloes  of  Aqq  at  this  temperature  for  tmsoAeetic  and 
a-triasopropionic  acids  are  respectively  390  and  386. 

The  results  obtained  for  the  oonductivitj  of  the  acids  are  recorded 
in  the  following  tablee. 

Triazoactiic  Acid, 


Molf. 

1  •  * 

K 

a=  _, 

per  litre. 

(i-a)r 

0-0698 

43-7 

0-112 

0  00099 

0  0349 

50-5 

0168 

0*00096 

0-01745 

801 

0-205 

0  00003 

0-00698 

1171 

o-;too 

0-00090 

0  00a49 

161-6 

0  389 

0  00086 

a-Tria»9pTopiomo  Acid, 

Holt. 

as  * 

per  litre. 

A. 

0-0614 

43-4 

0-11-2 

0*00088 

0  0307 

69-9 

0  155 

0-00088 

0  01636 

81-2 

0  210 

0  00086 

0*00614 

110-0 

O'SIO 

0-00086 

0  00807 

1S5-6 

0-408 

0  00084 

The  values  of  the  expression   ^  instead  of  being  independent 

(I  -a)r 

of  the  dilution  as  might  be  expected,  show  a  distinct  decrease  in  the 

case  of  triazoacetic  acid  and  a  slight  decrease  in  the  case  of  a-triazo- 
propionic  acid.  Tiie  cause  of  thiii  is  probably  a  slight  trace  of  sulphuric 
acid  in  the  specimens  of  the  acids.    The  apparatus  and  method  of 
work  were  tested  by  determining  the  conductivity  of  potassium  chloride 
solutions;  values  were  obtained  in  close  agreement  at  all  dilutions 
with  the  figures  recorded  by  Ostwald,  Bredig,  and  Walden,  so  that  the 
diminution  in  the  value  of  A''  for  triazoacetic  and  a-triazopropionic  acids 
cannot  be  attributed  to  errors  in  the  determination  of  the  cauducti\dty. 
Tt  was  thought  that  it  might  be  due  to  some  slight  docori] position  pro- 
moted by  the  finely-divided  platinum  on  the  electrodes,  but  this 
explanation  was  discounted  by  the  observation  that  the  resistance  of  a 
solution  of  triazoacetic  acid  did  not  change  during  several  hours'  con- 
tact with  the  platinised  platinum  electrodes  of  the  conductivity  celL 
It  appears  therefore  most  probable  that  the  specimens  of  the  acids 
which  were  used  contained  a  slight  trace  of  sulphuric  acid,  which 
wonld  be  sufficient  to  account  for  the  diminution  in  the  value  of  AT 
with  dilutioo.   Sulphuric  acid  was  used  in  the  preparation  of  the  speei- 
mens,  and,  as  it  was  not  possible  to  purify  the  acida  by  distillation  or 
oryatallisation  (see  Forster  and  Fiers,  loc  eU»),  the  preseooe  of  such  mo. 
impurity  is  not  improbable. 
In  spite  of  the  fs4  tliat  the  value  of  E  deereawB  on  dtlution,  it  will 
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be  sufficient  for  the  purpose  of  this  investigiiiioii  to  take  for  the  dis- 
Bociation  constant  the  mean  of  the  figures  given  in  the  foregoing 
tables.  Hence,  for  triazoacetic  acid,  lOOiT— 0*093 ;  tov  cftriazopro- 
pionic  acid,  100A'=:0'086.  It  is  instructive  to  compare  with  these 
the  Tftlaes  of  lOOiC  for  the  oorresponding  halogen  derivatiTes  of  aoetie 
and  propionic  acids : 

100  K. 

MonochloroaL-etic  acid   0'165 

Monobrouioacetic  acid   0*138 

MonoiodcMicetic  acid    0  075 

a-Bn>iDopn>iii''nic  toid    0*108 

From  these  fignres,  it  will  be  seen  that  the  introduction  of  a  triaxo- 
grou]^  into  the  mdeevle  of  acetic  add  has  an  effect  on  the  strength  of 
the  acid  which  is  rather  less  than  that  dae  to  a  bromine  atom  atfd 
rather  greater  than  that  dae  to  an  iodine  atom.  This  result  is  farther 
evidence  of  similarity  in  the  functions  of  the  triaso-group  and  a  halogen 
atom. 

KoYAL  College  of  Scisncb, 
London,  S.W. 


LXXXVII. — ITie  Spontaneous  Crystallisation  of  Suh- 

stances  tvhich  fomi  a  Contiauous  Series  of  Mixed 
Crystals.  Mixtures  of  Naphthalene  and  fi-Naphthol, 

By  Hbsbt  a.  Mi^bs,  F.K.S.,  and  Flobbmcb  Isaac. 

Our  study  of  spontaneous  crystallisation  has,  np  to  the  present,  been 
confined  to  mixtures  in  which  the  components  crystallise  out  iu  the 
pure  state  alone,  such  as  mixtures  of  salol  and  betol,  aqueous  solutions 
of  sodium  nitrate,  sodium  chlorate,  etc.,  and  mixtures  of  sodium 
nitrate  and  lead  nitrate  in  water. 

The  present  investigation  deals  with  the  spontaneous  crystallisation 
of  mixtures  of  naphthalene  and  ^naphthol,  which  are  said  to  f<Mnn  a 
continuous  series  of  mixed  crystals,  and  also  with  the  freesing-  and 
melting-point  curves  for  these  mixtures. 

Mixed  crystals  of  naphthalene  and  /8-naphthol  have  been  investi- 
gated  by  van  Bijlort  {ZtiUch,  phytikal.  (7Asm.,  1891, 8, 862),  Orompton 
and  Whiteley  (Trans.,  1895, 67, 333),  Kttster  (leUukj^^ha.  Chtm,, 
1896,  17,  360),  and  Brnni  (Brnd,  Aeead.  Lineei,  1898,  2,  138).  The 
addition  of  naphthalene  to  /8-naphthol  depresses  the  freesing  point, 
and  it  was  found  by  Kiister  that  the  depression  is  proportions!  to  the 
amonnt  of  naphthalene  added,  so  that  the  freeslng-point  carve  was 
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■liated  by  him  to  be  a  Btraight  line  joining  ihe  melting  points  of  the 
two  oomponents.  He  admitted  that  ibis  was  directly  of^sed  to  the 
experimental  result  of  van  Bijiert,  who  Came  to  the  oonclnsioD  thai 
**  in  a  8olotioQ  of  yS^oaphthol  in  molten  naphthalene,  a  solid  polation 
separates  which'  is  oonsiderably  richer  in  /3-naphthol  than  is  the 
remaining  mother  liqnor.'* 

Since  Kiistet^s  conclusions  are  directly  opposed  to  the  generally 
accepted  theoretical  considerations,  ezperimento  were  made  by  Brant 
in  which  the  freeiing  points  of  the  erystols  and  of  the  liquid  from 
which  they  have  separated  were  determined  independently ;  he  con* 
eluded  that  the  crystals  always  possessed  a  freeiing  point  somewhat 
above  that  of  the  original  solution  and  were  richer  in  jS-naphthel, 
whilst  the  remaining  liquid  possessed  a  lower  freestng  point  and  was 
poorer  in  ^-naphthol. 

I9le  Crff9tah  ^  NaphMkM^  fi-Naphihol,  mid  ikmr  Mtael/wnB, 

The  crystalline  form  of  naphthalene  has  been  described  by  Groth 
{Phyaikalische  Kri/stallographie,  1905,  p.  380)  and  by  Negri  (GazzettOf 
1893,  23,  ii,  375). 

The  crystalline  form  of  /3-naphtliol  has  also  been  described  by 
Groth  (Annalen,  1865,  152,  285)  and  by  Liweh  (ZeiUch,  Kry$L  Min,^ 
1886,  11,  249). 

No  further  goniometric  measurements  were  therefore  made  hy  u8, 
but  naplithalene,  ^-naphthol,  and  their  mixtures  were  examined 
under  the  microscope  with  a  view  to  their  identification  in  minute 
crystals.  The  microscope  was  fitted  with  fk  heating  stage  by  means  of 
which  the  crystals  could  be  melted  by  a  small  gas  flame  placed  under 
the  stage  or  could  be  allowed  to  grow  by  sudden  cooling.  The  cooling 
was  effected  by  means  of  an  arrangement  of  two  tnbse  through  which 
a  enrrent  of  cool  air  could  be  forced  on  to  the  surface  of  the  mton^ 
scope  slide  or  cover  glass. 

NapkAaUm, — A.  drop  of  a  solution  of  naphthalene  in  alcohol,  placed 
on  a  mioroacope  slide  under  a  cover  glass  and  allowed  to  evaponUe 
slowly,  gives  plates  of  naphthalene  of  rhombic  outline,  having  an 
approximate  angle  of  Tl^O*  and  diagonal  eztinotion.  The  angle 
of  the  rhomb  calculated  from  the  measurements  of  Qroth  and  Negri 
is  71^16'.  The  interference  figure  shows  one  optic  axis  lying  in  the 
plane  of  the  longer  diagonal  of  the  rhomb  and  visible  on  the  edge  of 
the  field,  and  the  birefringence  about  the  normal  to  the  plate  is 
positive.  The  angle  between  the  direction  of  emergence  of  the  optic 
axis  and  the  normal  to  the  crystal  plate  is  42^30'  approximately, 
as  measured  by  means  of  a  micrometer  eyepiece.  All  the  rhombs 
which  appear  correspond  precisely  with  the  above  despripUon,  except 
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that  in  a  few  cases  the  acute  angle  of  the  rhomb  is  truncated  by  a 
■maU  face  eqoftUy  ioolined  to  the  twoedgM,  thus  giving  it  *  hexagonal 

appearance. 

Naphthalene  allowed  to  oiyetaUue  from  other  solvents  in  the  same 
manner  under  a  cover  glass  on  a  microscope  slide,  or  from  the  pure 
fused  substance,  yields  crystals  identical  in  all  respects  with  the  above. 

fi-Ndphikoi, — Examined  under  the  microscope  on  the  heating  stage 
described  above.  /8-naphthol  crystallised  from  a  solution  in  water 
in  rhombs  having  an  approximate  angle  of  71^  and  diagonal  extinction. 
The  angle  of  the  rhomb  calculated  from  previous  measurements  is 
7V^n  The  interference  figure  showed  one  optic  axis  on  the  edge 
of  the  field,  and  the  birefringence  about  the  normal  is  positive.  The 
angle  between  the  direction  of  emergence  of  the  optic  axis  and  the 
normal  to  the  crystal  plate  is  again  approximately  iS^SO*.  Therefore 
by  mere  examination  under  the  microscope,  it  Is  impossible  to 
distinguish  a  rhomb  of  naphthalene  from  one  of  jS-naphthol. 

jS-Naphthol^wae  also  examined  while  crystallising  from  fusion  under 
a  cover  glass.  The  interference  figure  was  always  the  same  as  that 
described  above,  but  the  crystals  spread  out  so  rapidly  in  a  thin  sheet, 
in  spite  of  the  gas  flame  under  the  stage,  that  it  was  impossible 
to  measure  any  angles  of  the  rhombs,  their  outline  being  quite 
indistinguishable. 

Mixluret  of  NajjJuhalene  and  ^-yaphlhol. — Owing  to  the  high 
temperature  at  which  the  mixed  crystals  of  naphthalene  and  )3-naphthol 
form,  namely,  between  79  5°  and  121°  for  the  various  mixtures,  it  has 
not  been  found  possible  to  isolate  them  for  the  measurement  of  their 
angles  on  the  goniometer.  The  mixed  crystals  from  the  fujsed 
mixtures  are  alwa^'s  very  thin  plates  or  needles,  which  break  up  and 
become  opaque  as  soon  as  they  are  touched. 

The  fused  mixtures  have,  however,  been  examinMl  by  the 
microscope  as  they  solidified  under  a  cover  glass.  Like  the  crystals  of 
^.naphthol,  the  mixed  crystals  alwayB  spread  out  so  rapidly  under  the  ^ 
cover  glass  that  they  showed  no  distinguishable  outlioe.  Their 
interference  figlires,  however,  could  be  determined.  Three  mixtures 
were  examined,  namely,  naphthalene  80  per  cent.,  and  ^-oaphthol 
SO  per  cent. ;  naphthalene  60  per  cent.,  and  /?-naphthol  50  per  cent., 
and  naphthalene  30  per  cent,  and  /8-naphthol  70  per  cent.  These  all 
gave  predsely  the  same  interference  figure,  having  one  optie  axii 
visible  on  the  edge  of  the  field  and  positive  birefringence ;  thus  com* 
pletely  resembling  the  pure  constituents.  Further,  the  angle  between 
the  direetloa  of  emergence  of  the  optic  axis  and  the  normal  to  the 
plate  is  always  approximately  42^0'. 

Thus,  under  the  microscope,  it  is  impossible  to  distinguish 
between  naphthalene,  ^-naphthol,  and  the  various  mixed  crystals. 
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This  i&  unfortunate,  because  one  of  the  chief  objects  of  the  prestnt 
investigation  was  to  asoertain  the  oompodiion  of  the  mixed  crystals 
which  separate  spontaneously  from  a  given  solution,  and  it  was  hoped 
that  this  might  be  done  by  the  exact  detennination  of  their  optml 
characters. 

i%a  Cwrte  of  Spcnkatmnu  CtffilaUiBaUon. — lo  the  experimente  on 
the  temperatare  of  epontaneoas  crystallifiation  of  naphthalene, 
j8-naphtho1y  and  their  mixtarcB^  the  method  adopted  was  one  that  had 
been  used  in  the  previons  experiments  on  spontaneoos  crystallisatloB. 

The  mixture  wa«  placed  in  a  tube  of  Jena  glass,  which  also 
contained  some  angular  fragments  of  glass,  and  the  tube  was  sealed. 
It  was  then  heated  in  boiling  water,  hot  brine,  or  olive  oil,  and  the 
tube  shaken  thoroughly  until  all  the  crystals  had  completely  melted. 
The  tube  was  then  allowed  to  cool  gradually  in  a  large  beeker 
containing  either  water,  brine»  or  olive  oil,  and  was  shaken  continually 
by  hand.  The  liquid  in  the  beaker  was  kept  continually  stirred  by  a 
small  revolving  platinum  vane  driven  by  an  electric  motor,  and  two 
thermometers,  one  at  the  top  and  the  other  at  the  bottom  of  the 
beakur,  showed  tho  temperature  of  the  liquid  to  be  uniform  througliout. 
When  the  temperaturo  had  fallen  to  a  certain  point,  crybtals  made 
their  appearance  suddeuly  in  the  sealed  glass  tube,  this  temperature 
depending  on  the  constitution  of  the  mixture  in  the  tube.  The 
crystals  which  first  appear  in  the  tubes  are  thin,  rhombic  plates,  which 
reflect  light  in  bright  colours,  long  crystal  needles  next  appear  and 
grow  rapidly  through  the  tube,  and  finally  the  whole  mass  solidifies 
and  becomes  opaque. 

On  page  931  are  given  the  results  of  these  experiments,  each  of 
which  was  repeated  several  times. 

These  results  plotted  on  a  concentration-temperature  diagram  give 
the  8aper(K>lubility  curve  or  curve  of  spontaneous  crystallisation  for 
all  possible  mixtures  of  naphthalene  and  fi-n  phthol.  It  will  be  seen 
from  the  diagram  that  this  curve  is  very  nearly  a  straight  line 
joining  the  temperatures  of  spontaneous  crystallisation  of  the  pure 
components,  namely,  77^  for  pure  naphthalene  and  117*5^  for  pure 
/3-naphthol. 

The  method  of  tracing  tho  supersolability  curve  or  curve  of 
spontaneous  crystalUsation  by  means  of  the  change  in  the  index  of 
refraction,  which  has  been  used  in  all  our  previous  work  on  qion- 
taneous  crystallisation,  was  not  applisd  in  these  experiments,  for  the 
high  temperatures  involved  render  the  method  inconvenient ;  further 
diflBculties  are  introduced  hy  the  fact  that  both  naphthalene  and 
^-naphthol  sublime  very  readily,  and  it  is  therrfore  almost  impossible 
to  prevent  inoculation  in  an  open  vessel,  such  as  the  trough  of  the 
goniometer. 
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Percentage  constitution  of 


mixture  in  tube. 

.  *         '  > 

aphth«lMi«.  iB*NaplitIioL 
100  0 

Method  of  heating 
to  diMolfO  crystals. 
In  boiling  water  for  10  mins., 
lo  iiiiua. ,  uuu  ivir  £  uouni 

Temperature 
of  tpontaneonB 
Cl78tallL«atlon. 
77' 

90  006 

9-935 

In  boiling  water  for  varioiie 

Jcllgllla  Cil  biino 

80-5 

80*08 

19*92 

In  bniliiiff  wat^T  for  half  an 
iiuiir  st^v  eriit  iiiiica 

84 

70-006 

29*934 

Heated  to  101°  in  brine  for 
\aiiuiL3  iciigtna  oi  iiuio 

89-1 

60-88 

39-02 

Heated  in  brine  to  101"  for 

92*75 

BOSS? 

Heated  f*>r  15  mine,  in  oUve 

oil  tn  1 1  n  1 1  'k* 

96  5 

40*816 

59*385 

Heated  for  15  mine,  in  oUre 

oil  tn  l*y»n* 

101 

81*877 

68123 

lliailll   lUI   lif  imUPp  111  VIITO 

oil  to  r20' 

20  03 

79*97 

Heated  in  olive  oil  for  15 
mins.  to  120' 

108-8 

9*227 

90*773 

Heated  in  olive  oil 

113 

0 

100 

Heated  in  olire  oil 

117-5 

Tki  Fr$$»M^  and  MMnig-Pwni  Curvet  fur  Mixiurea  of  IfapkMefM 

and  P-yaphihoi, 

Since  naphthalene  and  /?-naphthol  are  miscible  with  one  another  in 
all  proportions,  the  solid  solution  and  the  liquid  solution,  which  are  in 
fquilibrium  with  each  other,  have  to  be  distinguished  ;  the  concentra- 
tion of  the  components  in  the  two  being  in  general  different.  It 
ahould  therefore  be  possible  to  determine  for  mixtures  of  naphthalene 
and  jS  naphthol  (1)  the  freezing-point  curve,  giving  the  temperatures  at 
which  solid  begins  to  be  deposited  from  the  liquid  solution  ;  and  (2) 
the  melting-point  curve,  giving  the  temperatures  at  which  solid 
solutions  jttfit  begin  to  liquefy. 

Since  naphthalene  and  /?  naphthol  form  a  continuous  series  of  mixed 
evystals,  these  curves  will  also  be  continuous,  and  both  the  freezing 
points  of  different  liquid  solutions  and  the  melting  points  of  different 
■olid  sdntions  will  lie  between  the  melting  points  of  the  pore 
oompommts. 

(1)  Tk$  Fnmng-Pitmt  OWml— In  the  experiments  on  the  freedng* 
point  earn  for  theee  miztores,  the -same  sealed  tabes  containing 
uiztoreB  of  Tarioos  oonstitntions  were  need  as  in  the  preeeding 
•zpfriments  on  spontaneous  crystallisation. 
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E(M)h  tube  was  heated  in  an  oiMMth  until  ftll  tin  ceyMk  bed  com- 
pletely melted.  It  was  then  held  outeide  the  bath  for  a  few  flooondt 
until  ft  few  cryatftl  needlee  juet  began  to  grow  at  the  bottom  or  top  of 
the  tube.  The  tube  was  then  immediately  re-immened  and  ahaken  by 
hand  in  the  oil-bath,  the  temperature  of  which  was  then  allowed  to 
fall  very  slowly,  ftnd  the  few  email  crystal  needles  were  watehed  care- 
fully. Above  a  certain  temperature,  the  crystals  always  dimolTed 
completely,  and  the  entire  experiment  was  repeated  several  times,  the 
temperature  of  the  oil-bath  being  lowered  one  or  two  degrees  between 
Oich  experiment.  When,  however,  the  oil-bath  had  reaohed  a  certain 
temperature,  on  re-immersing  the  tube  containing  a  few  crystal 
needleSi  and  allowing  the  temperature  to  continue  to  fall  very 
slowly,  at  a  certain  temperature  the  crystal  needles  were  at  laat 
seen  to  grow  slowly,  or  some  of  them  at  tirst  dissolvoJ  and  then  new 
crystals  formed  and  grow  gradually  in  the  liquid  mixture. 

This  temperaturo  is  Uikeii  to  be  very  approximately  the  freezing 
point  of  the  liquid  mixture,  hiuce  at  this  point  solid  hrst  begins  to 
separate  from  the  inoculated  liquid. 

The  experiment  was  repeated  five  or  six  times  for  each  mixture 
used,  and  the  mean  of  the  results  obtained  in  eacli  cise  was  taken  as 
the  true  freezing  point  of  the  mixture.  All  the  freezing  points  are 
thus  determined  with  a  falling  temperature.  The  results  appear 
tabulated  on  pp.  933  and  934  and  also  in  the  diagram,  which  gives  the 
freezing-point  curve  for  all  mixtures  of  naphthalene  and  ^-naphthol. 

(2)  27ie  Melting-Point  Curve. — An  approximation  to  the  melting- 
point  curve  for  mixtures  of  naphthalene  and  )8-naphthol  was  obtained 
in  a  somewhat  similar  manner.  The  same  tubes  were  used  as  in  the 
above  experiments,  and  they  were  again  immersed  in  a  hot  oil-bath. 
A  few  crystal  needles  were  avowed  to  form  in  each  tube  in  the  manner 
de>cribed  above,  the  temperature  of  the  oil-bath  was  lowered,  and  the 
cry H tain  allowed  to  grow  slowly  until  the  temperature  had  fallen 
to  within  one  degree  of  the  temperature  of  spontaneous  crystallisation 
of  the  mixture  as  given  by  the  previous  experiments. 

The  oil-bath  was  then  heated  again,  and  the  ciystals  in  the  tube 
were  watched  as  the  temperature  rose,  the  tube  being  shaken  oon- 
tinuously  as  befora  At  first  they  continue  to  grow  or  appear  to 
remain  stattouary ;  when,  however,  a  certain  temperature  is  reached, 
the  crystal  needles,  which  have  now  grown  so  as  to  constitute  a  laige 
part  of  the  mixture,  begin  to  melt,  and  their  sharp  edgee  become  quite 
rounded.  Tins  temperature  is  taken  to  be  approximately  the  melting 
point  of  the  solid  having  the  constitution  of  the  original  mixtorsi 
The  experiment  was  repeated  several  times  for  each  mixture,  and  the 
mean  temperature  obtained  in  each  case  was  taken  as  the  melting 
point  of  that  mixture.   The  temperature  thus  obtained  must  in  nalit^ 
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be  a  Ultl«  too  bigh,  80  that  the  true  melttng-pomt  curve  shoald 
donbiless  be  aepemted  father  more  widely  from  the  freenng-point 
eorve  than  it  is  in  the  diagrem. 

A&  the  melting  points  sre  thus  determined  with  a  rising  tempersr 
tore.  These  results  also  appser  tabnUted  below  and  in  the  diagnun, 
and  together  they  give  the  melting-point  curve  for  all  miztures  of 
naphthalene  and  jS-naphthol. 

Iktoription  qf  OU-iatk-^Hha  oil-bath  used  was  a  large,  wide  glass 
beaker.  Its  sides  were  covered  with  a  Tclvet  casst  in  which  were  out 
two  small  windows  opposite  each  other  half-way  down  the  beaker,  so 
that  light  may  be  passed  through  the  beaker.  An  eleeteic  light  with 
a  ground  glass  bulb  was  placed  behind  one  of  these  windows,  and  a 
lens  was  placed  between  the  light  and  the  window  so  as  to  throw 
a  beam  of  light  on  the  tube  immersed  in  the  oil.  The  tube  was 
observed  with  a  lens  through  the  other  small  window  in  the  frunt 
of  the  beaker  in  a  darkened  room. 

The  oil-bath  was  heated  iu  the  first  place  by  means  of  a  Bunsen 
burner,  but  during  the  actual  experiments  a  small  Argand  burner 
was  placed  immediately  beneath  it.  This  small  flame  could  easily 
be  regulated  so  as  to  keep  the  bath  at  a  constant  temperature  if 
desired,  or  to  allow  the  temperature  to  rite  or  fall  very  slowly,  for 
example,  by  one  degree  in  a  quarter  of  an  hour.  The  oil  was  stirred 
throughout  the  experiments  with  a  revolving:  platinum  vane  driven  by 
an  electric  motor,  and  also  by  hand  by  agitating  the  immersed  tube. 
Thermometers  showed  that  the  temperature  of  the  bath  was  always 
uniform  throughout. 

The  readings  for  the  temperatures  of  the  melting  and  freesing 
points  were  taken  on  a  thersBometer  reading  to  a  tenth  of  a  degree. 
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Parcentage  oonoentmlion. 


Napbtbaleue.  i3-NaphthoL 
100  0 


Freezing  poiuU  Melting  ]»uiiit. 


79-5'  ISi-b'- 


80  065 


9  935 


84-5',  84  9%  88-4%  82-7%  83'6*, 

84-2%  84  ii%  82-9%  82-7'. 

84-9*.   MMB,84*e*.    Me«i,  88-04*. 


SO-08 


19-92 


88  1%  88  9*.  87-5%  87  2\ 

«8-7*,  88 -S'.  87-8'. 
llMn,  88  *66%  Mean,  87-88% 


raoes 


29*984 


92-6%  92-6%  91-6%  91'6% 

92  "5%  91*5°. 
Mean,  92 -6%  Mean,  9rB% 


60-38 


89*62 


98%  97  7^  95-7%  95-5%  96-6% 

97-7%  97%  97%  94  8%  96 '6% 

97-6%  llwii,97*6%  M«ia,96*4r. 
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TMakd  RmU$     AUm  SiepmmnU  (continued). 


PtTcentage  couoentntioii. 

^  > 

Naphthalene.   /3- Naphthol. 

49*668  50  337 


40-616 


81*877 


SO -03 


9-827 


69-886 


68  123 


(9  97 


90  778 
100 


Freezing  point. 
102°,  102-2% 
101-5°.  101 -8% 
102°,  101-4'. 
Mean.  101 -8^ 

106%  105  r.\ 
105-6%  105%  105'. 
Hmb,  106-4*. 

109%  108-5%  109% 
108-8%  109%  109-1% 
Mean,  1089% 

118%  118-8%  113% 
113-1%  113-3%  118-4% 
Mean,  113-2^ 

118%  117-8%  117 -i*'. 
Mean,  117-9% 

12r. 


HeltlDg  point 
100%  99-jr,  99-5', 
99-7%  99  5'.  99-6*. 
Mean,  99  6'. 

1031%  103-5% 
103-8%  103',  lOS-4% 
1081%  ltaHi,10$ir< 

107-3%  106-8', 
107-2%  107-4', 
107-2%  Mean.  107 -2*. 

112-4%  112  5', 
112-3%  112•5^ 
112-5%  112-5'. 
UeftD,  112-46*. 

117-2%  117  r. 

MeM,  117'2»% 
121% 


le  observationi 
LtioD  of  Kiisttf 
ihthaleDe  aod 
roiots  of  the 


The  freezing  an<l  raeltiog-poin^*W'ui;ve^^^Jl^ow»^ 
and  also  the  supersolubility  curve,  or  curW^^W  spontaneous  crjsUl- 
lisation.    The  freezin^.point  curve  is  slightly  unBkove,  and  the  melting* 
point  curve  slightly  below,  the  straight  line  whicu^^joins  the  meiUog 
points  of  the  pure  components. 

These  experiments  completely  confirm  and  extend  tl^ 
of  van  Bijlert  and  Bruniy  but  do  not  support  the  awe 
that  the  freezing-point  carve  for  mixtures  of  na 
^naphthol  is  the  straight  line  which  joins  the  melting 
two  components. 

The  diagram  shows  the  supersolabilltj  curve  to  be  sepwnt^  ^^^^ 
the  melting-point  curve  by  an  interval  of  about  3^  of  teiVP®'^^^^ 
The  metastable  area  (that  is,  the  area  in  which  crystals  will  qf^^  ^ 
spontaneously  in  a  supersaturated  solution,  but  will  only  gro 
inoculation)  for  these  mixtures  is  therefore  very  much  narrowei 
it  has  been  found  to  be  for  any  of  the  aqueous  solutions  or 
mixtures  hitherto  examined,  in  which  the  melting-point  curve  and 
supersolubility  curve  are  generally  separated  by  an  interval  of  at  leaat 
10^  of  temperature. 

It  is  interesting  to  compare  the  numbers  obtained  from  the  curveT 
which  we  have  established  with  an  observation  quoted  by  KUster  froni 
van  Bijlert's  paper,  that  a  fusion  containing  9*08  per  cent,  of^ 
/?-naphthoI  yields  crystals  containing  115  per  ceut.  of  /3-naphthol,  the 
remaining  mother  liquor  containing  S'5  per  cent. 
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Comparison  with  the  freezing-  and  melting-point  curves  given  above 
shows  that^  aoeordiog  to  our  experiments^  an  inoculated  fusion  eontain- 
ing  d  per  cent  of  jS-napbthol  would  at  first  jield  crystals  oontaining 
10*75  per  cent^  of  ^naphthol,  whilst  the  final  composition  of  the 
mother  liquor  would  be  ^S-naphthol  8*3  per  cent.,  and  naphthalene  91*7 
per  cent. 

We  may  also  compare  with  our  carves  the  observation  of  Bnini 
that  daring  solidification  a  fosion  containing  approximately  50  per  cent. 


125 
120 
115 
110 
105 


§100 
E 

H  95 


90 


85 


80 


—  



-  — 

.   

< 



l020a0       40  50G070aO 
Percentage  of  Naphthalene  In  Mixture. 


90 


100 


of  j8-naphthol  fell  more  than  '2°  in  temperature.  The  figure  shows 
that  an  inoculated  fusion  of  50  per  cent  of  naphthalene  and  50 
per  cent,  of  )3  caphthol  should  begin  to  freese  at  102*6^  and  under 
snitable  conditions  complete  solidification  woold  occur  at  09*3°,  so 
that  the  fall  of  temperature  daring  solidiftcalaon  should  be 
about  3-3°. 

Fioally,  it  may  be  remarked  that,  although  our  experiments  have 
failed  to  deterniino  for  these  mixtiaeg  the  exact  composition  of  the 
crystals  which  separate  from  a  given  solution,  they  do  suggest  tliat 

VOU  XCIII.  3  Q 
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this  is  quite  definite,  for  each  solution  crystallises  spontanoouslj  at  a 
definite  temperattire.  If  the  composition  of  the  crystals  could  vary 
in  different  experiments  upon  the  same  solution,  it  is  probable  that 
the  tempemture  of  spontaneous  crystallisation  would  VAry  al^,  and  it 
might  have  been  expected  that  this  would  happen. 

IflKXRAL  DKPABTMBKT, 

UNiymiTT  Mrsnrif,  Oziokd. 


LXXXVIII. — The  Infiuence  of  Solvents  on  the  Rotation 
of  Optically  Active  Compounds,  Part  XI  1.  Ethyl 
Tartrate  in  Aromatic  Halogen  Derivatives. 

By  Thomas  Stewaet  Patterson  and  David  Patcrson  McDonald, 

M.A.,  B.Sc. 

In  eontinnaiioii  of  this  investigation,  the  lasi  part  of  whteh  (Trans., 
1908,  93,  856)  dealt  with  the  behaviour  of  eertain  aliphatic  halogen 
derivatives,  we  have  examined  the  solvent  inBuence  of  a  number  of 
aromatic  halogen  substitution  products  on  the  rotation  of  ethyl  tartrate, 

the  procedure  being  exactly  the  same  as  formerly  described. 

The  numerical  data  are  collected  together  at  the  end  of  the  paper, 
but  the  main  points  of  interest  are  brought  out  by  the  diagram,  in 
which  are  shown  curves  repre^-enting  the  variation  of  the  specific 
rotation  of  ethyl  tartrate  with  change  of  concentration  in  the  various 
solvents  used. 

We  may  consider  first  the  curves  of  chloro-,  brorao-,  and  iodo-benzene. 
It  will  be  observed  that  they  are  of  a  similar  character  and  that,  as 
might  have  l>een  expected,  they  show  a  progressive  variation. 

Addition  of  chlorobenzene  at  20°  to  ethyl  tartrate  gradually  lowers 
the  specific  rotation  of  the  ester  from  +  7*76°  until  a  distinct  minimum 
of  +6*8°  is  reached  at,  or  near,  pai68.  With  further  dilution,  the 
specific  rotation  rises  again,  reaching  the  original  value  at  about  p^S?, 
and  contiouicg  to  rise  at  an  inereasing  rate  as  the  solution  becomes 
more  dilute,  attaining,  finally,  to  a  value  of  +  13'3°at  infinite  dilution. 

The  solvent  effect  of  hromoheDSOue  is  of  a  very  similar  chsxacter, 
but  the  initial  lowering  of  the  rotation  is  not  so  great*  A  minimum 
rotation  of  about  4-8*92^  occurs  at  practically  the  same  coiietetration 
as  in  ohlorobensene,  but  the  subsequent  rise  in  rotation  is  not  so  lapid^ 
so  that  the  two  curves  intersect  at  about  j»»30.  The  rotation  in 
bromobensene  at  infinite  dilution  would  be  +11*8?, 
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JSlhyl  tatiraU  in  hemenf,  chlorohmzenr,  hromihenzme,  iodobmzi*ne,  and  a-brtmO' 
naphthalene  at  20"  aiid  in  \i-dichlorobcnzau  at  60°. 

•i-26°i  I  I  I  I  , 


24 


CcntaUmUion  {p). 

The  oUoiolMlizeDe  curve  is  Triarkod  by  circles,  thnt  for  broniobcuzOM  bj  CiomsB, 
and  that  for  iodobeuzeue  by  couceutric  circles, 
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With  the  substitatioD  of  an  iodine  atom  in  the  molecale,  the  rota- 
tion of  the  disfloWed  ester  constantly  rises^  slowly  at  first,  and  much 
more  rapidly  in  dilute  solution,  reaching  a  final  value  at  infinite 
dilution  of  + 1 1**.  There  is  in  this  solvent  at  S(P  no  concentration  of 
minimum  rotation.* 

A  number  of  interesting  comparisons  can  be  instituted  between 
these  solvents  and  others  previously  examined.  For  this  purpose,  the 
curve  for  benzene  (Trans.,  1902,  81,  1098)  is  shown  in  the  diagram, 
and  it  will  be  observed  that  in  fairly  concentrated  solutions,  down  to 
about  p  ^  30,  the  behaviour  of  benzene  is  similar  to  that  of  its  mono- 
chloro-  and  monobromo-derivative.  Dilutiou  of  ethyl  tartrate  with 
any  of  these  three  substances  causes  initial  diminution  of  the  rotation 
of  the  ester.  A  minimum  rotation  occurs  at  practically  the  same 
concentration  in  each  case.  This  resemblance  in  behaviour  ceases, 
however,  in  more  dilute  solutions,  since  in  benzene  a  maximum  rota- 
tion is  reached  at;;  =  12,  and  in  solutions  loss  concentrated  than  this 
the  rotation  diminishes  instead  of  increasing  with  further  dilution. 

Between  the  curves  for  chloro-,  bromo-,  and  iodo-benzene  and 
those  for  the  aliphatic  halogen  derivatives  there  iSf  on  the  whole,  a 
striking  contrast.  The  latter  solvents  in  all  cases  examined  and  at 
all  concentrations  depressed  the  rotation  of  ethyl  tartrate  considerably 
below  that  of  the  homogeneous  ester,  and,  at  least  in  a  number  of 
important  instances,  this  diminution  becomes  more  rapid  with  iocreas- 
ing  dilution,  so  that  in  such  cases  the  action  of  the  two  elasses  of 
Bolventa  is  ezaetly  of  an  opposite  chareeter.  OoncentrationB  of 
minimum  rotation  occur  in  the  aliphatic  halides,  but  these  are  by  no 
means  so  pronounced  as  in  chlorobenzene  and  bromobenselie.  In  any 
case,  concentrations  of  minimum  rotation  cannot  be  regarded  as  char* 
aoteristic  of  any  jone  series  of  solvents,  as  they  appear  to  occur  in  all 
elasses,  particularly  at  low  temperatures. 

Tn  the  figure  is  also  shown  a  curve  for  pdichlorobenzene,  but  in  this 
case,  since  the  solvent  easily  crystallises  out  oven  from  solutions  con- 
taining a  considerable  propoi  Lion  of  tartrate,  the  polarimetric  observa- 
tions could  only  be  extended  down  to  a  temperature  of  about  50^. 
The  concentration  curve  shown  is  for  60^.  It  is  obvious,  of  course, 
that  the  concentration-rotation  curve  for  />-dichlorobenzeue  at  20^ 
would  lie  much  below  that  for  benzene.  A  rough  idea  of  what  its 
appearance  would  be  may  be  obtained  by  imagining  the  curve  for  60^ 
lowered  on  the  diagram  so  that  the  point  on  it  for  p=  100  coincides 
with  the  point  common  to  all  the  other  curves.  It  will  be  observed 
that  dilation  of  ethyl  tartrate  with  /i-dichlorobenaene  also  diminishes 

*  Sepamtioa  of  iodine  saemed  to  take  pkoe  aomowkat  mora  rapidly  tnm  the 
aolntiona  than  from  the  pure  solvent.  After tkaaolntloasliidatood  oremight^  th^ 
rotation  had  alwaya  diminiahed  alightly. 
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the  rotation  of  the  ebter  from  ITS**  (p  =  100)  until  a  concentration  of 
about  p  =  25  is  reached,  at  which  a  minimum  rotation  (  +  7'1°)  occurs. 
Further  dilution  brings  about  a  slight  rise  in  rotation.  Thus,  compar- 
ing benzene,  chlorobenzene,  and  /^-dichlorobenzene,  it  appears  that, 
whereas  the  introduction  of  one  chlorine  atom  in  the  molecule  of  the 
solvent  causes  increase  in  the  rotation  of  the  dissolved  ester,  a  second 
chlorine  atom  in  the  para-position  produces  a  solvent  having  a  greater 
depressing  effect  than  the  mother  substance. 

In  all  three  casesi  a  concentration  of  minimum  rotation  is  distinctly 
marked. 

We  have  also  determined  the  molecular  8oltttbn*volame  of  ethyl 
tartrate  in  the  monohalogen  substitution  derivatives  *  for  comparison 
with  the  corresponding  rotations,  since,  from  previous  work,  it  might 
be  expected  that  these  variables  should  show  an  inverse  relationship. 

In  the  solvents  mentioned,  for  concentrations  below  about  7>  =  20,  both 
rotation  and  molecular  solution-volume  increase  rapidly,  which  is 
apparently  in  opposition  to  the  regularity  referred  to.  It  is,  however, 
only  on  the  limiting  value  of  the  solution-volume  that  any  valid  argu- 
ments can  be  based  (Trans.,  1901,  79,  192),  but,  unfortunately,  in  the 
instances  under  consideration  the  increase  of  molecular  solution- 
volume  is  so  rapid  in  dilute  solution  that  it  is  very  dithcult  by  extra- 
polation to  arrive  at  any  satisfactory  estimate  for  the  value  at  infinite 
dilution.  Therefore,  in  the  table  below,  the  figures  for  solution- 
volume  are  given  for  |> »  5,  whilst  those  for  rotation  are  for  p  «  0 : 

Ethyl  lartnto  in  H.S.V.»'.  jis5.      [«)f  inBuitedilatiou. 

GhlorobeiUMao    17  ]  71  o.e.  +13  3* 

Bromohenzene   ]74  t»l  „  117 

lodobenzeue   175*33  „  11  0 

It  will  be  seen  that  the  inverse  relationship  does  appear  to  hold  for 
the  solvents  in  question,  but  it  must  l)e  admitted  that  the  data  for 
molecular  solution-volume  are  somewhat  unsatisfactory,  since,  on 
account  of  the  rapid  increase  of  volume  in  dilute  solution  and  on 
account  of  the  fact  that  any  small  error  in  the  density  determination 
of  dilute  solutions  is  greatly  magnified  in  the  process  of  calculation,  it 
is  difiicult  definitely  to  decide  whether  or  no  at  low  concentrations  the 
solution-volume  curves  intersect  like  those  for  rotation. 

It  may  further  be  noticed  that  in  these  solvents,  as  in  the  aliphatic 
halogen  derivatives  (Trans.,  1908,  93,  355),  ethyl  tartrate  has  in 
general  the  greatest  Tolume  in  iodides  and  the  least  in  chlorides.  This 
is  shown  by  the  preceding  table  and  by  the  one  on  p.  940. 

*  in  a  tolvont  like  ;;  dicliloroben20iie|  truttvortliy  values  for  molecular  aolation- 
votnine  could  hardly  be  obtained^ 
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Inf  nite  dfltttion. 

Ethyl  tarUrate  in         M.^.Y.^.  [aj*^ 

in  c.c. 

Sthyliodide    178-8  -22"' 

thjl  bromide    178  6  -0*95 

Ethylene  bromide    176  8  -20  0 

Ethylene  chloride   176  0    -  4-1 

Acetylene  tetrabromido  176  6  -18*8 
Acetylene  tetrachloride    173  6  -  16-6 


Infinite  dilution. 

Ethyl  tartrate  in  Sl.S.V.**. 

in  c.c 

Methylene  iodide   1777    -  0*8" 

Methylene  chloride   174  1    -  1  -6 

Hrninofomi   .,  ,    177*1    4  0  2 

Cblorofoim    175-0*  -S'O 


In  all  these  cases,  the  volume  of  the  ethyl  tartrate  is  greater  in 
iodides  than  in  bromides,  and  greater  in  bromides  than  in  ehlorides. 
In  tbe  three  instances  on  the  left  of  the  table,  the  greater  ▼olnme  is 
associated  with  the  lower  rotation,  whilst  in  the  other  two  oases  the 
opposite  obtains. 

In  an  earlier  paper  (Trans.,  1903,  81,  1134),  it  was  shown  by  one  of 
us  that  naphthalene  as  a  solyent  has  a  Tory  marked  inflaenoe  on  the 
rotation  of  ethyl  tartrate,  an  inflaenoe  distinctly  different  from  that 
of  benaene.  It  was  of  interest  to  ascertain  whether  a  similar 
differenoe  exists  between  the  monohalogen  derivatiTes  of  benzene  and 
naphthalene  lespectiyelj,  and  therefore  we  have  investigated  the 
solvent  effect  on  ethyl  tartrate  a-bromonaphthalene,  the  concentra- 
tion-rotation curve  being  reprodnoed  in  the  diagram.  It  will  be 
noticed  that  tbe  curve  for  a-bromonaphthalene  is  similar  both  to  those 
for  bromobonzeno  (although  there  is  no  concentration  of  niinimutn 
rotation  at  20°)  and  for  naphthalene  in  what  is,  perhaps,  tbe  most 
important  particular,  namely,  rapid  increase  of  specidc  rotation  with 
diminishing  concentration,  especially  in  dilute  solution.  In  a-bromo- 
naphthalene this  is  very  striking  indeed,  the  rotation  increasing  from 
16*5°  for  p  —  5  to  20'9°  for  •/?  =  2.  It  is  not  possible  to  give  an 
accurate  estimate  for  the  value  of  the  specilic  rotation  at  inHiiite 
dilution,  but  ib  probably  is  nearly  +26°.  It  is  difficult  to  say 
whether  the  value  for  the  solution-volume  of  ethyl  tartrate  is  in  agree- 
ment with  that  for  tbe  rotation  or  ^ not.  For  p  =  5  the  molecular 
solution- volume  is  174*2  cc,  which  is  a  little  greater  than  in  achloro- 
bensene  solution  of  the  same  strength,  but  is  less  than  in  bromo-and 


*  In  the  last  part  of  this  reaesreh  (Trana,  1908,  98»  857,  note),  the  opinion 
expnsMd  that  the  value  fonnerly  ertiiDated  (Traoa,  1905,  97,  830)  for  tbe  M.S.T. 
of  ethyl  tartrate  in  rhloroform  might  be  too  high,  this  idea  being  formed  from  a 

roni|iarison  of  the  M.S.\'.  rmvc  for  chlorofnrni  with  the  curves  for  other  solvents. 
We  have*  therefore,  re-examined  the  matter  and  have  obtained  the  following  data : 

p.  d.  S.  U.S.y.'''\ 

3  00068  1-47773  1-48864  172-43  c.c. 

4-00196  i  47425  1-48864  172'13  „ 

5  92188  1*46788  1*48881  171*90  „ 

Taking  the  new  data  along  with  those  formerly  found,  a  mean  value  of  about 
175  0.0.  is  obtained  for  M.S.Y.*<^  at  infinite  dilution. 
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iodo-benzene.  The  form  of  the  Folution-volurae  curve  is  such,  how- 
ever, as  makevS  it  highly  probable  that  at  intinite  dilution  the  volume 
of  the  ester  in  a-bromooaphthaleDe  is  distinctly  less  than  in  the  other 
tbrod  solvents,  which  is,  so  far,  in  agraement  with  the  suggested 
inverse  relationship  of  rotation  and  volame. 

In  regard  to  the  effect  of  temperature  changet  the  rotation  of 
solutions  of  ethyl  tartrate  in  a-bromonaphthalene  are  of  some  special 
interest.  It  has  been  noticed  already  in  the  course  of  this  inveetiga* 
Uon  that  when  the  effect  of  a  large  excess  of  a  giyeii  soWent  is  to 
raise  eonsiderahly  the  rotation  of  ethyl  tartrate  or  similar  suhstance^ 
the  influence  of  rise  of  temperature  is  to  diminish  the  rotation  of  such 
a  solution.  This  is  the  ease,  for  instance,  with  dilute  solutions  of 
ethyl  tartmte  in  water  (Trans.,  1901,  79,  172 ;  1904,  86,  1129)  and 
in  naphthalene*  (Trans.,  1902,  81,  1139),  and  the  same  behaviour  is 
shown  by  methyl  tartrate  and  n  propyl  tartrate  in  water  (T^s.,  1904, 
86, 1127,  1131).  A  somewhat  similar  behaviour  is  shown  by  dilute 
aqueous  solutions  of  methyl-,  ethyl-,  and  n-propyl-potassium  tartrate, 
in  which  cases  the  specific  rotation  on  heating  at  first  incresses  to 
reach  a  maximum  value  and  then  diminishes  again  (Trans.,  1904,  85, 
1121,  1123,  1125).  We  therefoio  suspected  that,  bince  the  rota- 
tion of  dilute  solutions  of  ethyl  tartrato  in  a-bromonaphthaleno  is 
60  high,  a  maximum  should  occur  in  the  temperature-rotation  curve 
at  a  comparatively  low  temperature.  The  p  =  2  solution  was  there- 
fore examined  throughout  a  greater  range  of  temperature  than  the 
others.  Its  rotation  ituiea^ed  rapidly  at  first,  but  gradually  more 
slowly,  and  passed  through  a  maximum  value  of  +29  6^  at  a 
temperature  of  94°.  The  occurrence  of  such  temperatures  of 
maximum  rotation  is  of  very  considerablo  interest,  and  further 
examples  will  be  discussed  in  a  future  paper. 

EZPBBIMSVTAL. 

Bikyl  TarfynUe  in  Chlorobnizene. 

The  chlorobenzene  boiled  at  44*8°  under  a  pressure  of  30  mm. 
(oil-bath, 


I.    =  3-8059. 

f   

(400  mm.) 
[<   


13-8' 
+1-872 


17-4°  33-6' 
li^SS  .  2-276 
11 -06  18-66 


40  0'  437' 
2*801  2*460 
14*46  14*86 


•  In  this  c.'i.so,  (lirnimitioii  of  the  observiul  i.iUitioii  was  detected  in  a  ;;  =  10  solu- 
tion, but  the  si>ccilk'  solution  showed  a  slight  increase  between  70  and  100".  At  a 
higher  tempenture,  the  apedfie  rotation  also  would  doubtless  hsTS  cofsmenced  to 
deeresss. 
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Ethyl  TartraU  in  Chhrobenzem  (coutinued). 

e    113"      217'     32  0'      40-r      47-8'      56-0°    100  0' 

a;;(249  emin.)     +2453     2-893     3-292     3-537     3  742     3  93  4-408 

[aj   +8  74     10-41     11-97     12-96     13  82     14  63  17*19 

III.  |>-24*99$e. 

f   18-0*     24-8'     M-8*     44'6'  lOOO' 

a;(24»*6]iuii.)    +4788    6*098    7*878    7*782    8*728    9*192  10*167 

Cag   •i>6*78      8*78    1068    11*82    12*87    18*71  15*66 

IV.  47-469. 

t    9'r    18-r    21-9'    37-9"    46-5"    57-3°    67  2'  100  0" 

a^,  (100  mm.}...  +2-969   3  252    3  93     5  029   5-534    6  054    6*415  7*815 

[a]^   +6*89    6*92    7'22    9*87   10*40   11*49   12*29  14*40 

V.  p- 75*345. 

C   13  0°        22 -0'        88 -O* 

o{;(100min.)   -i  5  463        6-476  8-067 

[«J   +6*11         7*31  9.i4 


55  *6?        66  6* 

9-26  9-9 

10-77  11-64 


DmtU'iM  delermintd : 


1, 


17*05°  1-10974 
24*12  1*10215 
88*58  1*08650 


18*6* 
24*25 
31*87 


d. 

111071 
1*10451 
1*09622 


15  0 
89*8 

68-1 
99-0 


11. 


1-12020 
1*09882 

1  -0622 
1-0278 


V. 


24  91 
49  5 


14-7° 
36-0 
68-2 
99*0 


in. 

d. 

1-13432 
1-11108 
1-0812 
1-0415 


1-1797 
1-1732 
11472 


£thyl  Tartrale  in  Broniobtnz€m», 
The  bromoboDzene  boiled  at  43^  under  a  pressure  of  18  mm. : 

I.  p»  9*93184. 

e   no'      14-8'      2i-i»=      39-6'      47  0"      52-0*  100-0' 

o;,  (24^  0  mm.).  +2-91       3  127     3  705     4  402     4  66      4*84  5*725 
[a]^   +7*99      8*62     10*29     12*41     13*22    13*8  17*09 

II.  24*94. 

e   9-G'    13-2"    18-0'    24-0'    37  7'    46*5*    55-3"    G2  .V  100-4"* 

o;;  (249*6  mm.)  +5-439    r>-97     6-r,r,5    7-354    8  S59    9-574  10  32  10-838  12-584 

[ajj   +6*17     6-79     7*6      8*44    10*30    11*21  12  19  12*89  15*61 
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EUiyl  TariraU  in  BromobmzeM  (continued). 
III.  |»»  47-067. 

f    10'4*    WO'   28-1*   Al-r    48*a'    66-2'    e2  0*  lOOS* 

•^(lOOtnm.)          -i-S-m  3*8Q(  4778  8*005  8*523  8*015  7*178  8*51 

[aj*    +5*70     8*04     7*48     0'80   10*44   11*15   11*88  14*81 


SolvouL 

I. 

II. 

* 

III. 

d. 

f. 

rf. 

d. 

14*8  1'5018H 

18-6 

1-45914 

19-4 

1-4048 

191 

1  -33699 

42-8  1*48425 

88*1 

1*48600 

88  0 

1*8820 

88*5 

1-31434 

58-6  1-44313 

r)9o 

1  -4059 

61-6 

61  0 

1-2875 

100-8  18862 

100-6 

1-8508 

100-8 

1'302  . 

101  0 

1*2892 

Bthffl  Tartrate  in  Iodab9»u»n$,  ' 

The  iodobensene  boiled  at  69°  under  »  pressure  of  15  mm.  (oil-bath, 
110°): 

I.  =  10*6375. 

r                                        24-2'            40  1'  ni^ 

o'^  (170  mm.)                      +3-05            8-62  l  ul 

[oK                                   +978           11-77  la  2G 

II.  11-24*9011. 

<•                                  16-8'        2VV      .  88*4*  52-4' 

•[;(70tnin.)                   +2*21        2*85         2'88  8*88 

[aJJ                               +7*83         8-38        10*88  12*29 

m.  j»- 49*6183. 

r                           13  •6''         26-4°         40 -r         r.l-5»  59-9' 

«*'(70llim.)              +.5  G5          4-45          r.  12          5  G1  5-94 

[•U                       +7  18          8  86        10  33        11-43  1218 

lY.  p»  76-2983. 

r                                   15  -6'        21*6*        33-5'  45  5' 

«;(70mm.)                    +6*19        5*65        8*87  7*12 

t«K                              +7*48         8  08        9*82  10*58 

Den$Uie8  dtiirmimd: 


Solvent. 


r. 

19-5" 
24-8 


d. 

1  -83257 
1 '82363 
31-25  1*8188 
38*5  1*8027 


I. 


e 


18-85^ 
24-1 
34  8 
51*8 


d. 

1  7;5208 
1-72429 
1*7090 
1*6882 


II. 


e. 

21-5 
20*6 

.•]S-9 
60*6 


d 

1 
1 
1 

1 

1*5716 


Gin:.  2 

6084G 
6011 

5881 


III. 


IV. 


t\  d. 

is-.'i'  i  ir.079 

24-15  1-44344 
35-75  1*4288 
58*2  1*4069 


19-25' 
25  05 
86-2 
53*7 


d. 

l-ni:!?2 
l-au724 
1*2948 
1-2749 
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Sikffl  TariraU  in  ]p-Dichlorobeiizen$  :* 

pa  5*002. 

!•   55-6'     M-O't    99'9r     72*        79^  »7ir 

(•E    ^9'7S      7-44      806      8-68      9-44      10-28  11-88 

p-4001. 

e    58-7*        60*0*t      68'4*        72-4'  QO-O* 

[•K    +8*62        7-4  7-8  882  1118 

p-6001. 

r   62-7°       570'      60'0't      ««-0*      75-0»  88r 


WS   +7-77 


8-88 


8-7 


9-87      10-25     11 -S 


The  a-bromonaphthalene  boiled  at  139**  under  16  mm.  pressure  (oil- 
bath,  166°) : 

J.    =  2  07933. 


af  (160  mm.) 
l<  

II.  J?  =  4-99697. 

f  

(160  mm.). 


16-9' 
-f  1  003 

-I- 80-88 


25  2' 
107 
21*88 


15  0^ 
f  1  80(5 


38-5° 

1182 
24*84 


2-31S 


621" 
1-276 
24-61 


79  0° 
1-38 
29*2 


110-5" 
1-345 

29*06 


{<   +15-3 

III.  j[>«20'2601. 

Only  examined  for  dousity  and 
solution*  volume. 

Y.  p«  49-6882. 

e   13-5' 

a'' (100  mm.)    +5-535 

i<   


47-2" 
2-58 

22-3 


69-8* 

2-76 

24-1 


19-9 

IVT.  />»  20-37. 

e   19-4' 

a{[  (100  imn.  I   +3*25 

W;  +  118 


24-3' 
3-51 
12-22 


S-31 


20  0° 
617 
9  32 


31  O' 
7-216 

11-04 


42-5° 
8-08 

12-51 


52-r 

8-703 

13-62 


dtUrmkntd: 


Solvent. 


I. 


n. 


III. 


e. 
is-ss" 

20*75 
88-0 


d. 

1-49225 
1*49008 
1-48777 


rf. 


19-8°  1-47863 

22-8  1-47549 

81-8  1-46897 

IV. 


r. 

18-^6" 
20-95 
24*8 


rf. 

1-47269 
1-47069 
1*46727 


e 


18-66* 

20-75 

24-26 


rf. 

1-42089 
1-41868 
1*41491 


r. 

20*16» 


rf. 

1*414 


18-7* 

20-55 
23-6 


rf. 

1-88226 

1  -33026 
1-3270 


*  Unfortnnately,  the  nuuiiucript  book  conUining  tbe  origiotl  date  for  fhoM  loltt- 
tions  has  been  mislaid,  so  that' the  obeerred  rotations  and  denaitiea  cannot  be  gireo. 
As  we  had  a  note  of  the  specific  rotations  at  various  tcmp<?ralures,  did  iiut  onnsider 
it  titvessary  to  repeat  the  experiments  in  order  to  obtain  values  for  the  missing 
cons  tan  tH.  f  Interpolated. 
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MoUevlar  Soluiion-volume  and  Speeijic  Rotation  ai  20°  of  Mtkyl 

Tartrate  in  Various  SdvetUB, 

MiAteuiar  Volume  of  Ethyl  Tartraie  at  2(P  » 170-9  o.c. ;  [a]}T  +7*76**. 

In  several  cases,  two  or  more  difTerent  samples  of  polvont  were  used. 
In  such  instances,  the  density  for /)  =  0  appears  more  than  once.  The 
numbers  immediately  following  each  0  represont  solutions  made  up 
with  that  specimen  of  solvent.  We  have  not  attempted  to  estimate 
valuea  for  H.S.Y.*^  at  infinite  dilation. 

Solvent 
Chbrobetuene  


Bromobeume . 


loilobeuzeiie 


•Bromoiiaphdialeiie 


s 

rf2074\ 

0 

1-10674 

+  13*8° 

5*49034 

1-11081 

173-71 

0 

1-10667 

— . 

18*8 

3-8059 

1-10909 

175-05 

11-87 

10-0073 

riitsi 

172-41 

1014 

ino7 

8-00 

47-47 

1*14957 

171*46 

6  98 

75-3iS 

1*1784 

171*1 

6-99 

0 

1-19147 

11*7 

4-99987 

1 -47496 

174-91 

0 

1-49484 

11*7 

9-93184 

1-45728 

17815 

0*6 

24-94  • 

7*86 

47-967 

1-88594 

171-9 

7*08 

0 

1-83173 

11*0 

10-6875 

1-78088 

174*88 

9*2 

24-9011 

1-61482 

173  12 

8*2 

49-8182 

1-44856 

17-2-17 

8*0 

76-3988 

1-8181 

171*46 

7*9 

0 

1*88174 

110 

4-96374 

1-78225 

175-38 

0 

1-48651 

26-0 

2-07933 

1-47833 

175-46 

20-9 

0 

1*49081 

86*0 

4*99697 

1-47164 

174-2 

16*6 

20-2601 

1-41937 

172-5 

20-37 

11-4 

49*6882 

1-88085 

171*6 

9*82 

It  gives  us  pleasure,  iu  conclusion,  to  acknowledge  our  indebtedness 
to  the  Researcli  Fund  Committee  of  the  Chemical  Society  for  a  grant 
which  partly  defrayed  the  expenses  of  this  inveatigatioo. 

The  Unitwwitt, 
Glasqow. 
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LXXKIX, — Acetylketen :  a  Palymeride  of  Keten. 

By  FsLkucKA  Chick  and  Norman  Thomis  Mortimsr  Wilsmobe. 

It  haft  been  alroady  stated  {iraiure,  1907,  75,  510;  Trans.,  1907, 
91,  1938)  that  keten,  both  in  the  liquid  and  the  gaseous  statef, 

condenses  on  standing  at  the  ordinary  temperature  to  form  a 
pungent  t>melliDg  brown  liquid.  This  brown  liquid  has  now  been 
found  to  contain  a  new  substance,  which,  as  we  hope  to  show  iu 
in  the  present  paper,  is  in  all  probability  aceti/lketen,  having  the 
formula 

CHj-CO-CHICO, 

and,  consequently,  standing  in  the  same  relation  to  aoetoaoetic 
acid  as  keten  does  to  acetic  acid. 

As  was  to  be  expected,  this  condensation  of  keten  takes  plioe 
the  more  readily  the  purer  and  the  more  concentrated  the  ketsn 
is,  and  is  therefore  most  conveniently  brought  about  by  allowiDg 
liquefied  keten  under  pressure  gradually  to  attain  the  tomperatore 
of  the  room.  To  carry  out  the  operation,  the  crude  keten  is  first 
roughly  fraetioiiciteii  in  the  receiver  of  the  apparatus,  already  described 
(Trans.,  loc.  cit.),  in  order  to  expel  the  bulk  of  the  more  volatile 
impurities.  As  soon  as  the  boiling  point  has  risen  to  -70°  to  -65"', 
the  taps  are  closed,  and  the  keten  is  frozen  by  means  of  liquid  air. 
The  receiver  is  then  connected,  on  the  one  hand,  to  an  exhaust  pump 
and,  on  the  other,  to  a  manometer  and  to  a  thick-walled  glass  tube, 
closed  at  one  end,  and  drawn  off  to  a  thick-walled  capillary  at  the 
other.  After  the  whole  apparatus  has  been  exhausted,  the  connexion 
to  the  pump  is  closed,  and  the  keten  is  distilled  over  hj  removing 
the  liquid  air-bath  from  the  receiver  and  applying  it  to  the  thick- 
walled  tube.  When  all  the  keten  has  passed  over,  the  thick-walled 
tube  is  sealed  off. 

It  was  mentioned  in  the  previous  paper  that  the  qsontaneous  con- 
densation of  keten  was  accompanied  by  considerable  evolution  of  heel 
This  was  noticed  first  on  handling  one  of  the  tubes  about  half  an  hour 
after  it  had  been  sealed  up,  when  the  end  of  the  tube  containing  the 
liquid  was  found  to  be  much  too  hot  to  hold.  In  order  to  follow  the 
reaction  more  carefully,  a  sealed  tube  containing  about  7  c.c.  of  liquid 
keten  wjts  placed,  along  with  a  thermometer,  in  a  wide  glass  tube 
containing  50  c.c.  of  alcohol,  which  had  been  previously  cooled  to 
about  -  60  \  The  apparatus  was  placed  in  the  open  air,  and  was 
observed  from  a  distance  by  means  of  a  telescope.  The  keten  remained 
colourless  until  the  temperature  of  the  bath  had  risen  to  0'',  when  i\ 
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began  slowly  to  turn  brown.  The  reaction  then  went  on  with 
increasing  rapidity,  and  the  temperature  of  the  bath  ^jradually  rose 
to  21°,  remained  at  that  point  for  about  a  quarter  of  au  hour,  and  then 
slowly  fell.  The  temperature  of  the  air  outside  varied,  meanwhile, 
between  10"^  and  7**.  The  reaction  appeared  to  be  couipleto  after  about 
three-quarters  of  an  hour  from  the  time  when  the  keten  began  to  turn 
brown.  A  second  similar  tube  was  placed  in  an  air  jacket  and  was 
observed  as  before.  In  this  case  a  violent  reaction,  lasting  for  nearly 
five  minutes,  took  place  soon  after  the  liquid  began  to  turn  brown. 
The  heat  of  tho  reaction  is  therefore  considerable.  A  quantitative 
determination  of  it  by  means  of  an  ice  calorimeter  is  contemplated. 

On  distilling  the  brown  liquid,  it  was  found  to  consist  partly  of  a 
colourless  liquid,  which  passed  over  between  125°  and  127'',  and 
partly  of  a  brown  residue,  which  is  now  being  further  examined. 
The  yield  of  the  colourless  liquid  was  not  very  large,  about  5  grams 
being  obtained  from  200  grams  of  aoetic  anliydride.  On  redistilling 
-the  colourless  liquid  under  a  pressure  of  760  mm.,  it  boiled  at 
126 — 127^  with  slight  decomposition,  a  portion  being  always  con> 
verted  into  some  of  the  brown  solid ;  but  it  could  be  distilled  under 
reduced  pressure  (50 — 100  mm.)  without  change. 

For  analysis,  the  substance  was  weighed  in  a  small  stoppeted  bottle 
of  hard  glass,  which  was  opened  and  placed  in  the  boat  as  the  latter 
was  being  poshed  into  the  combustion  tube.*  The  vapour  density 
was  determined  by  means  of  the  Hofmann  apparatus,  using  freshly- 
distilled  m-zylene  for  the  vapour  jacket.  In  calculating  the  net 
pressure,  allowance  was  made  for  the  t<  mperature  of  the  mercury 
column,  and  for  the  vapour  pressure  of  the  mercury  in  the  tube. 
Omng  to  the  tendency  of  the  vapour  to  polymerise,  the  result  is 
rather  high  : 

0  U19  gave  0-2938  00,  and  O  OGU  H^O.    C  =  5G  5  ;  11  =  4-8. 
01118    „    0-2331  CO,   „   O  OdOOHjO.    C  =  56-9  ;  H  =  5  0. 
0-0971    „    7\  i  c.c.  at  139  3^  and  409  mm.    M.\V.  =  85-8. 
0  4034  ill  18  20  benzene  gave  a  depression  of  I  ^IS"".    ^M.W.  ^84*3. 
U^H^O,  requires  C-571  ;  H  =  4-8  per  cent.    M.W.»84  0. 

The  substance  is  therefore  formed  by  the  union  of  two  molecules  of 

keten. 

The  liquid  dissolved  slowly  on  shaking  with  oold  water,  forming  a 
strongly  acid  solution,  which  gave  a  deep  violet  colour  with  ferric 
chloride.  On  heating  the  aqueous  solution,  carbon  dioxide  and 
acetone  were  formed,  the  latter  being  reoognieed  by  means  of  the 
iodoform  reaction,  the  alkaline  mercuric  chloride  test,  and  the  forma- 

*  The  liquid  was  too  volatile  to  weigh  in  the  boat,  and  when  placed  iu  the  uaual 
bolb-tube  the  brown  solid  formed  in  tha  capillaiyon  heating  could  not  be  completely 
hamU 
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tion  of  the  crystalline  compound  with  bensaldehyde.  Hydrogen 
chloride  facilitated  the  diseoluiion  and  decompodtion.  On  warming 
the  sabstance  or  its  aqueous  solution  with  aqoeoas  alkalisi  it  was 
decomposedy  acetates  being  formed.  The  substance  therefore  combines 
with  water  to  form  acetoaoetic  acid* 

The  liquid  was  found  to  react  with  aniline  with  great  energy  ]  in 
f aet|  if  the  aniline  was  added  too  quicklyt  the  mixture  boiled.  A 
crystalline  substance  was  produced,  whichi  after  recrystallisation  from 
alcohol,  proved  to  be  aoetoacetaniltde,  melting  at  84^  This  was 
confirmed  by  heatlug  a  portion  with  excess  of  aniline^  when  carb- 
anilide  (m.  p.  235^)  was  formed. 

All  the  above  reactions  may  be  satisfactorily  explained  on  the 
assumption  that  the  new  body  is  aeUi/iheUn*  Thus  with  water  we 
have: 

CH,-C0-CH:C0  +  HjO  =  CHj-CO-CHj-COjH, 
with  alkalis  : 

Cna-UOCHICO  +  Ba(OH)jj  =  iiaCCjH^O,),. 

and  with  aniline  : 

Acetylketen  in  bensene  solution  reacts  with  two  molecular  propor- 
tions of  phenylhydrazinei  yielding  a  substance  which  crystaUised 
from  alcohol  or  bensene  in  colourless  plates  melting  with  slight 
decompositton  at  152^ — 163^   Analysis  showed  that  this  substance 

had  the  composition  of  a  pJtenylhydfiiaom  phinylhydraMe.     It  is 
probably  formed  according  to  the  equation  : 

CHa'CO-CHICO  +  2Q^n^'li^^U^  = 

HjO  +  CHg-C  CH2-(pO  . 

0*1156  gave  0-2877  COj  and  0-0677  U.fl.    C  =  67-9;  H  =  6-5. 
01214    „    0-3022  CO,  „   0  0705  HgO.    0  =  67-9 ;  H  =  6-5. 
O-UU         19-67CC.  moiBtnitrogenatl8°and  754mm.    N  =  20-l. 
0-1775  in  16  98  benzene  gave  an  elevation  of  0-096°.    M.W.  =  288. 
Oifi^ON^  requires  C  =  681 ;  H  -  6*4 ;  N  - 19*9  per  cent.  M.W  -  282. 

The  substance  dissolved  readily  in  dilute  hydrochloric  acid, 
forming  a  very  soluble  hydrochloride^  which  gave  a  well-defined 
plaUniMnride, 

Acetylketen  differs  markedly  from  keten  in  that  it  does  not 
appear  to  react  either  with  alcohols  or  with  phenols,  and  this  fact 
gave  rise  to  the  suggestion  that  it  might  be  after  all  not  a  true 

keten,  but  an  isomeride,  such  as  diketotetramothylene. 

To  tesl  this  point  the  luolecular  refraction  was  determined,  and 
the  result  was  compared  with  the  values  calculated  for  the  various 
isomeric  formula  from  Courady's  numbers  for  the  atomic  refractions 
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for  sodtam  light  {Zeitsch.  phynkal.  Chen.,  1880,  3,  210).  The 
pyknometer  contained  0*7433  gram  of  water  weighed  in  air  at  18°, 
0-8143  gram  of  acetjlketen  at  18%  and  0  8118  gram  at  23""; 
nducing  to  the  Tacnum  and  to  the  density  of  water  at  4°,  the 
density  of  aoetylketen  was  accordingly  ({u*'^^'^^^  '^^^  du."  1*0905. 
The  refractive  index,  measured  with  a  Palfrlch  apparatus  at  23% 
using  sodium  lights  was  no-*l-4342»  which  from  the  Lorentc 
formula  gives  M.R.» 20*075.   The  calculated  values  are: 

M.R. 

20-  489 

21-  430 

20*664 

Thus  the  acetyl keten  formula  appears,  according  to  this  test 
also,  to  be  the  most  probable,  the  only  other  formula  which 
approaches  it  being  that  of  the  otherwise  highly  unlikely  phenolic 
form  of  diketotetramethylene.  There  is,  nevertheless,  still  a  con- 
siderable difference  between  the  calculated  and  the  observed  value 
for  acetylketen,  but,  perhaps,  this  may  be  due  to  the  oxygen  in  the 
terminal  CO  group  having  a  lower  atomic  refraction  than  "  aldehydic  ** 
oxygen  in  general.  We  hope  to  test  this  hypothesis  shortly  by 
determining  the  molecular  refraction  of  keten  itself. 

As  already  mentioned,  acetylketen  is  a  colourless  liquid  at  the 
ordinary  temperature*  On  cooling  sufficiently,  it  freeses  to  a  white 
flolid,  which  melts  at  -7  to  -6°.  It  has  an  extremely  pungent 
smell,  differing  entirely  from  that  of  keten,  and  sugge^ive  at  the 
same  time  of  acetic  anhydride  and  of  acrolein.  Its  vapour  attacks 
the  eyes  and  the  mucus  membranes,  but,  like  keten,  it  does  not 
appear  to  leave  any  unpleasant  after-effects.  On  standing  at  the 
ordinary  temperature,  even  in  absence  of  air,  it  gradually  turns 
brownish-yellow.  The  change  is,  however,  less  rapid  in  Jena  than 
in  soda  glass,  and  is  in  any  case  extremely  slow  at  0^.  It  would 
seem  not  to  proceed  very  far  even  at  the  ordinary  temperature,  since 
a  bomb  tube  which  had  been  left  sealed  up  for  several  months  gave, 
when  opened,  practically  the  same  yield  as  tubes  freshly  prepared. 
The  boiling  point,  density,  and  refractive  index  have  been  already 
given.  The  dielectric  constant  has  been  measured  for  us  by  Dr.  A.  W. 
Stewart  by  means  of  the  Drude  apparatus,  the  value  16 — 17,  or 
practically  the  same  as  that  of  aci  toacetic  ester,  being  obtained.  Tlie 
absorption  spectrum  of  acetylketen  was  photographed  by  Mr.  H.  E. 
Watson,  using  solutions  in  dry  ether  and  in  alcohol  up  to  O  liV'. 


CHj-CO-CHtCO  

OHa:C(OH)-CH:CO 

ch/  >ch.  

^C(OHk 
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Thera  was  no  absorption  band,  bat  a  amall  general  absorption  in  the 
ultniFvioIet  resembling  tbat  produced  by  aoetoaoetic  ester. 

Aoetylketen  is  readily  miscible  with  all  the  usual  organie  solvents. 
It  resets  violent]  j  with  pyridine,  forming  ^  brown  substance  apparently 
identical  with  that  which  we  have  observed  to  be  formed  by  the  action 
of  keten  on  pyridine.  The  pyridine  seems  to  act  meroly  as  a  catalytic 
agent,  since  it  could  be  readily  washed  out  from  the  mixture,  leaving 
a  residue  freo  from  nitrogen.  The  reaction  procecnled  much  more 
flowly  in  benzene  solution,  the  acetylketen  being  then  almo>t  entirely 
converted  into  dehydracetic  acid,  which,  after  crystallisation  from 
alcohol  and  light  petroleum,  melted  at  108'5''.  On  the  other  hand, 
acetylkot'On  reacts  slowly  with  quinolino,  yielding  a  sparingly  soluble, 
crystalline  substance  melting  with  decomposition  at  231°,  which,  how- 
ever, does  not  contaia  nitrogen.  With  sodium  ethoxide  in  dry  alcohol, 
acetylketen  forms  chieily  sodium  ethylacetoacetate.  This,  on  treat- 
ment with  hydrogen  chloride,  gave  carbon  dioxide  and  a  ketone, 
which  was  evidently  methyl  propyl  ketone.  Hydroxy lamine  hydro- 
chloride has  no  action  on  acetylketen,  but  the  latter  combines 
readily  with  the  free  base  in  alcoholic  solution.  Hantssch'a  methyluo- 
ozasolone  was,  however,  not  produced,  but  a  vety  soluble^  readily 
ozidisable,  crystalline  substance  was  obtained  on  evaporation. 

We  are  continuing  the  investigation  both  of  keten  and  of  acetyl- 
keten,  and  we  propose  to  study  especially  the  action  of  Qrignard's 
roagent  on  these  substances. 

Our  thanks  are  due  to  ^Ir.  H,  T.  Clarke,  who  kindly  assi&ted  in  the 
carrying  out  of  several  of  the  experiments. 

Uhivbrbitt  Coluqs, 

Univbrsity  or  LoNnoir. 


XC. — The    Condensation    of    Benzoin    tvith  Methyl 

Alcohol, 

By  James  Colquuoun  Irvine,  D.Sc,  Th.D.,  and  David  McNicoll, 

M.A.,  B.Sc 

Iff  a  provious  paper  (Trans.,  1907,  91, 1391),  it  has  been  pointed  out 
that,  although  a  good  yield  of  bensoin  methyl  ether  is  obtained  from 
bensoin  by  the  application  of  Fischer's  process,  two  other  oomponnds 
aro  produced  simultaneously  which  aro  not  apparontly  intermediate 
products  in  the  methylation,  but  result  from  definite  side-reaetiona 
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So  far  as  preliminary  experiments  showed,  one  of  these  compounds 
(m.  p.  185'^)  was  produced  by  the  union  of  one  molecule  of  benzoin 
with  one  of  beiutoin  methyl  ether  through  loss  of  one  molecule  of 
ivaAer;  the  second  compound  (m.  p.  285^  had  the  same  analytical 
compontion  as  bemoin  methyl  ether,  but  possessed  a  molecular  weight 
twice  as  great^  and  ^raa  regarded  as  a  tetramethylene  derivative.  The 
formation  of  snch  a  compound  saggested  that  bemoin  methyl  ether 
had  undergone  condensation  in  a  manner  resembling  in  some  ways  the 
"benioin"  condensation,  and  this  view  was  apparently  supported 
by  evidence  which  showed  that  the  presence  of  nitrogen  compounds 
seemed  to  favour  the  production  of  the  substance,  presumably  by 
catalytic  action.  We  were  thus  led  to  make  a  more  detailed  study  oi 
the  two  condensation  compounds  and  of  their  mode  of  formation. 

Attempts  to  B3mthesise  tho  two  compounds  from  benzoin  methyl 
ether  gave  no  positive  result,  our  experiments  indicating  that  both 
substances  are  in  iact  produced  directly  from  benzoin,  independently 
of  the  methylation  of  the  latter  to  benzoin  methyl  ether.  Thus,  when 
benzoin  methyl  etlier  was  subjected  to  the  action  of  methyl  alcohol 
containing  varying  proportions  of  hydrogen  chloride,  only  traces  of 
the  sparingly  soluble  products  were  formed.  Negative  res  Its  were 
also  obtained  when  hydrogen  i^anide  and  bonzaldehyde  were  added  to 
a  similar  mixture.  Moreover,  the  yield  of  the  two  compounds  was 
not  appreciably  increased  by  carrying  out  Fischer's  process  with 
a  methyl-alcoholic  solution  of  benzoin  to  which  potassium  cyanide  and 
bensaldehyde  had  been  added,  so  that  apparently  the  secondary 
reactions  are  not  affected,  as  was  suggested  in  a  previous  paper,  by 
the  presence  of  nitriles. 

Although  throughout  all  our  work  we  have  used  Eahlbaum's 
''Aceton  frei"  methyl,  alcohol,  we  considered  it  advisable,,  in  view 
of  the  ready  condensation  of  benal  with  acetone,  to  ascertain  if  the 
latter  played  any  part  in  the  reaction  and  thus  account  for  the  some- 
what variable  yields  of  the  desired  products  which  we  have  obtained 
in  different  preparations,  i  t  was  found,  however,  that  the  addition 
of  acetone,  either  in  tr;ices  or  in  molecular  proportions,  not  only  failed 
to  load  to  any  noticeable  increase  in  the  amount  of  the  by-products, 
but  in  some  cases  diminished  the  yields,  owiog  to  the  formation  of 
mesityl  oxide.  The  addition  of  benzil  or  benzoic  acid  to  the  above 
mixture  also  proved  fruitless. 

We  conclude,  therefore,  that  the  two  compounds  under  examination 
are  formed  in  a  reaction  in  which  benzoin,  methyl  alcohol,  and 
hydrogen  chloride  alone  play  a  part,  and,  in  prepating  the  necessary 
material,  dry  hydrogen  chloride  was  passed  into  a  solution  of  pure 
benaoin  in  pure  methyl  aJcohol.  The  joint  yield  of  the  two  compounds 
WIS  somewhat  improved  bj  introducing  the  acid  as  rapidly  as  possible 
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and  by  oanryingout  the  pr^paniUoii  at  IQP^  initeacl  of  i^t  40~-5(F  mi  in 
pievioiiB  cM6p»  but  in  no  instanoe  did  tbe  total  yield  exoeod  37 
cent,  of  tho  bens^  wd.  Tba  first  crops  to  aeparate  ooiuisted  of  the 
oomponnd  of  lower  malting  point  in  a  state  of  pqrity ;  later  crops  con- 
sisted of  mixtures  of  botb  substances,  and  finally  the  compound 
melting  at  285^  was  alone  produced.  This  is  explained  by  the  fact 
that  the  compound  of  lower  melting  point  is  capable  of  uniting  with 
a  molecule  of  methyl  alcohol  under  the  conditions  of  the  reaction, 
and  is  thus  converted  into  the  compound  molting  at  285  .  The  consti- 
tution of  these  substances  wa.s  in  the  previous  research  left  undecided^ 
but  the  formuUe  suggested  were  respectively  : 

CoH,-CH-C(OMe)-CeH,  C,H,-C(0Me)-C(01I).C,H, 
C^5-C0  CO  C.Hj  C^Hj-C(OH)-qOMe)'0«H4 
(M.  p.  (M.  p.  m".) 

The  first-mentioned  formula  is  no  longer  tenaUs^  no  indication 
being  obtained  of  the  presence  of  ketonic  groups.  Moreover,  the 
reaction  mentioned  above,  in  which  the  compound  of  lower  melting 
point  is  converted  into  the  other  by  the  addition  of  methyl  alcohol,  is 
not  readily  explained,  except  on  the  assumption  that  both  snbstaaoes 
possess  a  similar  structure.  That  this  view  is  correct  was  shown  by 
the  action  of  acetic  anhydride  containing  sulphuric  acid.  •  Both  com- 
pounds,  although  quite  unaffected  by  either  acetic  anhydride  or 
acetyl  cUoride^  reacted  readily  with  the  stronger  reagent  in  the  cold 
and  gave  identical  products,  ono  of  which  was  readily  recognised  aa 
acicular  dibenzoylstilbene.  This  at  once  points  to  the  fact  that  both 
the  substances  under  examination  are  furan  derivatives,  and  both 
formulae  must  therefore  be  abandoned.  A.  second  product  of  tlio 
acetylation  had  tlio  composition  Cj^UgyO-.,  and  contained  three  acutyl 
groups,  the  met  boxy  I  groups  having  been  eliminated  during  the 
reaction.  The  evidence  thus  obtained  points  to  the  following  alterna- 
tive formulae  for  the  compound  melting  at  285'' : 

C,H^-CH  G(0Me)-C,H6  C.H,-CH  C(OMe)-0«H^ 

(I.)  aio 

The  action  of  acetic  anhydride  and  sulphuric  acid  may  thus  bo 
regarded  a>i  acetylation  of  two  methoxyl  groups  and  one  hydro:s}  I 
group,  a  reaction  which  involves  the  removal  of  two  molecules  of 
methyl  alcohol.  The  above  general  structure  was  also  supported  by 
the  observation  that  acetic  anhydride  and  .s\il})huric  acid  decomposed 
the  triacetyl  derivative  at  100°  with  the  formation  of  dibenzoylstilliene, 
and  that  hydrogen  iodide  reduced  the  original  substance  to  tetra- 
phonylfuran.  We  believe  formula  I  to  be  the  more  probable  structure, 
as  it  involves  the  symmetrical  addition  of  methyl  alcohol  to  dibenzoyU 
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•lUbane,  bafc  no  IndtoatioA  oonld  be  obtained  of  presenoe  of  tli9 
hydrozjrl  group  further  tban  the  formiitlon  of  a  tdaoetyl  deriTative 
ixm  the  eopipoand,  which  previous  analyses  had  shown  to  contain 
two  methoxyl  groups.   The  oomponnd  is  therefore  3-i^r«irait^-9 : 6- 

difMthoxytetraphenyltetrahydrofuran. 

The  structure  of  tho  coinpoimd  moltiiig  at  185°  can  bo  arrived  at 
by  considering  the  alternative  methods  of  removing  one  molecule  of 
methyl  alcohol  from  thd  substance  just  mentioned.  Two  possibilities 
exist,  namely  : 

CeH,-C<2>C-0flH,  C,H,-C(0II)-O'C(0Me)-C,H5- 

(I.)  (H.) 
Either  formula  would  explain  the  property  of  addition  of  one  mole- 
enle  of  methyl  alcohol  by  the  action  of  alcoholic  hydrogen  chloride^ 
or  the  formation  of  dibenioylstilbene  wiien  treated  with  aoetio 
anhydride  and  sn^phnric  a^d.  As  tbe  substance  does  not  give  the 
reacUons  of  a  hydrozy^l|Blp01^ld  and  forms  no  additive  compound 
with  bromine,  we  believe  it  to  have  the  constitution  L  It  is  therefore 

It  seems  probable  that  the  formation  of  these  by-products  arises  in 
thd  first  instance  from  the  condensation  of  two  molecules  of  bensoin 

to  form  dibensoylstilbene  {Bei\,  1877,  4,  337),  which  then  unites  with 

two  molecules  of  methyl  alcohol  in  two  siucussive  stages  to  form 
a)8-dibenzoyl-a-methoxydibonzyl  and,  finally,  2-hy(lioxy-3  :  5-dimethoxy- 
tetraphenyltetrahydrofuran.  It  is  of  course  well  known  {Cheni.  Ceiitr., 
1867,  373)  that  concentrated  hydrochloric  acid  reduces  dibenzoyl- 
8till>ene  to  tetraphenylfuran,  but  we  hnd  that,  it"  the  gas  is  passed 
slowly  into  a  dilute  uiothyl-alcoholic  solution  of  the  former,  it  is  con- 
verted in  the  hi'st  place  into  a  mixture  of  the  two  compounds  under 
examination ;  prolonged  action  of  tho  acid  gives  a  mixture  of  tetra- 
phenylfuran and  2-hydrozyo3  :  tNUmethoxytetraphenyltetrahydro* 
furan. 

The  complete  reaction  between  mothyl  alcohol  and  benzoin  in  presence 
of  hydrogen  chloride  is  therefore  eacpressed  in  the  following  scheme : 

BensotB  methyl  ether. 

/ 

Benwia  — ^  Dibemayhtilbena  — ^  «/^dlbeD«oyl««-methoxydibenzyl  — > 
\^  2-]ijdK»iy«S :  l^dimetiioxytetnpoeiiyltetnbydrofiinm. 

Bensfl. 

Our  results  throw  some  light  on  the  alternative  formulie  suggested 

*  Although  there  seems  no  reasonable  doubt  that  the  compound  here  described  is 
cyclic,  we  have,  for  the  sake  of  uniformity,  referrod  to  it  as  a  dibeuzoyl  derivative, 
thus  bringing  it  into  lino  with  diboozoylcinuameue  and  dibenzoyl8till>enc. 

3  U  2 
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for  dibenzoylstilbeDe  and  ietoaplieiiylf nnuou  Ziiim'B  formula  for  tiM 
former  has  been  questioned  by  Japp  and  Tingle  (Tnaa^  1897,  71, 
1139 ;  B9r.,  1888,  21, 2934)  and  also  by  Dom  (Annalmh  1870,  163, 
358).  Aooording  to  these  investigators^  the  stmctore  of  dibensoyl- 
stilbene  is  represented  by : 

/\ 

( Jspp*8  fbiBMils. )  (Dom's  f otmaU. ) 

The  addition  of  two  molecules  of  methyl  aloohol  can  be  oonTeniently 
represented  by  the  use  of  either  formula  and  results  in  the  foUowing 
alternative  stmotuies  for  hydroxydimethoxytetraphenyltetzahydro- 
fnran: 

C,H,.CH  C(0Me)-C,H5  CeH,-C(OH)-C(OMe)-C6H5 

CA-C(OMe)-0-C(OH)-OeHB         CeHj-C{0Me)-C(OH)-0.H5  ' 

The  formation  of  a  triaoetyl  detivatiTe  ezolndes  the  oonatitntion 
deduced  from  Dom's  formula,  and  we  have  therefore  adopted  Japp'a 
structure  throughout. 

EXPBRIMBHTAL. 

CQudemaiion  of  Benzoin  with  MeUtyl  Alcohol. 

The  best  yields  of  the  two  furan  derivativeB  were  obtained  by 
rapidly  passing  dry  hydrogen  chloride  into  a  methyl-alcoholio  solution 
of  benaoin  cooled  to  lO*'.  At  this  temperature,  bemtoin  requires 
twenty-five  times  its  weight  of  aloohol  to  effect  complete  solution. 
The  separation  of  the  sparingly  soluble  condensation  products  began 
when  the  solution  contained  about  15  per  oent.  of  hydrogen  chloride, 
and  ceased  when  the  disappearance  of  any  action  on  Fehling's 
Bcdution  indicated  that  no  free  bensoin  was  present.  The  solution 
was  filtered  at  intervals,  and  finally  allowed  to  stand  in  the  cold  for 
twenty-four  hours.  The  first  and  last  crops  to  separate  melted 
sharply  at  lyj"^  and  285°  respectively,  intermediate  crops  being 
mix  Lures  of  the  two  compounds,  which  were  separated  as  described  in 
a  previous  paper  {loc.  cit.).  The  relative  amount  of  the  two  substances 
formed  depends  on  a  number  of  couditioiis,  and  seems  to  be  determined 
by  the  temperature  of  the  solution,  the  rate  of  saturation  with 
hydrogen  chloride,  and  the  intervals  of  time  which  elapse  between  the 
filtration  of  the  different  crops.  2-Hydroxy-3 : 5-dimethoxytetra- 
phenyltetrahydrofuran  constituted  the  sole  product  when  the  mixed 
crops  were  not  remuved,  but  were  allowed  to  stand  in  contact  with 
the  acid  mother  liquor  for  some  days. 
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An  alternative  method  of  prepamtion  oonaiBts  in  mixing  benzoin 
with  eight  times  its  weight  of  methyl  aloohol,  satnrating  the 
latter  with  hydrogen  chloride^  and  allowing  to  stand  in  the  oold  .lor 
several  weeks.    tTsing  iheee  proportions,  the  bulk  of  the  bensoin 

remains  undissolved,  but  is  slowly  converted  into  hydroxy dimethoxy- 

tetraphenyltetrahydrofuran,  the  yield  of  which  amounted  to  20  per 
cent,  of  the  benzoin  used. 

Adian  of  Aceiie  Anhydride  and  Sulphuric  Acid  on  ^'Hyd/romy-Z :  h-dir 

On  adding  5  grams  of  the  compoiind  to  180  o.o.  of  aoetie  anhydride 
containing  a  few  drops  of  concentrated  salphnric  acid,  an  intense 
violet  solution  was  obtained.   On  standing  at  the  temperature  of  the 

room,  a  very  characteriBtic  series  of  colonr  changes  were  observed,  the 
liquid  finally  becoming  crimson  and  displaying  well-marked  tluoroscence. 
A  crop  of  small  prisms  weighing  3  7  grams  rapidly  separated,  which, 
after  three  recrystallisations  from  a  mixture  of  benzene  and  methyl 
alcohol|  melted  sharply  at  292°  ;  the  acetic  anhydride  mother  liquor, 
on  concentration  at  50°  under  15  mm.  pressure,  gave  a  bright  yellow, 
crystalline  product,  which, after  recryetaliifiation  from  benzenOi  melted 
at  210—211°. 

The  first  of  these  products  proved  to  be  a  triacetyl  derivative. 
Found,  C  =  74-29  ;  H  =  5-32;  CH3-CO-24-34. 
OjJd^OJfi^^'QO)^  requires  0-74*18;  £[-5-45;  GH,*CO<-23'45 

per  cent. 

A  Zeisel  estimation  gave  a  negative  resnlt,  showing  that  the 
methoxyl  groups  had  been  completely  removed,  and  a  determination  of 
the  molecular  weight  in  benzene  solution  by  the  cryosoopic  method  gave 
the  value  511  (C«,4H,0Or  requires  550).  The  compound  was  insoluble 
in  water,  sparingly  soluble  in  alcohol,  but  readily  so  in  bensene.  It 
behaved  as  a  saturated  substance  towards  bromine,  and  was  quanti* 
tatively  hydrolysed  by  bdling  with  i^/2-alcohoIic  potassium  hydroxide. 
When  gently  warmed  with  acetic  anhydride  containing  a  little  sulphuric 
acid,  it  was  completely  converted  into  dibonzoylstilbeno. 

The  yellow  compound  referred  to  above  (m,  p.  210 — 2 IP),  which 
was  contained  in  the  acetic  anhydride  mother  liquor,  was  proved  by 
analyses  and  conversion  into  tetraphenylfuran  to  be  dibenzoyl- 
stilbeno.  The  melting  point  quoted  by  Zinin  (220°)  appears  to  be 
too  high,  as  our  experience  agrees  with  that  of  Japp  and  Klingemann 
(Trans.,  1890,  57,  688),  who  state  that  they  "could  not,  by  any 
process  of  crystallisation,  succeed  in  raising  the  melting  point  above 
210—211°" 

Aciion  of  Sydtogm  Iodide. — five  grams} of  2-hydroxy-3 : 5-di- 
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methoxytetraphenyltetofthydrofiiMtti  wore  hmMk  aft  19V*  in  tfaa 
deoompMition  fladt  of  a  Zeisel  a|ypanititB  with  a  large  mm  of 
hydriodic  acid  (sp.  gr.  1*76)  tititil  the  e?olntioii  off  laethyl  iodide 
ceaaed.  The  liquid  waa  nentinaiiad  with  eolid  aodiimi  oirbooatei 
eztraelied  with  a  large  ezoeai  of  ether,  atid  the  ethereal  edhttieii 
shaken  with  sodium  thiosulphate  solution  until  free  from  iodine. 
After  standing  over  anhydrous  fiodiuin  sulphate  and  remoTal 
of  the  solvent,  a  crystalline  residue  was  obtained,  from  which  deoxy- 
benzoin  and  tetraphenylfuran  were  isolated  and  identified  by 
conversion  into  deoxybenzoinoxime  and  dibenzoylstilbene  respectively. 

The  reduction  by  li^ieyer's  method  was  carried  out  in  an  atmosphere 
of  carbon  dioxide,  and  gave  a  crystalline  distillate.  After  dryiog  on 
porous  porcelain,  the  product  was  dissolved  in  boiling  alcohol,  when  a 
crop  of  lustrous  plates  separated,  melting  at  124°,  which  were  further 
identified  as  stilbene  by  conversion  into  the  a-dibromide.  The 
alcoholic  mother  liqaor  contained  a  quantity  of  deozybenzoin.  The 
rednotion  therefore  resulted  in  moleoalar  rupture. 

On  adding  a  solution  of  bromine  in  carbon  disulphide  to  a  aimllar 
solution  of  2-hydroxy-3 :5Hlimethozytetraphenyltetrahydrofuran,  no 
reaction  took  plaoe^  and  on  evaporation  of  the  solvent  the  original 
weight  of  subfltance  was  recovered  unaltered.  A  negative  result  was 
also  obtained  in  ezperimente  in  which  a  beniene  solntion  of  the 
oompolmd  was  boiled  with  phosphorus  pentaehlorida  There  waa  no 
apparent  reaetioni  atid  the'^unohanged  suhstanoe  was  recovered.  We 
have  thus  no  direct  indication  of  the  presence  of  the  hydroi^l 
group. 

All  the  reactions  of  this  compound  were  earned  out  in  the  manner 
already  described  for  2-hydroxy-3  :  5-dimethoxytotraphenyltotrahydro- 
furan,  and  in  most  ceases  identical  results  were  obtained.  Thus 
a  mixture  of  acetic  anhydride  and  sulphuric  acid  converted  it  into  the 
same  triacetyl  derivative,  C28H2i04(Cir3*CO)g,  melting  at  292°,  and 
also  into  dibcnzoylBtilbono  (m.  p.  210 — 211°).  When  reduced  with 
hydrogen  iodide,  a  mixture  of  tetraphenylfuran  and  dooxybenzoin  was 
obtained,  and,  when  distilled  with  zinc  dust,  deoxybenzoin  and  stilbene 
were  produced.  Although  soluble  in  exoo<^s  of  methyl  iodide,  the 
compound  was  recovered  unchanged  when  this  solution  was  boiled  for 
twolve  hours  with  silver  oxide.  By  the  action  of  bromine  in  carbon 
disulphide  solution,  a  considerable  quantity  of  hydrogen  bromide  waft 
formed,  with  the  result  that  molecular  ruptdre  ensued.  On  evapOra* 
tion  of  the  solvent  and  purification  of  the  crystalline  residue  from 
ahsohol,  a  compound  crystallising  in  prismatic  needles,  melting  at 
110 — llS^'t'was  obtained.  As  the  substance  was  oompletdj  deooiii* 
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pO0ed  by  iklooholie  diver  nltiAtd  solution,  it  was  evidently  8 : 8-di» 
bromodeo^benioin, 

AcUom  of  M^ik^  AkoM  mid  Mjfdrog^n  Chhrkk^ 

Some  difficulty  wa«  experienced  in  carrying  out  this  experiment,  as 
at  moderate  temperatures  very  little  of  the  compound  remains 
diasolved  in  mothyl  alcohol,  and  thus  very  dilute  solutions  had  to  be 
used.  On  passing  hydrogen  chloride  into  such  a  solution,  a  white, 
crystalline  precipitate  gradually  formed,  which  proved  to  be  pure 
2-hydroxy-3  :  5-dimethoxytetraphenyltetrahydrofuran.  It  was  found 
necessary  to  keep  the  liquid  thoroughly  mixed  during  the  solution  of 
the  gas,  as  otherwise  benzU  was  formed  in  quantity,  whilst  the  spar- 
ingly soluble  precipitate  was  then  found  to  contain  tetraphenylf uran. 

Synihuia  of  tkt  CondenscUian  Cotnpounda  rom  DibenzoylslUbem, 

Seventy-five  grams  of  bensoin  were  mixed  with  90  e.e.  of  oon- 
oentrated  hydrochlorio  add,  and  heated  at  140^  for  ninety  minutee. 
The  erode  prodoet,  when  separated  as  nsoal  from  bensU»  amounted  to 
20  grams,  so  that  the  method  of  prolonging  the  heating  for  eight 
hours  (Japp  and  Klingemann,  Am.  eti.)  seems  to  be  unnecessary. 
The  oxidation  to  dlbeusoylstilbene  was  carried  out  by  Zinin's  method 
by  the  action  of  nitric  acid  in  acetic  add  solution. 

As  dibenzoylsUlbene  is  very  sparingly  soluble  in  methyl  alcohol,  a 
very  large  bulk  of  the  latter  was  required  to  effect  complete  solutioui 
even  at  the  boiling  point.  On  passing  dry  hydrogen  chloride  into  the 
boiling  solution,  white  crystals  separated,  which,  from  the  melting 
point,  appeared  to  consist  largely  of  tetraphenylf  uran.  The  roaction 
was  accordingly  repeated  at  a  lower  temperature  (30 — 40"").  Under 
these  conditions,  part  of  the  dibenzoylstilbone  invariably  separated  in 
the  crystalline  form  during  the  solution  of  the  gas.  The  yellow 
solution  subsequently  became  colourless,  and  the  undissolved  di- 
benzoylstilbene  rapidly  passed  into  solution.  This  was  almost 
immediately  followed  by  the  separation  of  a  microcrystalline,  white 
powder,  which  was  collected  in  separate  crops  from  time  to  time. 
The  first  portions  contained  both  2-hydroxy-3 : 5-dimethoxytetia- 
phenyltetrahydrofuran  and  a/J-dibenzoyl-a-methoxydibenzyl,  mixed, 
however,  with  unaltered  dibenzoylstilbene,  which,  although  it  re- 
tained its  original  melting  point,  was  now  quite  white;  the  later 
crops,  which  were  removed  from  the  strongly  acid  mother  liquors, 
consisted  almost  entirely  of  tetraphenylfuran. 

The  formation  of  the  two  condensation  prodncto  by  this  method  is 
important^  as  giving  ^n  inclez  ot  tbeur  probable  mode  of  formation, 
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but  is  mm  tedious  than  the  direct  preparation  from  benaoin,  end  tbe 
yields  are  poorer. 

We  have  already  ascertained  that,  daring  the  methylatioo  cl  eniKon, 
reaetions  ooear,  similar  to  those  described  in  the  jnesent  paper, 
and  we  are  therefore  extending  the  investigation  to  other  snbstitated 
benzoins. 

In  oondosion,  we  desire  to  express  onr  indebtedness  to  the  Ounegie 
Trust  and  to  the  University  Oourt  for  research  grants,  and  to  tbsnk 
Ph>fe880r  Purdie  for  his  interest  and  advice. 

Chemical  Reseauch  Laboratory. 
Ukitkd  College  of  St.  Salvator  and  8t.  Lson^kd, 
Univxbsitt  or  8t.  Akdrews. 


XCI. — A  New  General  Method  of  PrepafHng 
Diazonium  Bromides, 

By  Frederick  Daniel  Chattawat. 

Thb  more  solable  of  the  diasoninm  salts  cannot  oonvoniently  be 
separated  from  aqneons  solution  in  a  solid  form  by  the  device  d 
adding  alcohol  and  ether  originally  proposed  by  Oriess  {PkU.  IVam, 
1864,  154,  668),  and  are  generally  prepared  by  a  method  introduced  bj 
Enoevenagel  {Ber.,  1890,  23,  2994),  in  which  a^t  of  the  ammc^ 
suspended  in  alcohol,  is  diasotised  by  amyl  nitrite. 

The  few  diazonium  bromides  which  have  been  described  have  been 
made  by  this  method  (Ilantzsch,  J^er.,  1895,  28,  1748)  or  by  the 
intramolecular  rearrangement  of  bromo-substituted  diazonium  chlorides 
{]Jant7>sch  and  Smjlhe,  Ber.,  1900,  33,  005),  or  by  the  action  of 
bromine  on  diazoamino-compounds,  a  reaction  also  discovered  by 
Griess  (loc.  cit.,  672),  who  prepared  benzenediazonium  bromide  by 
adding  bromine  to  an  ethereal  solution  of  diazoaminobenzene  ;  the 
diazonium  bromide  separated  as  a  crystalline  powder,  whilst  2:4:6- 
tribromoaniline,  which  is  formed  at  the  same  time^  remained  dissolved 
in  the  ether. 

Although  bromine  quantitatively  converts  primary  aromatic  hydr- 
asines  into  the  corresponding  diasoninm  bromides  (Ghattaway,  Trans., 
1903,  93,  852),  the  reaction  is  not  altogether  convenient  for  preparing 
the  solid  salt^  as»  in  order  to  prevent  local  heating  consequent  on 
the  energetio  action,  a  very  low  temperature  has  to  be  maintained  if 
large  quantities  of  the  solvents  are  to  beiavoided. 
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A  vemarkaUy  eatj  method  of  preparing  these  sabstanoes  is,  how- 
ever, found  in  the  xeeetlon  between  primary  aromatie  hydzasinee  and 
the  oorreepondiDg  diawnlum  perbromidee. 

Primary  avomatie  hydrazines  reaet  quantitatively  with  the  diaso- 
nium  perbromides,  prodacing  diazonium  bromides,  thus  : 

^  R-N-Br    R-N-H    „R-N-Br    „  R*N-Br  ,,,, 

As  the  diazonium  perbromides  are  so  easily  obtained  in  the  solid 
state  by  adding  bromine  to  aqueous  solutions  of  diazonium  salts,  and 
as  they  can  be  kept  in  a  dry  atmosphere  for  a  long  time  without 
alteration  and  are  oomparatively  safe  to  handle,  the  reaction  afEords  a 
very  convenient  method  for  preparing  diaaonium  bromides  in  the  solid 
state. 

For  this  puiposey  it  is  only  necessary  to  suspend  the  finely-powdered 
perbromide  in  anhydrous  alcohol  or  aoetio  add,  and,  after  cooling,  to 
add  the  calculated  quantity  of  the  corresponding  hydrmstne,  also 
dissolved  in  the  same  solvent  andj  cooled.  The  diaionium  bromide 
either  separates  as  a  crystalline  powder  or  can  be  made  thus  to  separate 
by  the  addition  o!  ether. 

As  the  diazonium  bromides  are  very  deliquescent,  care  should  be 
taken  to  avoid  the  presence  of  water  in  the  solvents  used,  as  otherwise, 
on  the  addition  of  ether,  oily  liquids  separate,  which  are  only  brought 
into  the  crystalline  state  with  diHiculty.  The  reaction  appears  to  be  a 
general  one. 

jPr^MMraium  of  JSenztmdiazonium  Bramide  hy  tlie  Interaction  of  PAs»y^ 
hjfdraieim  and  Brntemdiazonhm  Ferbromide, 

6  9  Grams  of  benzenedia/.onium  perbromide,  very  finely  powdered, 
were  suspended  in  30  c.c.  of  absolute  alcohol  cooled  to  0°.  To  this 
were  added  1*08  grams  of  phenylhydrazine  dissolved  in  20  c.c.  of 
absolute  alcohol  and  similarly  cooled.  The  liquid  containing  the 
perbromide  was  rapidly  stirred  during  the  addition,  and  cooled  in  a 
f reeling  mixture^  the  temperature  never  being  allowed  to  rise  above 
lero.  The  orange^oloured  benzenediazonium  perbromide  was  gradually 
tranafonned  into  the  almost  colonrlees  diaaonium  bromide^  which,  when 
the  whole  of  the  hydrasine  had  been  added,  subsided  as  a  very  pale  yellow, 
erystalline  powder.  To  separate  the  whole  of  the  diasonium  bromide 
from  the  slightly  brown  mother  liquor,  100  cc  of  dry  ether  were 
added.  The  salt  was  then  collected,  washed  with  dry  ether,  and  dried 
0ver  sulphuric  add  in  a  vacuum,  light  being  excluded.  In  two  experi- 
ments canned  oat  as  above,  4*9  and  5*1  grams  of  benaenediasonium 
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bromide  were  obtained,  the  theoretical  yield  beipg  5*55  grams.  The 
purity  of  the  {iroduct  waa  oooftni^  by  w  eptinnfttiw  of.  thf  bmniiMi 

0-8866  gave  0-8976  AgBr.  Br»48*O0. 

C()Hr,N.^Br  requires  Br «  48*30  per  etmk 

A  quantity  was  also  converted  into  benzeneazo-jS-naphthol. 

Tlie  reaction  can  ))e  carried  out  equally  advantageously  in  presence 
of  acetic  acid.  6*9  CJranis  of  benzenediazonium  perbromide,  very  finely 
powdered,  were  suspended  in  12  c.c.  of  glacial  acetic  acid  and  cooled  as 
before.  To  this  was  added  108  grams  of  phenylhydraxiDe^  dissolved  in 
6  C.C.  of  acetic  acid,  care  being  taken  to  add  the  latter  so  slowly  that 
the  temperature  of  the  mixture  never  rose  above  zero.  The  perbromide 
gradually  disappeared  as  before,  and  a  white  deposit  of  the  diasoniiim 
bromide  eobaidedi  which  passed  into  solution  on  allowing  the  tempanb* 
tore  to  rise  slightlyi  a  pale  reddish-colonied  Uqnid  resolting.  One 
hundred'  o.e;  of  dry  ether  were  then  added,  when  the  beoieM- 
diaaonium  bromide  separated  as  an  ahnoet  white,  crystalline  powtei 
which  was  collected,  washed  with  ether,  and  dried  in  a  vacuum  ofer 
sulphuric  add,  light  being  excluded.  The  yield  reached  97  per  oeni 
of  the  theoretical.  The  purity  of  the  product  was  ascertained  ai 
before. 

Prtparaiim  ^  o-ShhmMoMonkm  BrmiUdt, 

This  was  prepared  in  a  precisely  similar  manner  from  o-toIasDB* 
diaaonium  perbromide  and  o-tolylhydrazine,  using,  however,  a  smaller 
quantity  of  alcohol  or  of  acetic  acid  and  a  larger  amount  of  etber. 
o-Toluenediasonium  bromide  separated  as  a  yellowish-white,  crystal- 
line powder,  which  dissolved  very  readily  in  cold  alcohol  and  oysUl- 
lised  in  faintly  yellow-coloured,  small  prisms  on  the  addition  of  ether. 
It  is  a  remarlodily  deliquescent  compound,  liquefying  after  a  Um 
minutes'  ei^sure  to  damp  air. 

Preparaium  qf  p-TcfuetMcftasomiim  jSromuis* 

^-Toluenediazonium  perbromide  and  ^-tolylhydrazine  react  similarly, 
producing  ;)-toluenediazonium  bromide,  which  dissolves  readily  in 
alcohol  and  separates  in  small,  faintly  yellow-coloured  prisms  on  the 
addition  of  ether.  It  is  extremely  deliquescent,  and  soon  liquefies 
if  exposed  to  moist  sir.  The  purity  of  this  and  of  the  preceding  com- 
pound was  established  as  before  by  estimating  the  bromin%  and  by 
converting  them  into  the  corresponding  tolnsneszo-ff*nsphthols. 

Both  the  tduenediaaomnm  bromides  are  so  deliquesosnt  that  they 
can  only  be  obtained  in  a  solid  state  if  anhydrous  solvents  are  used. 
If  any  water  is  present,  they  separate  on  addition  of  ether  as  sQy 
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llqiiidfl»  whidi  can  only  be  mado  io  eoUdify  with  difficnltj  by  diMoIving 
in  tmbydxoiis  alcohol  and  reprecipita^g  by  perfectly  dry  ether. 

p-Bromobepzeoediaioiiiiiin  bromide  has  been  prepared  similarly  from 
j^-bromobenienadlagopium  perbxomide  and  |»-bromopbeiiylhjdra»ne« 

The  thanks  of  the  author  are  due  to  the  Government  Grant 

Coiiiuiittee  of  the  Koyal  Society  for  a  grant  whicii  has  partly  met 
the  cost  of  the  material,  and  to  Dr.  Baker  for  allowing  him  the  uhq  of 
the  Christ  Chui'ch  Laboi-atory, 

Ohrist  ObosoHi 
Okfobd. 


XCII. — JAe  Absorption  Spectrum  of  Camphor. 

By  Walter  Noel  Hartley,  D.Sc,  F.R.S. 

With  a  view  to  determining  the  nature  of  their  atomio  absorption, 
▼ariocia  hcmocyelto  compounds  were  examined  and  compared  with  the 
spectra  of  bensene  and  its  derivatives,  both  with  regard  to  the 
intensity  of  the  general  absorption  and  the  presenoe  or  absence  of  an 
absorption  band.  The  typical  sabstances  for  comparison  were 
principally  the  hydroaromatic  hydrocarbons,  benaene  hezadiloride, 
camphor  oil,  camphoric  acid,  and  camphor  (Hartley  and  Huntington, 
Proe.  Roy.  Soe.,  1880,  31,  1 ;  W.  N.  Hartley,  Trans.,  1881,  39,  153.) 

It  was  pointed  out  that  any  one  of  the  formulaB  proposed  for  camphor 
and  camphoric  acid  at  that  time  would  bo  consistent  with  these 
subbtances  being  conipouiids  with  a  more  diactinic  character  than 
either  benzene  and  its  humulogues  or  the  terpenea.  Neither  camphor  oil 
nor  camphoric  acid  showed  any  absorption  band,  and  both  substances 
transmitted  the  ultraviolet  rays  more  freely  than  hydroaromatic 
derivatives.  Of  the  several  specimens  of  camphor  examined,  only 
three  were  described. 

No.  1. — Crystals  of  camphor  which  had  separated  from  camphor 
oil  boiling  between  200°  and  220"". 

No.  2. — A  specimen  of  the  finest  commercial  camphor,  which  was 
resublimed  prior  to  its  examination. 

3. — Fine  crystals  of  camphor,  spontaneously  sublimed  from  a 
quantity  of  the  solid  No.  3,  placed  in  a  capacious  bell-jar,  and  exposed  for 
many  days  to  the  action  of  sunlights  As  is  well  knownt  camphor  vapour 
condenses  on  the  sides  of  the  glass  most  ezpoeed  to  the  sun's  rays.  In 
this  instance,  the  best  crystals  obtained  were  5  mm.  in  length  by 
2*5  mm.  in  width,  of  perfect  transparency,  and  a  brilliant  appear^ 
anoe.  These  were  selected  for  examination.  The  specimens  No.  1 
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and  No.  2  exhibited  an  absorption  band  which,  on  account  of  its  feeble 
character  as  compared  with  bands  seen  in  the  spectra  of  benzene 
derivatives,  and  the  ease  with  which  dilution  caused  the  disappear- 
ance of  the  band,  was  thought  to  be  due  to  some  impurity. 

No.  3,  on  the  other  ixand,  transmitted  a  continuous  spectrum,  ''and 
was,  in  fact,  so  transparent  tliat  a  solution  in  ftloohol  containing 
l/500th  of  the  sabstance  transmitted  all  rays  less  tefiangible  than 
Cd  25.  This  far  ezoeeds  in  diactinio  qualify  the  namerous  spedmens 
of  terpenee  I  baye  ezamined," 

Having  made  propatations  in  the  summer  of  1907  for  re-eiamining 
this  sabstance^  I  became  aware  that  BaXj,  Marsden,  and  Stewart  had 
been  led  to  the  oondnalon  that  camphor  shows  an  absorption  band 
bat  camphoroxime  does  not  (Trans.,.  1906»  89,  979),  and  that  the  band 
is  attributed  to  the  '*  reactivity  "  of  the  oarbonyl  and  the  neighbouring 
GH,  groups.  These  authors  state  that  their  solution  was  ten  times  as 
strong  as  that  examined  by  me.  If  this  were  so,  but  of  that  I  am 
doubtful,  it  might  account  for  the  dilYorence  between  their  conclusions 
and  mine  with  respect  to  camphor.  As  the  matter  is  of  considerable 
interest,  I  have  for  my  own  satisfaction  continued  the  experiments 
which  had  been  projected. 

As  camphor  readily  forms  solid  solutions  of  substances  presented  to 
it  in  a  state  of  vapour,  it  was  difficult  to  obtain  it  quite  free  from 
minute  traces  of  such  compounds  as  would  affect  its  absorption 
spectrum;  but  the  refining  of  camphor  on  a  manufacturing  scale  has 
now  been  carried  to  a  state  of  great  perfection,  and  I  am  indebted  to 
Mr.  W«  £.  B.  Blenkinsop,  of  the  firm  of  May  and  Baker,  Ltd.,  of 
Battersea,  for  an  ample  supply  of  the  doubly-refined  material.  This  waa 
again  submitted  to  sublimation,  but  in  the  absence  of  sufficient  sunlight 
the  warmth  of  a  10-candle-power  electric  glow  lamp  placed  in  a  bell- 
jar  of  about  5  litres  capacity  was  substituted.  The  crystals  as 
deposited  were  observed  with  a  low  power  microscope ;  they  were  all 
in  stellate  groups,  with  the  exception  of  a  single  crystal  of  small  size. 
In  this  respect,  they  differed  from  the  large  crystals  ohtained  in  1881 
by  the  action  of  sunlight. 

To  ascertain  whether  the  crystals  were  homogeneous,  the  original 
sample,  the  resublimed  substance,  and,  lastly,  the  residue  remaining 
after  about  live-sixths  had  been  sublimed  were  each  examined 
separately. 

The  concentration  was  ten  times  that  usually  examined,  being  one 
centigram-molecule  in  100  c.c  of  absolute  alcohol. 
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M^atmnrnMUB  ofih»  Ahwrpiim  Band  Obmvid  in  Speoimena 
^  Camphor  SolfUiam  at  DifwmU  CcmeniratumB. 
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Camphor  No,  1. — ^Doubly  lefined. 

Thickness  of  layer  of  solution  in  mm. 


49 

25 

15 

10 

5 

VA 

Va 
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Rays  tituu- 

Bud 

Band 

mitted  to 

Venr  feeble 
3455 

3064 

3190 

3190 

3210 

to 
8886 

to 
872D 

to 
8682 

At  4  mm.  there  is  a  complete  transmission  of  all  rays  tQ  1/A  3d54| 
and  at  0*5  mm.  all  rays  are  transmitted  to  1/A  4673. 


CemphoT  ifo.  2. — Sample  No.  1,  resublimed. 

This  differs  but  yery  slightly  from  l^o.  1,  in  the  oontinaoiu  rays 
being  transmitted  feebly  between  1/X  345d  and  1/X  S693  in  a  thiok- 
neas  of  5  mm.,  whereas  in  No.  1  there  is  a  band  at  this  point. 

Camphor  No.  3.-^Besidae  from  No.  2,  after  sabliminaiion. 

The  photographs  differed  slightly  from  the  foregoing,  the  absorption 
band  being  somewhat  stronger  even  than  in  No.  If 

'  To  determine  mor^  aocorately  the  termination  of  the  band  and  the 
extent  of  the  transmitted  speotoom  beyond  this  pointy  the  instrument 
was  earef ully  focnssed  for  tiie  more  rtf rangiUe  rays. 


Concentra^i^  I  Qwiigraii^^ri^^  in  100  ex. 

Proportional  thicknesses 

Layer           of  solatioD  containing  Rays  tnuu* 

of]i(|uid       1  milligram  mn locale  Oi  Teimination  of  band.  mittedto 

examined.  10,000  c  .c 

49  mm.                  49,000  mm.  4176  4411 

89                       89,000  „  4087  4460 

30    „                    30,000   „  8817  4562 

20                         20,000    „  8817  4652 

10   „                    10.000    „  8685  4662 

6  „                   6,000  „  4671 
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Com  I.  Aoooidiiig  to  Baly,  MandflD,  tad  Stowan; 
Carre  11.  Hartley.— flunple  doubly  nfined. 


CmiceiUratioii,  1  Centigram-molecule  in  100  cc 

The  loss  refrangible  rays  were  aocarately  foenflsed  ao  as  to  give  the 
pontion  of  the  less  raf faagible  edge  of  the  band : 


LayoT 

of  licjuid 
exaramed, 
49  min, 

26 
16 
10 


Proporiioual  thicknesses 
of  sdntioii  eontaiaiiif 

1  niiltigi     ifiolcoola  in 

lO.ui''' 

49,000  mm. 
86,000  „ 
16,000  „ 
10,000  „ 


6,000 


8064 
SIM 
8100 
8S10 

Indieatioii  of  a  band  at  8^ 
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CmtMHMim  I  MUUgrmiMnoUotih  lit  100 
Foouflsed  for  the  more  refrangible  rajs  : 

Proportional  thii  kip  >^es 
Layer  of  .solntion  mntaiuiug 

ofliuuid      1  iuiliigiaiii-uiuitjcule  in  Terminiitiou  of  spectrum. 

niamiinNl.  10*000  e.«L 

10  BUB.  10.000  lOfll,  4673 

6   „  6,000   „  4673 

8   „  8,000   „  4673 

The  abaorpUon  band  and  the  carve  drawn  is  not  precisely  identical 
with  that  obMmd  by  Baly,  MandflQ,  and  Stewart^  and  thdr  oiirre 
has  been  intfoduoed  for  oomparison. 

The  spedmens  of  camphor  more  reoeiitly  eiamincd  tnuiamit  the 
rays  lying  beyond  the  band  more  freely, 

Ccnehuim, 

The  band  observed  in  the  spectrum  beioDga  to  camphor,  and  it  is 
aooonnted  for  by  the  jnztapontion  of  the  00  and  OH,  groups  in  the 

molecule. 

The  absorption  band  being  a  shallow  ome^  and  observed  only  in 
more  concentrated  solutions  than  those  of  bensene,  would  account  for 
its  not  being  photographed  in  solntions  containing  l/<H>Oth  of  camphor. 
The  wioiis  spscimsns  of  camphor  originally  eiamined,  with  the 
exception  of  that  deemhed  as  Na  9,  nndonbtedly  did  contain  an 
imparity  which  was  not  improbably  cymene. 

I  desire  to  express  my  thanks  to  Mr*  A.  G«  O.  Leonard^  A.B,G.8eiI.» 
for  the  care  he  has  exeretsed  in  taking  the  latter  photographs  and 
drawing  the  eorvesy  and  to  Ur.  W.  B.  B.  Blenkinsop  for  the  camphor 
presented  to  me. 

BOTAIi  GOLLBSl  or  SoiiaOB,  DUBUX. 
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XCIII. — T%e  Chemical  Action  of  Radium  Ermnalwn, 
Part  IIL    On  WcUer  and  Certain  Gases. 

By  AiiKXANDBR  Thomas  Cameron  and  Sib  William  Ramsay,  K.C.B. 

Thb  fixBt  paper  of  this  serieB  (Trans.,  1907,  91,  931}  oontaiiMd 
(p.  941)  a  table  of  measorements  of  the  rate  of  deoompoatimi  of 
water  by  radium  emanatioiL  The  curve  obtained  by  plotting  tbe 
rate  of  increase  of  the  gas  volume  against  time  was  not  eiponential; 
in  character  it  resembled  the  curve  representing  the  decay  of  the 
emanation,  but  its  period  of  half  value  was  2*63  days,  that  of  the 
emanation  being  3*86  days.  The  method  of  experiment  caused  a 
constant  change  in  the  ratio  of  the  volumes  of  the  gas  and  water 
phases;  this  probably  explains  the  discrepancy  observed.  It 
appeared  desirable  to  make  further  experiments  in  this  direction. 

An  apparatus  was  devised  in  which  both  gas  and  water  phases 
were  kept  constant,  the  cliauges  in  the  amount  of  gas  being 
read  by  the  pressure  it  exerted.  Under  such  conditions  the  eman- 
ation, if  it  obeys  Henry's  law,  should  divide  itself  in  a  definite 
ratio  between  the  two  phases,  and,  since  it  appears  certain  that  the 
medium  containing  it  does  not  affect  its  rate  of  decay  (see  Moore, 
Froc.  Hot/.  Soc.y  1908,  80,  A,  June),  the  ratio  of  emanation  in  the 
water  phase  to  emaTiatioii  in  the  gas  phase  should  remain  constant 
throughout  the  wliole  experiment. 

The  results  obtained  were  simple.  The  curve  showing  rate  of 
decomposition  was  exponential;  the  period  representing  the  total 
action  approximated  more  closely  to  that  of  the  half  decay  of  the 
emanation  (3*86  days)  the  more  exact  the  experimental  dat^. 

Similar  results  were  obtained  for  the  recombination  of  hydrogen 
and  oxygen,  and  these  were  so  successful  that  it  appeared  desirable 
to  extend  the  observations  to  other  gases.  Great  stress  cannot  be 
laid  on  the  quantitative  results  in  these  experiments;  they  must 
be  regarded  as  preliminary  investigations,  ^le  qualitative  results, 
however,  seem  to  be  of  sufficient  interest  to  merit  immediate 
publication. 

It  was  found  that  carbon  dioxide  is  decomposed  into  carbon, 
oxygen,  and  carHon  iqonoxidci;  carbon  monoxide  into  carbon, 
oxygeuy  and  carbon  dioxide;  ammonia  is  converted  in  considerable 
quantity  into  nitrogen  and  hydrogen;  the  component  gases  re- 
combine  in  less  amount  for  the  same  quantity  of  emanation  present. 
Hydrogen  chloride  is  decomposed  into  hydrogen  and  chlorine,  and 
tibie  absorption  of  the  latter  by  mercury  permits  measurement  of 
the  rate  of  action.   So  f^  the  only  gas  tested  in  which  the  action 
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of  the  emanation  was  not  discernible  is  steam,  this  being  particu- 
larly remarkable  iu  view  of  the  comparatively  rapid  decomposition 
of  water  in  the  same  circumstances.  In  all,  twenty  experiments 
have  to  be  recorded,  four  with  water,  five  with  hydrogen  and 
oxygen,  three  with  carbon  dioxide,  the  same  number  with  ammonia, 
and  single  experiments  with  carbon  monoxide,  hydrogen  chloride, 
nitrogen  and  hydrogen,  electrolytic  gas  at  130°,  and  steam  at  130°. 


Apparatm  and  Method  of  Experimeni, 

The  apparatus  used  for  most  of  the  experiments  was  a  modifica- 
tion of  that  described  in  a  previous  paper  (Trans.,  1907,  91,  1267), 
and  employed  to  measure  the  emanation 
itself.  It  is  shown  in  Fig.  1.  The  method 
▼ari6d  considerably  with  the  experiment. 
In  general,  the  gas  to  be  tested  was  taken 
tbxongh  the  inverted  siphon.  A,  into  the 
burette,  C,  and  then,  by  reversing  the 
stopcock,  B,  allowed  io  enter  the  rest  of 
the  apparatoB  (previously  pumped  empty 
throngh  F),  By  dosing  the  stopcock, 
H,  and  allowing  the  mercury  to  rise 
through  /,  the  amount  of  gas  in  the 
apparatus  could  be  gauged,  and  more 
added,  or  part  removed  through  the 
pump,  as  found  desirable.  Finally,  tiie 
apparatus  between  the  stopcock,  H,  and 
the  taking-in  burette  was  again  az- 
hausted   through   F.    The  electrolytic 
gases  containing  emanation,  which  liad 
accumulated  over  a  solution  of  radium 
salt  during  several  days,  were  introduced 
through  the  inverted  siphon,  and  ex- 
ploded in  the  burette,  C.    If  hydrogen 
was  one  of  the  products  of  decomposition 
of  the  tested  gases  (for  example,  with 
ammonia    or   hydrogen    chloride),  the 
residual  excess  of  liydrogen,  containing 
the  emanation,  was  forced  through  the 
apparatus    by    raising    the  mercury, 
caused  to  pass  through  the  phosphoric 
oxide  tube,  and  finally  added  to  the  gases  to  be  experimented  with 
through  the  tap,  H.    H  was  then  closed,  and  the  mercury  level 
raised  to  the  point      the  pressure  being  given  by  the  barmetrio 
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piMsnra  leM  tilie  diiforeiioe  of  level  between  N  and  tlie  mercmy  in 
ihe  reeemir,  0.  The  top  /  waa  eloeed.  Readings  were  taken 
daily,  and  usnally  extended  over  a  period  of  three  or  four  weeks. 

Wliere  not  hydrogen,  but  oxygen,  was  a  product  of  the  reaction, 
the  excess  of  hydrogen  was  exploded  with  about  its  own  yolnme 
of  oxygen,  an^  the  remaming  oxygen  and  emanation  added  in 
the  same  way. 

Where  the  method  differed  largely  from  that  described,  au 
account  will  be  given  under  the  heading  of  the  particular  experi- 
ment. That  employed  for  the  first  experiment  was  essentially 
different,  and  may  be  described  here.  No  phosphoric  oxide  tube 
waa  used  in  this  case  or  in  any  similar  case  when  water  or  a  gas 
absorbable  by  the  pentoxide  was  employed.  The  electrolytic  gases 
containing  the  emanation  were  exploded,  and  a  small  quantity 
of  water  taken  over  into  the  burette  along  with  the  excess  of 
hydrogen.  The  water  and  hydrogen  were  then  introduced  into  the 
bulb  £  (by  raising  the  mercury  reservoir  P),  and  water  and 
emanation  froaen  by  jacketing  with  liquid  air.  The  excess  of 
hydrogen  was  pnmped  off  through  F,  and  then  water  and  emanation 
forced  over  throngh  H  and  J  into  the  measuring  bulb  (Fig*  le)* 
The  point  N  was  set  against  the  lower  surface  of  the  wsteri  and 
the  stopcock  J  dosed.  In  this  way  the  gas  phase,  L,  and  the  water 
phase^  U9  were  definitely  fixed.  Daify  readings  were  taken; 
the  point  was  always  set  to  the  nnder  surface  of  the  water,  and 
the  presmre  read.  The  two  phases  thus  had  always  definite  con- 
stant ▼olnmes,  since  the  amount  of  water  decomposed  was  never 
great  enough  to  affect  its  volume  appreciably. 

Since  these  experiments  occupied  a  considerable  time,  it  wss 
convenient  to  perform  several  simultaneously.  Per  this  purpose 
tibe  measuring  bulb  K  was  replaced  by  an  apparatus  of  the  kind 
shown  in  Fig.  2.  The  bulbs  were  separately  filled  with  different 
gases  or  water,  and  the  taps  turned.  The  emanation  with  hydrogen 
or  oxygen,  as  found  desirable,  was  allowed  to  rise  to  the  level  A', 
when  it  divided  itself  according  to  the  volumes  of  the  tubes 
between  the  taps  and  the  horizontal  bend,  and  each  part  in  turn 
could  be  allowed  to  enter  its  special  bulb.  By  calibration  of  the 
tubes  afterwards,  it  was  found  possible  to  calculate  what  percentage 
of  the  total  quantity  of  emanation  was  employed  in  any  particular 
experiment. 

In  the  figure,  the  I>ulb  A  was  used  for  hydrogen  chloride.  Since 
the  formation  of  mercury  chloride  seemed  likely  to  render  readings 
against  a  point  difficult,  a  scale,  was  fixed  to  the  tube,  and 
the  mercury  level  altered  from  time  to  time.  A  cup-shaped  bulb 
was  employed^  the  depression^  F,  containing  mercury;  the  down- 
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ward  flow  of  mercury  vapour  thereby  produced  caused  much  more 
rapid  absorption  of  any  chlorine  liberated. 

Tube  B  contained  a  point,  and  was  packed  with  phosphoric  oxide 
enclosed  between  plugs  of  glass  wool.  It  was  used  for  dry  hydrogen 
and  oxygen  in  order  to  measure  the  total  recombination  produced, 
the  water  being  absorbed  as  fast  as  formed. 

Tube  G  only  contained  a  point,  and  was  of  the  type  Ufled  for 
ammonia,  carbon  dioxide,  and  carbon  monoxide. 

Tube  D  was  the  type  employed  for  the  final  experiments  with 
water.  The  water  was  introduced  through  the  nde-tube  H  from 
»  weighed  waah4K>ttle ;  the  amount  of  water  was  ascertained  by 


difference.  The  side-tube  was  then  sealed  with  the  blow-pipe.  In 
this  way  much  more  exact  measorements  were  obtained. 

In  order  to  convert  the  pressure  readings  into  exact  volume 
measurements,  it  was  necessary  to  calibrate  the  space  enclosed  by 
the  mercury  surface  set  at  the  point.  Where  possible  this  was  done 
by  filling  the  space  with  mercury,  which  was  then  weighed. 

For  the  later  experiments  with  ammonia  and  with  nitrogen  and 
hydrogen,  an  entirely  different  apparatus  was  devised.  This  in 
flome  ways  leads  to  more  oorrect  results,  and  it  obviates  the  neoes- 
ci  a  pump. 

By  raising  the  reservoir,  JT,  and  lowering  O  (Fig.  3),  and  drawing 
gas  from  and  by  turning  tiie  Bt«>peock  B  and  then  forcing  the  gas 
through  A,  the  apparatus  itself  serves  as  a  pump,  and  in  tins  way 
it  can  be  completely  filled  with  meEonry.  The  aetoal  burette  used 


Digitized  by  Google 


970      CAMERON  AND  RAMSAV  :  THE  CHEMICAL  ACTION  OF 


contained  points  as  at  />,  the  volumes  to  these  points  being  accu- 
rately known.  The  method  of  using  this  measuring  apparatus  has 
been  described  by  one  of  us  previously  (Proc,  Boy.  Soc.f  1905,  76, 
A,  113;  Trans.,  1907,  91,  939). 

The  gas  to  be  tested  is  taken  into  the  burette  through  the  in- 
verted siphon,  and  accurately  measured;  emanation  and  excess 
of  hydrogen  are  added,  and  the  total  volume  again  measured.  By 
reversing  the  iap      raising  the  reservoir  (r,  and  lowering  Ky  the 

gM  can  be  forced  into  E,  and  the  pressure 
read  as  usual.  The  tap  F  is  closed  except 
when  readings  are  being  taken.  Since  the 
original  volume  has  been  determined,  the 
space  E  to  the  point  U  is  thereby  imme* 
f-  diately  calibrated. 

/  Errors  in  some  of  the  earlier  experiments 

/if  1  are  considerable,  as  the  methods  employed, 

especially  in  calculating,  were  <mly  gradu- 
ally perfected,  particularly  as  regards  the 
measurement  of  the  water  space.  When- 
ever readings  were  taken  with  the  originsl 
apparatus,  bubbles  passed  up  through  the 
taps.  These  appeared  to  be  due,  not  to 
external  leakage,  but  to  the  action  of  a 
trace  of  emanation  trapped  at  the  taps,  on 
the  tap-grease ;  the  gas  was  probably  carbon 
dioxide.  As  the  emanation  decayed,  the 
size  of  the  bubble  diminished.  Finally,  no 
bubble  was  formed  ;  moreover,  in  tlie  experi- 
ments with  the  apparatus  in  Fig.  3,  where 
emanation  did  not  come  into  contact  with 
the  tap  Ff  no  such  phenomenon  occurred. 
As  far  as  possible,  the  pressures  were 
measured  before  and  after  a  bubble  passed 
up,  and  the  error  thus  eliminated. 

The  part  of  the  apparatus  in  Fig.  3 
below  the  dotted  line  could  also  be  iised  very  simply  to  calibrate 
tubes,  such  as  B  and  D  (Fig.  2),  the  nature  of  which  would  not 
permit  them  to  be  filled  with  mercury.  These  were  cut  off  below 
the  taps,  and  rubbered  on  to  the  capillary  tube  cut  at  L.  Mercury 
was  forced  up  into  B,  say,  and  set  at  the  pointy  the  pressure  being 
read  as  usuaL  Part  of  the  gas  was  then  drawn  into  (7,  the  tap  B 
turned,  and  the  gas  below  measured,  then  rejected  through  A, 
Finally,  the  mercury  was  again  set  at  the  point  in  J9,  and  the  pres- 
flttxe  again  read.  The  difference  of  presmire  (Pp-  P)  was  that 
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exerted  by  the  amouut  of  gas  measured  (F,  say),  so  that  the  volume 

V  760 

of  ^  io  the  mercory-point  surface  is  given  by  -j^ — 5* 

In  the  detailed  account  of  the  experiments  which  follows,  it 
has  been  found  convenient  to  give  the  amount  of  the  emanation 
used  in  terms  of  the  amount  produced  from  one  gram  of  radium 
(metal)  in  3'86  days.*  This  quantUy  is  called  E.  In  all  cases  the 
pressure  readings  have  been  corrected  for  expansion  of  mercury 
and  gas  to  0^  and,  where  necessary,  for  the  vapour  pressure  of 
water. 

Experiment$  with  Water  and  with  Hydrogen  and  Oxygen. 

?J  rperiment  1. — The  method  employed  has  been  indicated  (p.  968). 
The  tube  was  calibrated  by  mercury,  and,  since  the  water  space  was 
not  large,  the  error  in  this  calibration  is  certainly  not  negligible. 
The  result  gave  iras  space  1*267  c.c,  water  space  0*291  c.c.  The 
amount  of  emanation  used  was  that  collected  during  six  days  from 
a  solution  containing  101  milligrams  of  radium  bromide  and  10 
milligrams  of  radium  sulphate.  This  is  equivalent  to  0*0806  E. 
In  the  fourth  and  hfth  columns,  Tqq  is  the  final  volume,  Vo  the 
initial  volume,  and  Vt  the  volume  at  time  L 


Time 
iu  days. 

PressTire 

Volume 

100^"  ~ 

logfl00j^« 

in  mm. 

in  c.c. 

^co  ~  y» 

0 

9-0 

0-015 

0-766 

100 

2  000 

1*06 

0116 

0-665 

86*8 

1*938 

1-98 

90  0 

oir.o 

0-631 

82-4 

1-916 

3-04 

166-8 

0-277 

0*504 

65-8 

1-818 

4*08 

389*1 

0*877 

0*404  ' 

62*7 

1*722 

6-08 

269-7 

0-450 

0-381 

43-2 

1  -635 

6  04 

305-5 

0-509 

0-272 

35-5 

1-550 

7-21 

S45-4 

0-576 

0*205 

26*8 

1*428 

7-92 

860*0 

0*600 

0*181 

28*6 

1*878 

9  00 

377-3 

0-629 

0-1. •)2 

19*8 

1-297 

10  04 

395-9 

0-659 

0- 1-2*2 

15  9 

1-201 

11  05 

409-4 

0-682 

0  099 

12  9 

1-111 

1210 

418-0 

0*697 

0-084 

11*0 

1041 

12-98 

428  3 

0-714 

0  067 

8-7 

0-939 

U'08 

436*4 

0-728 

0*068 

6-9 

0-839 

16-OS 

488*0 

0-780 

0051 

6-7 

0*826 

17-09 

450-0 

0-750 

0-031 

4  0 

o-r,02 

18-12 

455-3 

0-759 

0  022 

2-9 

0-462 

19-01 

458-6 

0  765 

0-016 

21 

0-322 

fi0*08 

460*4 

0-768 

0*018 

1*7 

0*280 

21-02 

459-5 

0-766 

0015 

2  0 

0-301 

21-91 

467-7 

0-763 

0  018 

2-3 

0*862 

106  0 

468*5 

0-781 

0-000 

0-0 

•  In  ex|>criraents  1,  2,  5,  6,  and  7,  the  emanation  was  obtained  from  101  milli- 
grama  of  i-a(iium  bromide  and  10  milligrams  of  radium  Bulj«hate  ;  in  the  remaining 
experiments,  from  a  mixture  of  radium  bromide  and  carbonate,  corresjionding  witli 
481  millignuni  of  bromida.  The  cslouktioiii  an  bsMd  on  tho  SMUiiplaoiis  that  tho 
fomiiltt  BsBrt,2Hp  and  BS8O4  are  eomol,  tbat  fbo  atomio  wd^t  of  ndinm  ]s 
826*5,  and  that  tho  period  of  lislf  decaj  of  the  emanation  b  8*86  dsji. 
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The  curye  obtained  by  plotting  tlie  figOM  in  the  fifth 
against  the  time^  and  the  logarithmie  ennte  (aizth  column  agaiut 
time)  are  shown  in  Vig,  4.   Their  signifieanoe  will  be  oomddeied 
later. 

Fxperimeni  2.— The  experiment  was  one  of  three  conducted 
simnltaneonsly.  Water  was  introduced  into  the  measnnng  bulb 


DecojnposUion  qf  toaier. 


Time  in  day». 


0  PoinU  in  Ezperimont  1.         x   PoiatB  in  Bacperinieiit  S. 

Fia.  i. 

before  sealing  it  to  the  apparatus,  and  the  height  of  water  read  and 
afterwards  calibrated  with  mercury;  the  error  in  this  case  is  pos- 
sibly large.  The  mixed  electrolytic  gases  containing  emanatioii 
were  admitted  after  exploding  a  portion  of  them,  there  being  there- 
fore a  slight  excess  of  hydrogen.  The  emanation  used  was  equiva- 
lent to  0*050  E.  The  gas  space  was  3*297  c.c,  the  water  space 
0*427  C.C. 
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T  01111110 

100  "" 

IB  VU^rn* 

in  niiu. 

■ 

ID  C.C. 

0 

682*2 

2*742 

0*110 

100  0 

0*89 

668*2 

A  .AAA 

2*863 

0*201 

182*7 

1*07 

^A 

668*9 

2*868 

0*226 

206*4 

1'96 

AAA  .A 

632 1) 

2*741 

0*109 

99*1 

A  .A  4 

627 '9 

2*724 

0*092 

83  6 

8'80 

624  9 

2*710 

0  078 

70*9 

4*80 

682*0 

t%  AAA 

2*698 

A  .AAA 

0*066 

A  A  .A 

60*0 

6  "80 

nl9*4 

2*687 

0  055 

50*0 

A  .  A  O 

9-88 

AAA  .  J 

609*4 

2*643 

0*011 

10-0 

I  1  .At 

II  91 

612*4 

2  657 

A  .  A  A  ^ 

0*025 

22  7 

lS-80 

607  1 

2-633 

0  001 

0*9 

15  00 

6091 

2*642 

0-009 

8*2 

1579 

604*1 

2*620 

16-86 

607-6 

2-6S8 

0*006 

6*6 

SI '89 

606*7 

2*682 

0*000 

0*0 

Tlift  Molti  are  irregnlsr,  and  the  iviiole  ▼olmne^umge  small. 
The  curve  obtained  by  plotting  the  figures  in  columu  5  against 

time  is  shown  in  Fig.  4a. 

The  gases  were  analysed  at  the  conclusion  of  the  experiment, 
with  the  following  result: 

Hydrogen    1*815  c.c. 

Ozygeu   0  634  „ 

NitrafBoaadcarboiidiozld^   0*016  „ 


Total  volume   2*465  ,, 

A  trace  of  gas  not  pumped  off  would  acoount  for  the  difference 

in  volume. 

Exfenment  8. — ^Tho  etzperiment  was  one  of  three  conducted 
simultaneously.  Water  was  pipetted  into  the  bulb»  as  described 
prenously,  from  a  minute  wadi-bottle,  and  the  amount  ascertained 
by  weighing  the  bottle  before  and  after.  The  whole  bulb  was 
calibrated  afterwards,  the  gas  and  water  Tolumes  being  exactly 
known.  (Gas  space,  3*789  cc;  water  space,  2'302  c.c.)  The 
emanation  was  introduced  with  excess  of  oxygen,  and  was  equivalent 
to  0*062  E.  At  the  end  of  ten  days,  considerable  leslEage  unfor- 
tunately occurred.  The  real  final  value  was  accordingly  determiped 
by  extrapolation. 


Time 

Pressare 

Volume 

100  ^* 

Vm  - 

log  100  p. 

in  dayt. 

in  nun. 

in  e.e. 

0 

80-9 

0-200 

0-390 

100 

2  000 

0*25 

42*5 

0*212 

0-878 

96*9 

1-986 

081 

49*7 

0*248 

0*842 

677 

1*948 

0*22 

62-6 

0*262 

0*828 

84-1 

1*926 

1-80 

62*8 

0-SlO 

0-280 

71-8 

1*856 

2*80 

71-8 

0-858 

0*232 

59-5 

1*774 

3  81 

80*5 

0*401 

0*189 

48-5 

1*685 

4*81 

66*4 

0-431 

0-159 

40-8 

1*610 

5-81 

90-4 

0-451 

0*139 

85-6 

1*552 

6*81 

97  0 

0  484 

0106 

27*2 

1*434 

10*07 

107-9 

0-688 

0*062 

18*8 

1*126 

«o 

(0*690) 

0*0 
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The  gas  wM  analTsed,  mod  Umnd  to  oontiiii  0*272  ex.  of  ozjgoi 
(after  deducting  the  amount  due  to  air  leakage),  and  0*343  cc  of 
hydrogen,  giving  a  total  volume  of  0*615  cc.,  which  agreet  fairly 

closely  witb  the  extrapolated  value. 
The  curves  arc  shown  in  Fig.  4. 

A  further  experiment  was  carried  out  in  tlic  same  way.  At  the 
end  of  six  days,  a  vacuum  was  created  below  the  tap  (Fig.  2,  D), 
and  a  cle^r  passage  to  the  pump  was  left;  the  tap  was  turned  for 
about  two  seconds.  The  gas  below  the  tap  was  then  pumped  off, 
and  readings  continued  for  eleven  days  more.  The  change  of 
volume  in  the  second  part  of  the  experiment  was  much  slower 
(0  058  c.c.  in  the  eleven  days,  as  compared  with  0  728  c.c.  in  the 
first  six  days),  proving  that  the  emanation  makes  its  escape  from 
the  water  phase  to  a  vacuum  above  almost  instantaneously.  The 
first  curve  was  not  exponential,  but  there  were  an  insufficient 
number  of  points  to  determine  its  nature  accurately. 

BxperimefU  4  (Moiii  Hydrogen  and  Oxygen), — ^The  electrolytic 
gases,  with  emanation,  were  exploded  down  to  reasonable  bulk,  and 
introduced  into  the  measuring  bulb.  Thej  contained  therefore 
excess  of  moisture  tliroughout  the  experiment.  The  emanation 
corresponded  with  0*093  £.  The  volume  of  the  measuring  tube  wsi 
2186  cc. 


Time 
in  days. 

Picssnre 
ill  iiini. 

Volume 
in  c.c. 

log^. 

0 

523-5 

1-505 

0-668 

100 

2  000 

0-03 

519-8 

1-495 

0-658 

98-5 

1  993 

1-02 

487  0 

1-401 

0-564 

84*4 

1*926 

2  07 

442-0 

1-271 

0*434 

65  0 

1-813 

807 

405-6 

1167 

0  330 

49*4 

1-694 

4*18 

884*6 

1*108 

0*989 

40*8 

1*805 

4-99 

369-5 

1-063 

0-226 

33-8 

1-629 

6-11 

352-2 

1-013 

0-176 

26-3 

1-420 

7-07 

343-5 

0-988 

0151 

22-6 

1*354 

8*11 

891*4 

0*994 

0*087 

18-0 

1*114 

10-16 

319-3 

0-919 

0  082 

12-3 

1090 

11-04 

31 6 -6 

0-911 

0  074 

111 

1045 

1210 

312  3 

0-898 

OOol 

9-1 

0-959 

97-0 

891 -0 

0*887 

0*000 

0-0 

The  eurves  are  shown  in  FSg.  6. 

Experiment  6  (Maiit  Hydrogen  and  Oxygen), — This,  exactly 
similar  to  the  previous  experiment,  was  one  of  three  conducted 
simultaneously.  The  amount  of  emanation  was  equivalent  to  0*035 
E.  The  volume  of  the  measuring  tube  was  2*79  cc. 
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0  5  10 

Time  in  days. 

0  Fdnto  in  £zperim«it  4.         x    Pointa  in  Experiment  6. 

irio. 


Time 

Presaure 

Volume 

in  daja. 

in  mm. 

in  O.C. 

0 

2078 

567*4 

2-047 

l-O? 

668-0 

2-049 

1-96 

651-4 

2*026 

2-84 

645-0 

2-002 

8*80 

638  0 

1-976 

4-80 

531-2 

1-951 

6-80 

6247 

1-927 

9-88 

610-8 

1*878 

11-91 

609-3 

1-871 

18-80 

506-5 

1-860 

1600 

602-1 

1*844 

16-79 

604*0 

1*861 

16-85 

605-6 

1-857 

21*89 

604-8 

1-862 

0*221  100  2  000 

'  0-195  88-2  1-945 

0  197  89*1  1*960 

0  173  78*8  1'894 

0*160  67-9  1-882 

0-124  56  1  1-749 

0  099  44-8  1-651 

0075  «8*»  1-680 

9  024  10-8  1037 

0019  8-«  0-934 

0  008  3-6  0-566 


0-005  2-7  0-4ai 

0*000  0*0 
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The  curves  are  shown  in  Fig.  5.  The  gases  were  analysed,  with 
the  result: 

Hydrogen   1*268  cc. 

OangMi    0  679  „ 

Ninogsa  and  oaiboB  dkuddA    0  008  „ 

Total  Tolame    1*840  „ 

The  measured  and  final  volume  thus  agree  very  elofldly. 

Ex'perimtnt  6  {Dry  Hydrogen  and  Oxygen). — The  method  was 
that  usually  employed,  the  measuring  tube  containing  phosphoric 


0  8  10  16  90 


Timt  in  day$, 

0  PoinU  in  Sxperinient  6.  x  PoinU  in  Espttimnt  7. 

•  Points  in  SsptfisMat  8. 

Iio»  9. 

oxide  (as  in  Big.  2).  Ths  amount  of  enumalioii  nssd  was  6qiivr»> 
knt  to  0-044  B.  The  yolnms  of  tlie  tabs  was  4*996  as. 
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Time 
in  days. 

Pressure 
in  mm. 

Volnmo 
in  c.c. 

log  Q. 

0 

677*6 

8*798 

0*666 

100 

2*000 

0'89 

560-6 

8*686 

0*443 

79 '8 

1*802 

107 

564*1 

8*709 

0-466 

84*0 

1*924 

1*96 

652*4 

8*681 

0*388 

69*9 

1*844 

S'84 

646'9 

6*606 

0*852 

68*4 

1*802 

8*80 

535*6 

8*522 

0*279 

50*3 

1*702 

4*80 

530*2 

3*485 

0  242 

43-6 

1*639 

6*80 

621  -6 

3*428 

0*185 

33-3 

1*522 

9*88 

605-6 

3-321 

0  081 

14*6 

1-164 

11-91 

602-8 

3-305 

0-062 

11*2 

1*049 

13*90 

496-4 

8*264 

0*021 

8*8 

0*680 

16-00 

496<9 

8*S67 

0*024 

4*8 

0-688 

15*79 

600*2 

3-288 

0-045 

81 

0-908 

16-85 

501-7 

8*297 

0  054 

9*7 

0*987 

21*89 

493*3 

8*243 

0000 

0*0 

The  ctirveB  an  ahown  in  Fig.  6.  Analyvs  of  tbe  gag  gaire  tha 
xeiiilt: 

Hydrogtn   2*267  ae. 

Oxygen   1  004  „ 

Nitrogen  and  carbon  dioxide    0*019 

Totel  volume    8*296  „ 

Hera,  alio^  tliare  la  a  eloea  agiaament  batwaen  tlia  maaauiad  and 
the  calenlatad  Tolumai. 

Experiment  7  {Dry  Hydrogen  and  Oxygen). — ^The  experiment 

was  one  of  three  conducted  simultaneously.  The  tube  was  filled 
with  electrolytic  gas,  and  oxygen,  containing  emanation  equivalent 
to  0103  £,  was  added.  The  volume  of  the  tube  was  3*432  c.c. 
at  N.T.P. 


Time 
in  days. 

Pressure 
in  mm. 

Volume 
in  C.C. 

-  . 

OxslOO 

log  Q. 

0 

844-2 

1*551 

0  526 

100 

2000 

0*02 

848*8 

1*640 

0*624 

00*6 

0  04 

344*3 

1*662 

0-527 

100-2 

0-06 

844-8 

1*667 

0*682 

101*1 

0*07 

344-8 

1*557 

0  532 

101*1 

0*09 

848-6 

1*661 

0*626 

100*0 

0*11 

843*9 

1-553 

0*528 

100*4 

0*21 

842  0 

1-545 

0-520 

98*8 

0*26 

841*8 

1*644 

0-519 

98*7 

0-20 

840*6 

1*538 

0-513 

97-5 

0-81 

830-4 

1*490 

0*465 

88-4 

1*946 

0*92 

329-8 

1*488 

0*463 

88  0 

1-944 

1*80 

612*1 

1*410 

0*886 

78*2 

1*6«€ 

2*80 

200*6 

1*856 

0*331 

62*0 

1*799 

3*81 

289*7 

1*310 

0-285 

54*2 

1*734 

4-81 

280*4 

1*268 

0  243 

46-2 

1-665 

6*81 

271*2 

1*280 

0-206 

89*0 

1*691 

6-81 

266*7 

1*202 

0*177 

86*7 

1*528 

10  07 

251-9 

1*138 

0113 

21  0 

1*322 

14-84 

243*8 

1098 

0  078 

13  9 

1*148 

10*88 

231*7 

1*047 

0*022 

4*2 

0*623 

28*84 

227*9 

1-031 

0*006 

1*1 

0*041 

26*60 

226*6 

1*025 

0  000 

0*0 
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The  bubbles  passed  up  through  the  tap,  and  measured  (by  differ 
ence  in  pressure)  throughout  the  experiment  were  in  all  0  026  c.c. 
"  (actual  final  volume,  1051).     The  gas  was  pumped  off  and 
analysed: 

Hydrogen    0*586  c.c. 

Oxygen   0'415 

Carbon  dioxide   0*028  „ 

Totul  volume    1'024  „ 

The  curves  are  shown  in  Fig.  6. 

Experiment  8  (Dri/  Hydrogen  and  Oxygen). — ^This  was  carried 
out  in  exactly  the  same  way  as  experiment  7.  The  tube  was  EUed 
with  electrolytic  gas  of  more  than  9d  per  cent,  puxitj.  The 
emanation,  equivalent  to  0*063  was  added  with  exoen  of 
hydrogen.  The  volume  of  the  tube  was  1*666  c.c. 


Time 
in  days. 

Presanre 

in  mm. 

Yolnme 
ine.e. 

log  Q. 

0 

469*2 

0-967 

0-476 

100 

2-000 

0*017 

469  1 

0*967 

0  476 

100 

0'7S 

448*8 

0*021 

0*480 

00*8 

1*988 

1*93 

397*8 

0-820 

0-820 

80*1 

1*839 

273 

382-8 

0-789 

0*298 

62*6 

1-797 

8-75 

360-2 

0-743 

0*252 

52*9 

1-728 

5-80 

826*4 

0*871 

0*180 

87*8 

1*67? 

9*77 

280-7 

0-679 

0-088 

18-6 

1-267 

13*78 

268-0 

0-553 

0  0fi2 

180 

1114 

18-76 

244  1 

o-6oa 

0  012 

2-6 

0-398 

28*88 

241-4 

0*484 

0-008 

0*8 

1778 

28*78 

839-8 

0*481 

0-000 

0-0 

The  gases  were  not  analysed.  The  eurves  are  shown  in  6. 

It  is  now  necessary  to  consider  the  significance  of  the  results 
shown  by  the  curves  in  Figs.  4  to  6.  The  emanation  decays  accord- 
ing to  the  equation: 

and  falls  to  half  valuf^,  according  to  Sackur's  determination,  in  3-86 
days.  In  experiments  4  to  8  the  volume  of  gas  has  decreased  con- 
tinuously, hydrogen  and  oxygen  uniting  to  form  water.  The  value 
(Fo-T-^)  represents  the  whole  effect  of  the  emanation,  the  total 
quantity  of  gas  combined.  It  corresponds  with  the  "total 
quantity  of  emanation  acting.  At  any  time  the  amount  lasoom- 
hined  is  given  by  ( Vo  -  Vt).    It  corresponds  with  the  amount 

of  emanation  which  has  decayed  up  to  time  (.  The  quantity  (Ft  -  )» 
is  the  amount  of  recombination  still  to  take  plaoe^  to  he  brought  about 
by  the  emanation  still  undeesjed,  v%.  If  ,the  emanalilon  piodiiQ(i4  an 
eifoot  proportumai  to  the  amount  pressnt^  then 
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from  which  ii  follows  that 

(I) 

where  k  should  have  the  same  value,  and  consequentlj  the  timo  of 
half  action  (constant -r  X)  should  be  3  86  days. 

Exactly  the  same  reasoning  applies  to  the  figures  in  experiments 
1 — 3.    In  theso,  the  amount  of  ga3  is  continually  increasing;  - 
repments  the  total  change  equivalent  to  Vo ;  {V^  -  Vt)  ropiesents  the 
ehange  yet  to  be  produced  after  time  t,  corresponding  with  the 
emanation  jet  nndecayed,  V| ;  wherefore,  simiiarly  to  (1), 

]^EJl^-«-«.  (2) 

The  values  in  the  fifth  columns  have  all  been  obtained  by  taking  the 
totiil  change  of  volume  (Vq-  )  as  100,  the  sixth  column  containing 
the  corresponding  logarithms.  The  fact  that  the  points  on  the 
logarithmic  curves  in  Figs,  -i  to  6  lie  fairly  closely  on  straight  lines, 
shows  that  the  equations  (1)  and  (2)  actually  hold  for  some  constant  A. 

The  following  table  shows  that  the  time  of  half  action,  T,  approxi- 
mates to  3 '86  days.  It  has  been  determined  graphically  from  the 
corves*  is  the  initial  pressure,  and  the  final  pressore  \  their 
difference  gives  some  criterion  of  the  relative  accuracy  of  each  experi- 
ment. Ve  is  the  volume  of  gas  which  would  be  decomposed  or  reoom- 
bined  by  JS  c.c  of  emanation  (p.  971). 


No.  of 

Gm 

Water 

Amount 

ozperi*  (/^-Pm 

).  7. 

pbaso. 

phase. 

of  tmana- 

meot 

mm. 

c.c. 

days. 

X. 

e.0. 

c.c. 

tion. 

c.  c. 

1 

459-6 

0766 

8*35 

0-207 

1-27 

0  29 

0-081E 

9-46 

2 

0110! 

8-80 

0-48 

0-050E 

(2-20) 

8 

84*7 

0-390 

3-47 

8-79 

2-80 

0  062E 

6-29 

4 

232-5 

0-668 

3-40 

0-204 

2-19 

small 

0-093E 

7-18 

6 

ftO'2 

0*221 

4-37 

0-159 

2-79 

small 

0  025E 

8-84 

6 

84-8 

0-555 

4*08 

0-170 

5-0 

0-044B 

12-61 

7 

117-4 

0-526 

4-30 

0-161 

3-43 

0-103E 

5  01 

8 

229-6 

0-476 

4-08 

0071 

1-57 

0-058E 

7-56 

3-86 

8*88 

0*1795 

The  fact  that  the  mean  value  for  T  exactly  coincides  with  the 
theoretical  value,  of  course,  has  no  real  significance,  since  the 
graphic  determination  is  certainly  not  correct  to  the  second  decimal 
figure.  It  will  be  observed  that  experiments  2,  3,  6,  and  7, 
where  the  points  do  not  lie  well  on  the  curve,  rej) resent  small 
changes  of  pressure  and  large  experimental  errors.  The  converse  is 
true  for  the  other  experiments.  Since  the  experiments  give  ex- 
ponential curvee,  the  constants  of  which  approximate  to  those  for 
the  emanation,  it  would  appear  that  in  any  experiment  the  chemical 
action  produced  hy  the  emanation  is  strictly  proportional  to  the 
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amoont  pnaent,  and,  fnrtiiery  that  every  maleeide  of  enumaiion 
diiinteffrating  produeee  a  definite  ehemieai  effect.  But  in  experi- 
menta  6  to  8,  whieh  ihonld  be  eompaimble,  the  gem  in  each  case 

being  dry  hydrogen  and  oxygen,  and  the  condition  of  experiment 

the  same,  the  total  recombination  efiFected  varies  within  wide  limits 
(calculated  for  E  between  5  01  and  12  62  c.c).  This  points  to 
some  other  factor  than  the  emanation  playing  a  part  in  the  chemical 
action.  Excess  of  one  of  the  constituents  may  produce  an  effect. 
Pr^ure  appears  to  be  without  effect.  The  curves  remain  exponen- 
tial during  large  changes  of  pressure.  It  seems  more  probable  that 
the  surface  is  the  unknown  factor.  It  varies  from  experiment  to 
experiment,  but  remains  constant  during  any  one  experiment 
The  rate  of  change  is  consequently  not  affected,  but  the  total  change 
is  altered.  Since  in  these  experiments  the  surface  is  large,  duo  to 
the  presence  of  phosphoric  oxide,  they  are  unsuitable  for  the  deter- 
mination of  the  part  played  by  it  in  the  reaction.  In  experiments 
4  and  5^  where  the  gases  were  moist  and  the  surface  was  small, 
since  plain  measuring  tubes  were  employed,  the  agreement  is  modi 
oloser. 

We  have  assumed  that  the  emanation  obeys  Henxy'a  law»  and 
divides  itself  in  a  constant  ratio  between  the  gas  nnd  water 
phases,  as  in  the  first  three  experiments.  The  recombinatiaii 
elfocted  in  the  gaseous  phase  follows  an  exponential  law  (ezpeii- 
ments  6  to  8).  The  volume  changes  measured  in  ezperimsofti 
1  to  3  are  the  differsnoes  between  deoomposttion  in  the  water  phsw 
and  recombination'  in  the  gas  phase.  They  also  obey  the  ssms 
exponential  law.  It  follows  that  "the  decomposition  in  the  water 
phase  mnst  also  follow  that  law.  The  data  are  still  inswfflcient  to 
ealenlate  the  ratio  in  whieh  the  emanation  divides  itself  between 
gas  and  water.  It  is  necessary  first  to  find  some  method  ol  dete^ 
mining  the  extent  to  whieh  surface  plays  a  part  in  the  reaction. 
The  data  of  the  first  three  experiments,  however,  indicate  that, 
volume  for  volume,  the  emanation  produces  a  far  greater  effect 
in  the  liquid  phase  than  in  the  gas  phase. 

The  causes  underlying  these  changes  will  be  discussed  at  the 
end  of  this  paper  (pp.  990,  992). 

Some  rough  measurements  have  been  made  of  the  total  volume  of 
electrolytic  gas  obtained  from  the  solution  of  radium  bromide 
containing  0'231  gram  of  radium  as  metal.  The  results  are  tabu- 
lated: 

Time  of  collection 
in  hours. 

22 
70 
M 
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Volume  of  gas 
in  c.c 
7-5 
20  0 
29-4 


Voliurto  per  gram  Ra 
per  100  liours. 

148 
123 
182 
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It  seems  that  there  ia  gradual  increase  of  recombination  in  the 
gas  phase,  as  the  amount  of  emanation  in  that  phase  increases. 
The  corresponding  figure,  60  c.c,  calculated  from  results  already 
published  (Trans.,  1907,  91,  934:  mean  result,  32  c.c.  per  gram 
of  radium  bromide,  RaBr2,2H20),  ia  quite  different.  Here,  again, 
it  appears  that  surface  plays  a  considerable  part  in  the  amount 
of  reaction. 

« 

Bxperimenii  with  the  Oxides  of  Carbon, 

These  can  only  be  regarded  as  preliminary  and  qualitative. 
Experiment  1. — Four  days'  Accmnulation  of  electrolytic  gas  and 
emanation  from  0'231  gram  of  radium  (metal)  as  bromide,  allowed 
to  decay  during  one  day,  was  exploded  down ;  the  residual  gas-  was 
mixed  with  a  small  quantity  of  carbon  dioxide,  and  cooled  to  — 185® 
by  means  of  liquid  air;  the  hydrogen  was  then  removed  by  pump- 
ing. After  the  temperature  had  risen,  the  carbon  dioxide  and 
emanation  were  forciad  into  a  small  measuring  tube  (eapadtj, 
0'1197  CO.)  and  readings  taken.  It  was  thonght  probable  that 
the  dioxide  would  decompose  into  carbon  monoxide  and  oxjgiut, 
and  that  the  increase  of  volnme  would  be  measnrable.  On  the 
contrary,  the  gas  contracted  yery  slightly  in  volume  (from  0*0907 
to  0*0870  cc  in  three  days),  and  a  black  ring  of  carbon  b^an  to 
deposit  immediately,  just  above  the  mercury  surface.  After  the 
third  day,  no  rea^gs  could  be  made,  on  account  of  this  carbon 
deposit,  and  at  the  same  time  owing  to  the  formation  of  an  appre- 
ciable quantity  of  mercuric  oxide  at  the  mercury  surface. 

BxperimetU  2. — Four  days'  accumulation  of  emanation,  from 
0*2307  gram  of  radium  (metal)  as  bromide,  was  separated  as  pre- 
viously, and  used  to  treat  a  much  larger  quantity  of  carbon  dioxide. 
An  exactly  simiiar  result  waa  obtained.  A  ring  of  carbon  above 
the  mercury  surface  was  distinctly  noticeable  before  the  end  of  the 
first  day,  and  gradually  increased  in  thickness.  The  volume  slowly 
decreased  (in  three  days  from  0*592  to  0*581  c.c).  The  gases  were 
afterwards  pumped  off,  pure  oxygen  introduced,  and  the  tube 
heated  to  300 — 400°.  The  carbon  burned  away  quietly,  the  volume 
remaining  unchanged.  The  tube  was  broken  before  the  carbon 
dioxide  could  be  measured. 

Experiment  3. — Carbon  monoxide  was  prepared  from  formic 
ncid  and  sulphuric  acid.  It  was  introduced  into  the  apparatus  in 
the  usual  manner,  emanation  and  oxygen  being  added  (the  experi- 
ment was  one  of  three  conducted  simultaneously).  The  emanation 
was  equivalent  to  0*05  £.  The  gas  immediately  commenced  to 
contract,  and  carbon  was  deposited.  Headings  were  taken  over  a 
period  of  four  weshs. 

8  T  2 
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Time        ¥nman       Yolama  /i_ inn ^*  -  '^oo 


0 

290*2 

1*046 

0*177 

100 

21)00 

0*02 

800  1 

1048 

0*170 

lori 

004 

300*9 

1*051 

0*182 

10*2-8 

299 '7 

1*047 

0*178 

100-6 

0*07 

208*0 

1*044 

0*176 

08*0 

0'09 

298*1 

1*042 

0-173 

97*7 

O'll 

297*1 

1038 

0  169 

96-5 

0*21 

296*2 

1*035 

0  1 66 

93*8 

0'26 

296*1 

1035 

0*166 

93-8 

1'072 

0*29 

297-1 

1*038 

0169 

95-5 

0*81 

290-7 

1*010 

0*141 

79*6 

•  W  w 

1*801 

0*92 

280*0 

1*006 

0*187 

77*4 

1*889 

1"89 

281*1 

0*981 

0-112 

68*8 

1*801 

2*80 

275  1 

0  959 

0090 

60*8 

1-706 

3-81 

272*1 

0*949 

0  080 

45*2 

l-6()5 

4*81 

286*1 

0*028 

0*050 

88*8 

1*582 

5-81 

262*1 

0011 

0-045 

•25*4 

1*405 

6-81 

260*4 

0-903 

0-039 

•22  0 

1-34-2 

10  07 

258-6 

o-uoi 

0  032 

181 

1-2W 

14*84 

202*7 

0*880 

0*011 

6*2 

0-708 

19-88 

•253-8 

0-884 

0*015 

8*6 

0-929 

23-84 

250-3 

0  87*2 

0-003 

17 

0*230 

26  80 

249*7 

0-869 

0-000 

0*0 

The  gas  was  pumped  off  and  analysed : 

Carbon  dioxide,...   0  084  o.Oi 

Oxygen   0  041  „ 

Canwn  monoidde   0*755  ,» 

Total  Tolome   0*880  „ 


Apparently,  therefore,  the  monoxide  decomposed  to  form  both 
carbon  and  oxygen,  and  carbon  and  carbon  dioxide,  although  it 
is  possible  that  the  carbon  dioxide  was  produced  by  the  interaction 
of  the  oxygen  and  carbon.   The  curves  axe  shown  in  Fig.  7;  the 
time  of  half  change  was  3*1  days. 
'    Sxferimeni  4. — ^It  was  considered  possible  tbat^  if  yellow  phoa- 
phoms  were  present  when  carbon  dioxide  was  treated  with  emaa- 
ation,  the  oxygen  would  be  absorbed  as  fast  as  formed,  and  Uie 
rate  of  reaction  thereby  rendered  measurable.  The  experiment  was 
performed  in  a  tube  of  the  form  2>,  Fig.  2,  the  tube  being  sealed  to 
the  apparatus,  and  phosphorus  introduced  through  the  side-tube, 
which  for  that  purpose  was  made  iqpecially  long  and  wide,  and 
which  was  then  sealed*  Absolutely  pure  carbon  dioxide  was  intro- 
duced in  the  customary  manner,  and  emanation  with  oxygen  added. 
The  phosphorus  was  gently  warmed,  and  immediately  ou  melting, 
part  catching  lire  and  absorbing  the  oxygen  present,  complet-ely 
changed  to  the  red  variety.      Although  it   has   been  observed 
(Becquerel,  Compt.  rend.y  1901,  133,  709)  that  )3-rays  chariEre 
yellow  into  red  phosphorus,  such  immediate  action  was  not  expected. 
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A  leries  of  readings  was  taken,  and  it  will  be  observed  that  there 
was  a  slight  increase  in  Yohuna.  The  emanation  need  was  eqiiiT»- 
lent  to  0126  E. 


Time. 

Presaure. 

Yolame. 

0 

405-6 

1*828 

411-0 

1*864 

1-66 

420-3 

1*987 

1-75 

425-8 

l-fl83 

2-66 

42e'7 

1-968 

6*0 

1*980 

1671 

417*9 

1*926» 

Time  i»  dayt, 

0  Points  in  experiment  with  carbon  monoxide. 

X  PoinU  in  experiment  with  nitrogen  and  hydrogen. 

IiQ,  7. 

The  gas  was  analysed,  with  the  following  result: 

Carbon  dioxide   1  '400  c.o. 

Carbon  monoxide   0*498  „ 

O^gen   0-027  „ 

Totolrolnme          1*925  „ 

*  Tliiii  reading  was  probably  iucorxeot,  the  apparatus  leaving  been  mored  in  the 
interval. 
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It  would  appear,  therefore,  that  with  ourbon  diojdde»  aim,  both 
pofisiblo  reactioiis  tak»  place;  the  noiHiicrease  of  voluine  in  the 
first  two  ezperiiiMntt,  and  the  increase  in  the  last,  point  to  aooM 
factory  M  yet  tuloiowiif  which  detenninea  the  nature  of  the  change. 

£xp€riment  wUh  Hydrogen  C Monde, 

The  hydrogen  chloride  was  prepared  from  sodium  chloride  and 
sulphuric  acid,  and  may  have  contained  a  trace  of  impurity.  It 
was  introduced  into  the  measuring  tube  Fig.  2,  in  the  usual 
manner,  and  emanation  (0  069  E)  and  hydrogen  introduced.  The 
method  of  reading  has  been  indicat-ed  previously  (p.  968).  The 
measurements  follow.  The  volume  of  the  measuring  tube  was  about 
6*6  C.C. 


Time 

Volume 

in  days. 

in  CO. 

logg. 

0 

2*464 

0-561 

100 

2-000 

0  017 

2*454 

0-551 

y8-2 

1*902 

0  73 

2-204 

0-801 

53-4 

1728 

1*93 

2-086 

0*183 

32-6 

1-513 

2-78 

2-079 

0*176 

81*4 

1*496 

8-75 

2  060 

0'157 

28  0 

1-447 

5-80 

2-038 

0-135 

24  1 

1-881 

»-77 

1-985 

0  082 

14-6 

1-165 

1878 

1*949 

0*046 

8-S 

1*914 

18-76 

1-980 

0  027 

4-8 

1-683 

23*86 

1*926 

0  023 

4-5 

1-649 

25-76 

1*908 

0-000 

0-0 

The  cnrvQS  are  shown  in  Fig.  8.  The  time  of  half  change  is  5*9 
days. 

In  considering  these  curves,  it  must  be  remembered  that  tbo 
errors  of  observation  are  mnch  larger  than  usual,  both  volume  sad 
pressure  readings  being  taken,  and  that  the  pressure  readings  varied 
only  between  the  limits  511-4  and  594-3.  The  presence  of  mer- 
curous  chloride  was  observed  after  the  first  day,  and  a  considerable 
amount  was  deposited  during  the  experiment  on  the  whole  sur- 
face of  the  tube.  The  gas  was  analysed,  and  found  to  contain 
0'322  c.c.  of  hydrogen.  This  does  not  a^ree  very  closely  with  the 
calculated  value.  The  actual  final  volume  was  1'993,  the  differ- 
ence, 0  090,  was  due  to  bubbles  from  tlie  tap,  added  in  the  course 
of  the  experiment,  and  probably  consisting  of  carbon  dioxide. 

Bdperimenie  wih  Ammonia  and  with  Nitrogen  and  Hydrogen, 

The  first  experiment  was  performed  in  a  simple  measurement 
tube  (type      Fig.  2).   Ammonia,  prepared  from  slaked  lime  and 
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ammonium  chloride,  was  introduced  as  usual.  Hydrogen  and 
emanation  (0  0 GO  E)  were  added.  The  initukl  decreue  in  yolume 
recorded  below  demanded  attention.  The  remaining  eo^ieriiiMnti 
were  performed,  therefore,  in  a  specially  devised  apparatus,  shown 
in  Fig  3.  The  method  of  using  this  has  been  described  (p.  969). 
In  the  second  experiment^  the  presence  of  a  trace  of  moistaie  along 
with  the  gases  was  observed.   This  was  thought  to  aoooont  for  the 


100 


80 


% 


60 


40 


10 

Time  in  days. 
Fio.  8. 


15 


20 


initial  decrease  found  in  that  case.  In  the  third  experiment, 
especial  precautions  were  taken  to  dry  the  apparatus  and  purify 
the  gas.  The  initial  decrease  in  volume  was  almost  eliminated. 
In  order  to  ooinp«re  the  results,  the  initial  volume  has  been  taken 
as  zero;  in  all  cases  the  corresponding  numbers  are  shown  in  the 
fourth  column.  In  the  second  and  third  experiments,  the  respective 
quantities  of  emanation  employed,  in  each  case  added  with  hydro- 
gen, were  0*24  E  and  0*23  £. 
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Experiment  1. — 

Aibitrary 


Tini«. 

Presaare.- 

Volmne. 

Male. 

P«p  -  Pi* 

Q. 

0 

551-4 

0-628 

0 

^_ 

0-17 

546-1 

0-622 

-0-006 

- 

0-7S 

485-6 

0-553 

-0  075 

— 

1-98 

481*8 

0*526 

-0*108 

0*046 

100 

2*00 

2-78 

469-7 

0-585 

-  0*098 

0*087 

80 

1-90 

8-76 

481  -2 

0-648 

-0080 

0  024 

62 

1-72 

5-80 

491-7 

0*580 

-0  068 

0*012 

26 

1*42 

9-77 

496  0 

0*565 

-0-063 

0-007 

15 

0-82 

13-78 

499-6 

0-669 

-0-059 

0  003 

11 

0-04 

18-70 

602*2 

0*672 

-0-068 

0-000 

0 

28*8S 

SOI-0 

0*572 

-0*068 

SsperimetU  2. — 


0 

426  7 

1*026 

0 

0*81 

896*6 

0*056 

-0*070 

1-74 

431-7 

1040 

+  0-014 

2*76 

5100 

1-229 

+0*203 

EwperimmU  3. — 


0 

807-1 

1*945 

0 

0*18 

805-3 

1*941 

-0  004 

0*429 

100 

2-000 

0*90 

828-8 

1*996 

+  0  061 

0*874 

87-2 

1-940 

1*90 

864*7 

2*084 

0*189 

0*286 

66*7 

1*824 

2-18 

883-0 

2-128 

0*188 

0-242 

56-4 

1-751 

2-92 

911-0 

2-195 

0*250 

0*175 

40-8 

1-610 

4-90 

942-4 

2-271 

0-326 

0-099 

23*1 

1-363 

6*91 

964*4 

2*824 

0*379 

0*046 

10*7 

1-OSO 

1005 

974-2 

2-348 

0-403 

0-022 

6-1 

0-710 

11*90 

979*0 

2-360 

0-415 

0-010 

2-3 

0*367 

00 

(2*870) 

(0-425) 

0  000 

0  0 

The  eurvM  obtained  by  plotting  the  figures  in  column  4  againtt 
time  are  shown  in  Kg.  9.  In  order  to  tee  whether  those  in  espeii- 
mente  1  and  3  are  exponential  (in  eiqfierinient  3,  the  final  valne  wae 
found  by  extrapolation),  the  first  valne  in  column  6,  showing  in- 
crease in  volume,  was  taken  at  100,  logarithms  being  obtained 
and  plotted  as  usual  (columns  6  and  7).  The  results  are  also 
shown  in  Fig.  9.  They  lie  fairly  closely  on  a  straight  line.  The 
period  of  half  action  is,  however,  veiy  different  from  3*86  days, 
being  2*0  days  for  experiment  1  and  1*4  days  for  experiment  3* 

The  gases  in  experiment  2  were  transferred  to  a  tube  over 
mercury,  and  allowed  to  stand  for  some  weeks;  they  were  finally 
analysed.  Those  in  experiment  3  were  passed  back  into  the  burette 
{G,  Fig.  3;,  aud  analysed  immediately.  The  gas  in  experiment  1 
was  also  analysed. 

riydrogeu 

EzperiniMit  Nitrogtn.  Hydrogen.  added  initially. 

1  0-421  0.C,  tiace  0191  cc 

2  0-602  0*660  0  090 
8                   0*249                    0-816  0*222 
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The  oonsiderable,  but  dccreaiing,  discrepancy  between  the  measured 
and  the  eakulated  amounts  of  hydrogen  corresponds  with  the 
known  presence  of  traces  of  moisture.  It  is  possible  that  in  each 
caae  a  trace  of  air  was  admitted,  either  as  impurity  in  the  ammonia, 
or  with  the  emaaationy  with  consequent  formatioii  of  water  and 
absoiptioii  of  ammonia  (giving  the  observed  decrease).  This  would 

DttmfotiUm  (^ammonia. 


-0-6  *  .  ,  —  

•  ft  10  15 

Fni.  9. 

also  affect  the  nitrogen  yalues,  and  may  account  for  the  great 
difference  between  the  rate  of  ilie  reactions  and  that  of  the  decay 
of  the  emanation. 

In  a  similar  apparatus,  containing  some  fused  calcium  chloride 
to  absorb  any  ammonia  that  might  be  formed,  a  mixture  of 
nitrogen  and  hydrogen  was  treated  with  emanation  (0*239  E). 
The  gases  were  prepared  by  sparking  perfectly  pure  ammonia;  tiie 
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undecompoied  ammonia  being  removed  by  dilate  talplmric  acid. 
The  emanation  waa  added  with  exoeai  of  liydiogen.  The  lemHi 
are  ihown  below. 


Timo 

Pressure 

Volume 

V.  -  f 
0  =  100--'  °^ 

in  dayi. 

in  ram. 

in  c.c. 

log  Q. 

0 

745  6 

2-256 

0-236 

100 

2*000 

0-005 

743-8 

2-250 

0-230 

97-4 

0019 

745-3 

2  255 

0*285 

09*6 

0  08 

751-5 

2-273 

0-253 

1080 

079 

720-8 

2180 

0-160 

67*8 

1-831 

1-06 

716-8 

2*167 

0-147 

62-8 

1-794 

1-76 

714-1 

2*160 

0-140 

59*3 

1-778 

2-77 

707-6 

2  140 

0  120 

50-8 

1-706 

8  77 

701-6 

2123 

0-108 

.  48-6 

1-640 

4-85 

604*8 

2-101 

0*081 

84-8 

1-686 

5-77 

690-1 

2-087 

0-067 

28*4 

1-468 

6-76 

686-6 

2-077 

0-057 

24-4 

1  -388 

7-76 

683-1 

2  Uu6 

0  046 

19-5 

1-290 

9-76 

677  1 

2-049 

0-020 

12-3 

1*086 

11  01 

675  0 

2-042 

0  022 

96-3 

0-969 

11-86 

676-6 

2-044 

0-024 

10-2 

1O07 

12-77 

672*4 

2-085 

0*016 

6*4 

0-803 

13S6 

670  0 

2-0-23 

0-008 

8*4 

0-530 

14  77 

671-9 

2  033 

0-013 

6*6 

0-741 

17-98 

669-1 

2  024 
(2*020) 

0  004 
0*000 

1*7 
0*0 

0*229 

The  curveo  are  shown  in  Fig.  7;  the  time  of  half  change  wii 
3*17  days.   Cbnaidering  the  small  changes  in  prsssmei  and,  in 

consequence,  the  larger  percentage  error,  the  approximation  to  sn 
exponential  curve  is  very  good. 

Experiment  1  {Hydrogen  and  Oxygen). — The  electrolytic  ga^es  > 
from  the  radium  bromide  solution,  containing  emanation  corre- 
sponding with  0*263  £,  were  exploded,  the  emanation  frozen  at 
— 185^,  and  the  excess  of  hydrogen  pumped  off.  Very  pnie  electro- 
lytic gas  was  then  passed  up  over  the  frosen  emanation^  and,  after 
the  temperature  had  risen  to  air  temperatore^  the  gases  and 
emanation  were  pumped  off;  carbon  dioxide  was  removed  by  intro- 
ducing a  trace  of  potash.  The  gases  were  then  introduced  into  an 
apparatus  of  the'  type  shown  in  Fig.  1,  and  forced  up  into  a  small 
measuring  tube,  containing  a  point  (volume  at  N.T.F.,  0*1197  cc), 
and  jacketed  with  chlorobenaene  ▼apour.  A  seiiss  of  readings 
were  taken  for  nearly  six  hours.  (The  pressure  has  been  corrected 
to  (P;  the  Tolim  tP  N.T.P.) 

I 
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Timt 

Pre.saure 

Volume 

Time 

Proaaure 

Volume 

in  honra. 

innm. 

in  e.e. 

in  hows. 

*in  nun* 

in  e.0. 

012 

556-5 

0-0877 

'  2-62 

661  -4 

0-0869 

0-28 

657-6 

0-0878 

2-77 

549-9 

0  0866 

0-45 

558  0 

0-0879 

3-08 

647*7 

0  0868 

0-02 

556-1 

0-0876 

8-52 

544*4 

0-0867 

o-rs 

568-2 

0-0879 

3-83 

642-6 

0-0855 

0-95 

560-4 

0-0883 

4-08 

541-6 

0-0853 

113 

658  2 

0-0879 

4-36 

640-2 

0  0851 

1-27 

558  1 

0*0870 

4*66 

588'0 

0*0840 

1-43 

666-9 

0-0877 

4-92 

535-6 

0-OS44 

1-60 

554-9 

0-0874 

5-25 

685  0 

0  0843 

1-78 

664*6 

0-0873 

6-68 

633  1 

0  0840 

2*06 

558-5 

0-0872 

5-78 

682*6 

0*0889 

2-28 

652-4 

0-0870 

The  curve  is  shown  in  Fig.  10. 

MlxperimefU  2  {Steam), — A  similar  apparatus  was  used;  the 


1  1  1  1  1  I 

1  2  8  4  5  6 


Time  in  howr», 
Fio.  10. 

measaring  tube  was  much  larger  (capacity^  1*287  c.c).  Platimim 
wires  were  fused  througli  to  act  as  a  spark  gap.  The  gases  con- 
taining emanation  (0'14  E)  were  sparked  down  to  small  volume, 
the  remaining  gas  forced  through  a  phosphoric  oxide  tube  into 
the  measuring  apparatus^  and,  finally,  a  spark  passed  there,  the 
flame  being  Tisible  and  proving  the  formation  of  steam.  The 
miztnre  of  steam  and  hydrogen  was  jacketed  as  usual,  and  read- 
ings were  taken  over  a  period  of  six  honra.  No  expansion,  such  as 
would  result  from  the  formation  of  hydrogen  and  oxygen,  was 
observed.  On  the  contrary,  a  alight  contraction  took  place.  It 
was  irregular,  amounting  in  all  to  3  per  cent,  of  the  total  volume 
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(0  425  to  0  414  c.c),  and  may  be  perhaps  accounted  for  by  irregu- 
larity in  the  heating.  The  gas  waa  allowed  to  stand  at  constant 
volume  and  air  temperature  overnight ;  on  re-heating  next  day,  it 
again  varied  in  volume  from  0*412  to  0  420  c.c.  These  meaaure- 
menta  were  repeated  over  several  days,  with  similar  results. .  The 
tube  glowed  brilliantly  in  the  dark,  and  gradually  became  coloored^ 
proving  undoubtedly  that  emanation  was  present. 

It  must  be  concluded  that  the  decomposition  of  steam  by  eman- 
ation is  extremely  small  in  amount,  if  any,  and  that  the  accuracy 
of  measurement,  certainly  correct  to  0  001  cc,  waa  not  great  enough 
to  detect  a  change. 

Neglecting,  therefore,  the  decomposition  of  steam  by  emanation, 
it  is  ponible  to  calculate  the  amount  of  zeoombination  of  electro- 
lytic gas  under  the  conditions  of  the  fint  experiineiii.  In  6*73  hours, 
(0*0883— 0*0839)  X  3  c.c. » 0*01 32  c.c.  had  become  converted  into 
•team.  The  amount  of  emanation  vaed  waa  0*262  £.  If  we  pie- 
Bume  that  each  particle  of  emanation  in  deoompoaing  eauflei  a 
certain  definite  ▼olnme  of  hTdrogen  and  oiygen  to  oomhine,  tlioD 
O'Oll  B  haa  efeeted  the  combination  of  0*0132  c.c.  of  gaa,  irimot 
it  foUowa  that  B  will  canae  1*2  e.c.  of  gaa  to  oomhine.  Tbia  ia  of  i 
leai  order  of  magnitude  than  the  figorea  obtained  at  ordinary  air 
temperaturea  (compare  experimenta  6  to  8). 

The  Nature  of  the  Chemical  Change  brought  about  by  Radium 

Emanation, 

We  have  akeady  ahown  that  whenever  exact  meaaurementa  hafe 
been  obtained  for  water,  hydrogen,  and  oxygen,  the  reavlta  gin 
an  exponential  curve  of  half  time  approximating  to  3*86  days,  the 
period  of  half  decay  of  radium  emanation.   We  have  pointed  oat 

that  it  would  appear  that  each  particle  of  emanation  in  disintegrat* 
ing  produces  a  definite  quantitative  chemical  effect,  since  the 
amount  changing  at  any  time  is  proportional  to  the  change  of 
gas  volume  in  that  time.  The  rate  of  reaction  of  nitrogen  and 
hydrogen,  and  of  carbon  monoxide,  confirms  these  statements, 
although,  in  the  latter,  apparently  several  changes  take  place  simul- 
taneously. The  question  remains,  in  what  manner  are  these 
chemical  actions  brought  about?  Many  observers  have  studied  the 
chemical  phenomena  produced  by  electrical  energy  applied  in 
various  ways.  Thus  a  great  number  of  chemical  actions  have  been 
brought  about  by  the  silent  electrical  discharge,  described  io 
numerous  papers  by  Berthelot  and  others.  Thege  treat  chiefly  of 
the  production  of  organic  compounds.  Collie  (Trana.^  1901|  79, 
1063)  haa  shown  that »  purrwt  »t  low  preaaure  deoompoaee  earbon 
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dioxide  very  rapidly;  under  its  infliwiioe  osygtn  and^curbon 
monozide  reeombine  ilowly, 

Nnmaroua  reooarchcg  have  alio  thown  that  TanoiiB  chemical 
actiooBy  iach  as  the  lormatioii  of  OMme»  the  deoompodtioii  of 
ammonia,  of  nitrona  oxide,  and  of  carbon  monoxide,  take  place 
under  the  action  of  nltrapviolet  light.  In  tins  connexion,  the  work 
of  Chapman,  Chadwick,  and  Banubottom  (Trana.,  1907,  91,  942) 
maybe  consulted. 

Strictly  comparable  with  such  phenomena  are  the  nnmerons 
chemical  changes  produced  by  radium  preparations  enclosed  in 
glass  bulbs,  and  allowed  to  act  by  means  of  the  rays  penetrating 
the  glasB  envelope,  that  is,  the  /3-rays  or  electrons. 

These  have  been  found  to  have  no  action  on  water,  or  on  mix- 
tures of  hydrogen  and  oxygen  (Ramsay,  Mtddtl.  K.  Vet.  A  had. 
NobelinH.,  1905,  1,  909;  Jorissen  and  Ringer,  Ber.,  1906,  39,  2093). 
They  cause  combination  between  hydrogen  and  chlorine  (Jorissen 
and  Ringer,  ibid.),  convert  yellow  into  red  phosphorus  (Berthelot, 
loc  cit.),  and  liberate  iodine  from  hydriodic  acid  (Creighton  and 
Mackenzie,  Amer.  Chcm,  7.,  1908,  39,  474).  The  changes  described 
in  this  paper  are  of  the  same  nature,,  but  the  degree  of  action  is  far 
greater.  This  is  explicable  on  the  assumption  that  the  actions  are 
brought  about  by  a-pajrticles.  Their  energy,  as  shown  by  their 
ionising  power,  is  enormously  greater  than  that  of  /3-particles.  The 
ionisation  produced  in  gases  by  a-particles,  or  by  cathode  or  X-rays, 
is  supposed  to  be  due  to  the  gas  particles  obtaining  an  electric  charge 
by  collision,  or  by  some  other  method.  If  we  suppose  that  a  mixture 
of  hydrogen  and  oxygen  is  bombarded  with  a  particles,  so  that 
charged  ions  of  both  gases  are  produced,  partial  combination  of 
hydrogen  and  oxygen  is  rendered  certain.  The  effect  of  liberation 
of  particles  in  water  might  be  expected  to  be  much  greater;  com- 
pare the  effect  of  a  charge  of  guncotton  exploded  in  a  confined  and 
in  an  open  space.  The  collision  disrupts  innumerabis  mdleeules  of 
water,  producing  charged  atoms  of  hydrogen  and  oxygen.  Some 
of  these  reoombine.  The  part  that  escapes  recombination  produces 
the  changes  in  volume  which  are  actually  measured. 

The  aperiments  carried  out  at  130^  do  not  altogether  support 
this  view.  In  the  first  place,  it  is  well  known  that  radium  emanation 
itsdf  giyes  off  a-particles  only,  disintegrating  into  sucesBBive  pro- 
ducts, radium  A ,  B,  and  C,  of  which  the  first  and  third  give  a-par- 
ticles, and  the  second  and  third  jS-particles.  The  half  life  of  these 
products  is  less  than  half  au  hour.  During  the  first  four  hours 
after  which  emanation  has  been  confined  in  any  known  space,  the 
a-activity  increases  to  almost  three  times  the  initial  value.  Tlie 
amount  of  recombination  of  hydrogen  and  oxygen  should  increase 


Digitized  by  GoOglc 


992     CAM8RON  AND  BAM8AT  :  TBB  OHBMIOAL  AOnON  OF 


■inularly,  if  erery  a-p«rticle  producas  »  definite  effect  But  tlie 
carve  in  Pig.  10  is  practically  a  strai^t  line,  and  do8i  not  beer 
out  that  suppoeiti<»i.  (The  initial  increaee  in  the  ▼ohimei  leadiing 
a  maximum  at  the  end  of  the  fint  hour,  eeen  in  thia  eKperimentk 
and  in  those  with  electrolytic  gas  at  air  temperature,  p.  977,  vith 
carbon  monoxide,  p.  982,  and  with  a  miztnre  of  nitrogen  sad 
hydrogen,  p.  998,  seems  to  be  due  to  the  local  increase  in  tempsfSr 
tore  set  up  by  the  emanation,  which,  even  at  130°,  imparts  luffi* 
dent  heat  to  the  gas  containing  it  to  raise  its  pressure  appreciably.) 

Again,  the  action  on  steam  bliouid  be  analogous  to  that  on 
hydrogen  chloride,  in  which  case  decomposition  was  observed.  But 
no  action  was  noted.  The  only  e.\planation  which  will  bring  this 
observation  into  line  with  the  remainder,  is  the  supposition  that  at 
the  temperature  of  the  experiment  the  reverse  action  is  sufficiently 
rapid  to  cause  any  hydrogen  and  oxygen  formed  immediately  to 
recombine.  It  must  be  remembered  that  the  gas  contained  free 
hydrogen,  the  presence  of  which  would  increase  the  chances  oi 
recombination. 

This  paper  has  been  wholly  concerned  with  atomic  changes. 
Whether,  when  the  emanation  produces  these,  some  part  of  the 
energy  is  utilised  in  disintegrating  the  atoms  of,  say,  carbon,  or 
chlorine,  according  to  the  gas  under  obsenration,  is  a  very  different 
problem.  For  the  present,  we  content  ourselves  with  reiterating  ths 
ehief  conclusion  reached  in  this  paper,  that  whenever  mdiim 
emanation  produca  chemical  .aetiant  then,  other  conditions  being 
unaltered,  each  particle  of  enumaUon  a$  U  dmnUgrafes  producei 
the  eame  amauni  of  ehmnge. 

In  conclusion,  we  desire  to  thank  Professor  A.  W.  Porter  for  his 
kindness  in  aHsisting  us  with  the  mathematical  interpretation  of 
these  results. 

UNIVnSlTr  OOLLIGl, 

London. 


XCIV. — The  Chemical  Action  of  Radium  EmanatiofL 

Part  IV.    On  Water. 

By  Albxanobb  Tbohas  Oamsbon  and  Sib  William  Ram84T,  K.O.Bw 

Ik  the  second  part  of  this  paper  (l^rans.,  1907,  91, 1593)  an  account 
was  given  of  some  experiments  in  which  water  and  solutions  of  copper 
salts  were  treated  with  emanation,  and  the  resulting  products  examined. 
It  appears  that,  in  presence  of  water,  emanation  disintegrates  into 
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neon ;  with  copper  aolations,  into  argon.  There  was  some  indication 
that  minnte  tvaoes  of  copper  were  transmnted  into  lithium,  and 
possibly  also  into  sodium.  The  experiments  were  carried  oat  in  bulbs 
of  potash-lime  and  soda-lime  glass.  In  order  to  niinimiHe  the  possible 
errors,  it  wa8  decided  to  repeat  these  experiments  in  silica.  For  this 
purpose,  a  bulb  of  very  pure  silica,  of  which  the  material  liad  been 
boiled  for  half  an  hour  before  fashioning'  in  order  to  remove  alkalis 
by  volatilisation,  was  obtained  from  Messrs.  Johnson  and  Matthey. 
It  is  convenient  to  describe  the  apfiaratus  in  this  paper  ;  it  is  being 


Fio.  1. 


used  in  a  series  of  ezperimients,  the  results  of  which  will  be  oom- 
municated  at  a  later  date. 

The  silioa  bulb,  /,  Fig.  1,  is  half  filled  with  the  solntion  to  be 
examined.  It  is  then  fixed  to  the  apparatus  by  means  of  the  ground-in 
joint,  H,  made  air-tight  with  rubber  grease.  The  apparatus  is  evacuated 
through  ^to  below  the  stopooekt  B,  The  emanation  and  electrolytie 
gas  is  introduced  through  the  inTerted  syphon,  as  usual,  into  the 
burette,  C,  and  exploded  by  means  of  the  platinum  electrodes  at  D» 
The  rubber  tube  is  clipped  at  K,  Fia  clo6ed,  and  B  and    opened  ;  the 
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larger  put  of  the  eaumation  and  vsom  of  hjdpDgen  enter  the  bnllii 
This  is  then  jacketed  iriitti  liquid  air  in  th«  Taonam^veBeel,  /,  and  tlM 
meroory  allowed  to  fill  C^,  rieiDg  just  abore  the  etopcock,  3,  wUsh  ii 
then  doeed.  After  a  few  minatee,  in  wbieh  time  all  the  eoeaitum 
condeneea,  and  the  eolation  in  /  freeeee,  J^is  opened,  and  the  exoeH  of 
hydrogen,  with  any  helium  present  (formed  from  the  radium  bromide 
solution)  is  pumped  off.  F  is  then  closed,  and  the  mercury  allowed  to 
rise  just  above  the  ground-in  joint,  H.  The  tap,  0,  is  closed,  the  mercury 
seal  preventing  any  possible  leakage. 

It  is  usually  desirable  to  add  more  emanation  to  the  solutioD.  The 
additioiiH  are  conveniently  made  at  intervals  of  three  or  four  days. 
The   following   method   has   proved  most  suitable.    The  mercury  I 
below  G  is  drawn  down  as  far  as  possible  into  C  by  lowering  the  I 
reservoir,  S.   The  mercury  surface  is  then  fixed  just  below  D  by 
dipping  the  india-rubber  tube^  and  the  space  above  is  completely  ' 
cleared  of  any  air  leakage  by  pumping  off  through       ^  is  (ben 
opened.   The  gas  in  the  bnlb  formed  by  the  action  of  the  emanstioo 
in  the  solution  forces  the  meroory  seal  down  into  C.   The  bulb,  /,  ii 
again  jacketed  with  liquid  air,  and  the  emanation  condensed  slosf 
with  the  frosen  solution.    F  is  opened ;  the  gas  present  is  pumped  off 
and  stored.   The  freeh  quantity  of  emanation  is  added  as  previoutly; 
the  excess  of  hydrogen  and  the  helium  are  again  pumped  off.  A  mercury 
seal  is  finally  set  above  jy,  as  before,  and  G  is  closed.    This  treatment  | 
is  usually  repeated  four  or  five  times,  the  final  quantity  of  emanation 
being  allowed  to  decay  completely.    The  gas  produced  in  each  interval 
is  added,  and  the  total  quantity  finally  analysed.  The  method  of  analysis 
has  been  given  in  detail  previously  (Trans.,  1907,  91,  1598—1599).  ' 

In  the  particular  experiment  described  in  this  paper,  two  orthreecc. 
of  pure  water,  prepared  as  described  elsewhere  (ibid.t  p.  1601,  foot- 
note), were  used,  the  gas  space  above  being  somewhat  greater.  At 
the  conclusion  of  the  experiment,  the  water  was  transferred  to  » 
platinum  dish  and  eyaporated,  the  residue  ignited,  and  weighed.  The 
balance  was  accurate  to  one-fiftieth  of  a  milligram.  The  actual  weigb^ 
found  was  0  00001  gram.  The  residue  was  theiefora  within  the  emr 
of  weighing.  The  ^race  of  residue  was  moistened  and  examhMd 
speetroscopicaUy.  lithium  was  certainly  absent,  although  the  sodiun 
line  was  yisible.  (The  method  can  oonsequently  be  employed  with 
some  approaeh  to  accuracy  with  solutions  of  copper  salts  and  those  of 
other  metals.) 

The  gas,  when  analysed,  gave  the  following  result : 

Hydrogen    8'837  c.c. 

Oxygen   3-509  „ 

Nitrogen  sod  csrboa  dioxids    0'S92  „ 

12-638  C.C. 
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The  Ditrogen  r^iduo  w<is  examined  for  rare  gases.  The  part  not 
condensable  in  charcoal  at  liquid -air  temperatures  showed  helium  and 
neon.  The  helium  yellow  line  was  extremely  intense,  and  the  strongest 
noon  reds  hwd  about  two-thirds  that  intensity.  This  might  be  expected 
from  the  fact  that  the  gas  and  water  phases  were  approximately  equal ; 
the  helium  was  produced  in  the  gas  phase.  The  speotnua  was  photo- 
graphed twioe ;  exposures  were  given  of  from  six  to  seven  minutes. 
The  neon  spectrum  faded  rapidly,  and  was  barely  ▼isible  daring  the 
second  photograph.  The  reealte  are  shown  in  the  acoompanjing  plate 
(Fig.  2).  A  is  the  speotrom  of  pure  heUam,  B  that  of  the  iron  an^ 
C  that  of  the  second  photograph  (gases  under  examination),  Z>  that 
of  the  first,  and  X  that  of  pure  neon.  The  reproduction  only  shows 
some  of  the  strongest  red  Hues  of  neon  in  C  and  2>.  The  helium  and 
necm  yellow  linee  appear  as  one  thick  line  in  the  reproduction,  although 
on  the  plate  they  are  seen  to  be  distinct. 

The  lines  were  read  under  a  travelling  microscope  with  the 
following  results.  The  figures  given  under  the  heading  of  intensity 
are  very  roughly  approximate,  but  show  well  the  rapid  disappearance 
of  the  neon  spectrum. 


Of  the  figures  which  follow,  those  printed  in  italics  are  known 
wave-lengths;  where  these  only  are  given,  they  were  chosen  as 
points  on  the  curvci  from  which  the  wave-lengths  represented  by 
figures  in  ordinary  type  were  determined  graphically.  The  figurea 
following  each  symbol  are  the  intensities  aff  published : 
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Xtomftnt   He4  H20  He3  Ug5  U6  I 

,    ^.  4579  4557  4517  4489  ,,,,  4461  4449 

WaTO-leDgth   ^--^  ^2  m 

f-»— I*-/ 1st  photo ..     —  1  1           1  10  0-5        0  6 

"*^*'\2iid  „  ...    0-6  -  -  0-6  10  0-6  0-6 

Ktement                    H4  Hg6  HgO  Hg8  He6  H6  HS 

Wave-length   4388  4359  4S4S  4^40  ^  ^ 

^&T::.  I  I  t     \  I  -  - 

BleiiMBt                    Hel  He8  HglO  HglO  HU  HgO 

w.«-i-«-*fc  4284  4197  4102  4167  ..go  4fl« 

WftTtt-leagth   ^^.g  4^44  41^  j^s 

t^^-.  ,  fist  photo...      8  2  0-6  0*6  1  2  0* 

Intensity „   ...      -  -  -  -  0*6  1  1 

Element                      Hg6  llg6  Hg5  H7  H62  He8  HglO 

WftYO-loDgtli   llfj  Jm  S964  %]l  3888 

^^^-M^'T::  t  t  I    -  I 

Element   UglO  He5  He4  Ug7  UelO 


Of  the  unidentified  lines,  one  only,  6818  (if  oorresponding  with 
6812),  was  observed  in  the  previous  experiment. 

The  speetrom  tube  was  calibrated  preyionalj,  and  roogh  measme- 
mente  were  taken  of  the  amount  of  gas  present.  The  total  Toloiiie 
(heliam  and  neon)  was  approziiDately  0*8  a  mm.  (not  more  tbss 
twiee  this  fignre^  uid  not  less  than  half). 

In  view  of  the  slight  leakage  of  air,  stress  oannot  be  laid  on  tbe 
presonce  of  argon  in  the  residual  gases,  although  it  was  oertaialj 
prsssnt  in  reasonably  large  amount. 

In  carrying  oat  such  work,  it  is  extremely  difficult  to  prevent 
truces  of  air  leaking  into  the  apparatus  during  the  considerable  length 
of  time  which  must  elapse  before  an  experiment  is  completed.  Since 
O'l  C.C.  of  atmospheric  nitrogen  contains  suUicient  argon  to  be  detected 
spectroBcopically  after  the  nitrogen  has  been  removed  by  sparking, 
the  proof  that  the  'presence  of  argon  is  due  to  some  other  cause 
rendered  extremely  dilficult.  Similarly,  it  is  far  from  easy  to  free 
oopper  solutions  completely  from  traces  of  lithium  and  to  prove  con- 
vincingly that  lithium  did  not  pre-ezist  in  such  solution  treated  with 
emanation.   Tbe  detection  of  neon  is  open  to  no  such  objection.  The 
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only  possible  source,  other  than  traasmutation,  is  the  aluminium  of  the 
electrodes.  The  vacuum  tube  had  been  previously  run  a  great  number 
of  times  at  different  pressures,  washed  out  with  air,  and  finally  showed 
traces  of  hydrogen,  and  hydrogen  alone.  It  is  inconoaivaMe  that  neon 
osn  have  resulted  thus  by  ohanoe  from  two  experiments  with  water, 
where  in  each  case  the  residues  were  tested  between  those  from 
numerous  similar  ezperiments  with  other  solutions,  in  which  no  neon 
was  detected.  We  must  regard  the  transformation  of  emanation  into 
neon«  in  pmence  of  water,  as  indisputably  proved,  and,  if  a  trans- 
mutation be  defined  as  a  transformation  brought  about  at  will,  by 
change  of  conditions,  then  tkU  ii  AtfinA  eass  oftrfsntrntiOaiMn  o/wkiek 

Addshbuv. 

Since  this  paper  was  communicated,  we  have  examined  the  accumu- 
lated residues  of  the  gases  pumped  away  from  solutions  of  radium 
bromide,  after  removing  hydrogen  and  oxygen  by  sparking^  and  the 
emanation  in  the  usual  manner.  The  heavier  fraction  was  removed 
with  charcoal  cooled  to  liquid-air  temperature.  The  lighter  fraction 
consisted  largely  of  helium.  Keen  was  undoubtedly  present;  the 
spectrum  was  photographed,  and  many  Unes  were  conclusively  identi- 
'  fied.  This  might  be  expected,  in  view  of  the  liquid  phase  provided  by 
radium  bromide  solution  itself. 
The  detailed  results  will  appear  later. 

Umivekuity  Colleox, 
London. 


XCV. — Molecular  Volumes  of  the  Nitrites  of  SUver^ 
Mercury,  and  the  Alkali  Metals. 

By  PiuruLL^  Ckam]>ju  BIy. 

The  nitrites  of  silver^  meronry,  and  the  alkali  metals  have  engrossed 
my  attention  during  the  last  twelve  years,  and  their  properties  have 
been  investigated  from  various  points  of  view.    Of  late,  1  have  been 

tryiug  to  gain  an  insight  into  their  constitution,  and  it  occurred  to 
me  that  some  additional  light  might  be  thrown  on  it  by  a  comparative 
examination  of  their  molecular  volumes. 

The  investigation  was  carried  on  during  the  last  two  years,  and,  as 
the  temperature  of  the  laboratory  varied  from  21^^  to  31°,  the  doter- 
mination  of  the  specific  gravities  in  benaene  was  found  to  be  very 

3  U  2 
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troublesome,  owing  to  its  highly  volatile  character.  Clear,  tnuuiparent 
paraffin  oil  which  had  been  carefully  dehydrated  answered  the  purpose 
much  bi3tbor.  Owing  to  the  viscosity  of  the  oil  there  were,  no  doubt, 
some  drawbacks  to  contend  with,  but  they  were  surmounted  by  pro- 
ceeding in  the  following  manner.  The  finely-powdered  salt  being  only 
partly  covered  with  the  oil,  tho  bottle  was  given  a  gentle  rotatory 
motion.  The  air  bubbles  in  tho  interstices  of  the  powder  were  thus 
driven  out,  although  they  remaixkod  suspended  in  the  liquid.  The 
boiile  was  then  allowed  to  stand  overnight  in  a  desiccator.  The  nexfc 
day  the  liquid  became  perfeotij  clear.  The  remaining  portion  of  the 
boiile  was  then  filled  up  as  usoaL  In  order  to  pn^  to  a  emeial  iwi 
tlio  reliability  of  tbe  method^  pure  aamplee  of  aodiiim  and  polaaam 
ohloride%  aa  also  of  potassium  nitrate,  were  prepared  and  tboir  specifie 
grayittes  talcen. 

Tbe  specific  gravity  of  sodium  cbloride  at  27*6^  was  found  to  be 
2*166  i  a  sample  of  pure  rook*salt,  according  to  Sir  W.  H.  Perkin»  had 
the  density  2*1675  at  6^  (Trans.,  1894,  65,  20) ;  the  density  at  15*5° 
is  given  as  2*  156  by  Clarke  {Coiistanis  of  Nature,  1st  Supplement  to 
Pt.  1,  p.  9),  The  determination  of  the  density  of  potassium  chloride 
gave  1996  at  21*9°;  the  mean  of  several  observations  by  Quincke, 
Playfair  and  Joule,  Filhol,  Schiff  and  Schroder,  and  Kopp  varies  from 
1*990  to  1945.  The  specific  gravity  of  aylvine  is  1*990.  Determina- 
tion of  the  specific  gravity  of  potassium  nitrate  gave  2  1064  at  26*4^  ^ 
other  observations  on  record  are  2 '096  to  2 '108  at  4°  (Fii^fair  and 
Joule),  and  2*109  (Retgers).  It  will  be  seen  that  as  solids  are  far  lees 
expansible  by  heat  than  liquids,  the  divergence,  dne  to  the  densittes 
being  taken  at  wide  interviUs  of  temperature^  is  almost  negligible. 

For  test  oases^  the  above  three  salts  were  purposely  ehoaeni  as  they 
not  only  admit  of  a  high  degree  of  pmnfioation,  but  oonld  be  f  naed 
ivithout  decomposition*  Salts  which  eannot  be  heated  to  f  naion  without 
risk  of  deoompositioni  for  example,  pentahydrated  oopper  sulphate  and 
anhydrous  magneslnm  and  oopper  sulphates,  are  liable  to  yidd  mere  or 
less  diseordant  results  (compare  Thorpe  and  Watts,  Trans.,  1880,  37, 
103,  105,  106).  It  is  necessary  to  remember  that  almost  all  the 
nitrites  beloog  to  this  category. 

Lithium  Nitrite. — This  salt  was  prepared  by  the  interaction  of  silver 
nitrite  and  lithium  chloride  in  presence  of  a  small  amount  of  water. 
The  r^ulting  hydrated  crystals  were  left  for  a  long  time  in  a  vacuum 
desiccator,  when  the  anhydrous  salt  was  obtained : 

0*201  gave  0'2055  Li^SO^.    Li  - 1 3  03. 

LiKOg  requires  la-*  13*22  per  cent. 

The  specific  gravity  of  several  samples  of  distinct  preparations  was 
taken,  and  gave  1*706  at  Zl""  and  1*636  at  27°.  Mean- 1*671. 
Closer  appcosimation  could  not  be  obtained. 
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Sodium  Nitrite,  (For  method  of  preparftiicm  see  Trans.,  1905,  87, 
178.) — The  Bpedfio  gravity  of  a  sampla  in  benzene  at  27^  was  2*163 ; 
of  another  sample  in  the  paraffin  oil  was  2*156  at  31*4^.  A  eample  of 
Merek'e,  which  was  reoryetaUiaed  twioe  (Found :  Ha* 33*38 ;  NaNO, 
reqniree  NaB>  33*34  per  cent.),  gave  2*1608  at  20*4^,  the  mean  of 
the  several  valnee  being  2*157. 

Pitkudum  IfUni$.  (For  mode  of  preparation,  compere  fee.  eU,,  178 ; 
Found:  K*- 45*93;  KKO^  requires  K» 45*94  per  cent.)—As  the  sab- 
stance  is  deliquescent,  it  has  to  be  bandied  with  care.  The  determina- 
tion of  the  specific  gravity  of  one  preparation  gave  1'917  al  2P  ;  that 
of  a  second  preparation  gave  1'919  at  23  7°  A  sample  of  Merck's, 
purified  by  recrystalUsation  (K~45'71)i  gave  1*909  at  23°  Mean 
sp.  gr.  =  1-915. 

Silver  Nitrite. — Some  two  dozen  preparations  were  undertaken,  the 
particular  object  in  view  being  to  see  if  there  is  any  appreciable  difEer- 
enoe  in  the  density  of  the  nitrites  as  prepared  simply  by  doable 
deoomposition  between  sodium  nitrite  and  silver  nitrate  and  the  same 
when  subjected  to  crystallisation  (compare  B&yand  QaQguli,  Proc., 
1905»  21,  280).  It  should  be  noted  that,  unless  previously  well  dried, 
the  nitrite  eannot  be  heated  in  a  steam-oven  at  95 — 100^  without 
slight  deoomposition ;  even  a  boiling  solution  of  it  evolves  traoes  of 
nitric  ozide^  the  decomposition  proceeding  aooording  to  the  equation : 

2  AgNOg  =  AgNOg  +  Ag  +  NO.* 

Indeed,  if  pure  silver  nitrite  be  subjeoted  to  reery8teI]jastio&,  the 
mother  liquor,  on  evaluation,  is  found  to  yield  a  slightly  higher  value 
for  the  total  nitrogen  as  compered  with  the  nitritio  nitrogen.  l%e 
selte  were  drained  free  from  the  mother  Uqnor  and  washed  with  cold 
wateron  the  filter  pump,  and  afterwards  dried  in  a  vaeuum  over  sulphurie 
aeid;  they  were  finally  powdered,  sifted,  end  dried  egein.  The  deter^ 
mination  of  the  specific  gravity  of  the  salt  from  double  decomposition 
gave  4-451,  4  478,  4  543,  4  529  at  23—24-8°,  whilst  the  specific  gravity 
of  the  different  samples  from  recrystalUsation  was  4*472,  4*462,  4*424 
at  23 — 31°.  It  will  thus  be  observed  that  no  marked  difference  can 
be  detected  between  the  two  sets  of  results.  The  mean  of  the  last 
three  values  is  4  453. 

Mei'curous  Niti^e. — As  this  salt  can  only  l>e  dried  on  a  porous 
plate,  it  is  invariably  contaminated  with  traces  of  the  adheriag  mother 
liquor.  Three  distinct  preparations  gave  the  specific  gravity  as  5*94, 
6*876,  and  6*96  respectively  at  21—29''.   The  mean  value  is  6'925. 

The  molecular  volumes  of  the  nitrites  are  tabulated  below  for  eon- 
venienee  of  comparison : 

*  Hans  Pick,  "  Beitriigo  z.  charuktemtik  d.  Nifcrit-ioos,"  Imuy,  Bre^lau^ 
1906,  p.  27. 


Digitized  by  Google 


1000  FLASCHNSB  AUD  Mac£W£N  :  THE  MUTUAL 


Salt.  Mol.  wt.  Sp.  gr.  Mol.  vol. 

(LiNO^)a*  ..                         106  02  1-G71  03  44 

(NnNdj),                         188*0  2-157  63-98 

(KNO,)ji                          170-2  1-916  88-88 

(AgNOj),                        308  0  4-463  6916 

(HgNO.,)a                         492-0  «-925  88*04 


It  will  be  observed  that  the  specific  gravity  of  the  nitrites  increase 
with  the  increase  in  molecular  weight,  the  exception  being  in  the  case 
of  the  sodium  oompound.  It  is,  however,  well  known  that  the  salts  of 
sodium  are  specifically  heavier  than  the  eomsponding  salts  of  potaas* 
iom.  It  will  further  be  seen  that  lithium  and  sodium  nitrites  have 
practically  the  same  molecular  Tolnme.  Potassium  nitrite  has  the 
largest  molecular  volume  in  the  series,  but  it  is  smaUsr  thin  the 
atomic  volume  of  the  metal  itself  (2K«90*8).  As  shown  byKopp 
long  ago,  the  specific  volumes  of  the  salts  of  the  alkalis  and  alkalim 
earths  are  often  smaller  than  the  atomic  volumes  of  the  oomponsot 
metals  (Thorpe,  Kopp  Mtmorial  LeeUtre,  Trana»  1893,  63, 800).  Among 
the  alkali  metals,  potassium  is  the  meet  energetic  and  has  the  laigcst 
atomic  volume,t  and  this  property,  as  pointed  out  by  Mendeleeff,  is 
connected  with  the  porosity  (sponge-like  ytructure)  of  the  element 
The  group  'O'NiO,  the  radicle  of  the  nitrite,  penetrates  into  the 
interstitial  space  without  causing  any  increase  in  bulk.  The  position 
of  silver  and  mercury  is  pomewhat  anomalous  (compare  Trans.,  1907, 
91,  2036).  The  comparatively  small  atomic  volume  of  these  metals 
is  on  a  par  with  their  inertness  and  feeble  reactivity.  The  elements 
which  constitute  the  radicle  of  the  nitrite  cannot  insinuate  themselves 
into  the  pores  of  the  actual  matter  of  the  substance  without  at  the 
same  time  contributing  an  appreciable  accession  to  the  bulk  of  the 
molecule.   Further  discussion  on  these  points  is  reserved  until  later. 

CiuHicAi;  Laboratobt, 
PaisiDBKor  OoLuoi,  Oaloutta. 


XCVL — 2'he  Mutual  Soluhdity  of  ^-Methylpiperidineatid 

Water. 

By  Cm  FLAScnann  and  Basil  IfAoBwsir. 

It  is  impossible  to  draw  many  general  conclusions  as  regards  the 
influence  of  constitution  on  the  mutual  solubility  of  liquids,  becaupo 
only  a  very  few  members  of  any  one  homologous  series  are  suitable  for  j 

*  The  molMaUr  wdghta  have  been  donbled  threaghont  beesme  of  bcHitj  of  oom-  ' 
parison  with  inercurous  nitrite,  which,  there  in  reason  to  belSeve,  has  the  formiila 

HgaCNOj),,,  Hinl  ftlao  with  the  nitrites  of  the  alkuline  onrths. 
t  Camuuiu  aud  rubidiaoi  are,  of  oourse,  left  out  of  coDsideration  for  the  present. 
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the  determination  of  the  complete  solubility  curve  or  even  of  one  of 
the  (wo  critical  solation-temperatures.  An  upper  critical  tempera- 
tare  wiili  watar  has  been  obaerred  in  the  following  homologom 

aeries : 

In  the  aeries  of  aloohols  (AlexMf,  WM.  AnnaUn,  1886,  28,  306) : 


MoButyUlcohol    ISO' 

mC'Bwfl  sleohol   118*7* 

In  the  series  of  aliphatic  acids  (Rothmund,  ZeiUch.  phytikal.  Chem.y 
1898,  26,  460) : 

a-Batyrio  add  :   -  2-3* 

iioBatyric  acid    24*5* 


The  comsponding  lower  oritioal  eolation-temperatures,  on  acoonnt 

of  the  appearance  of  a  solid  phase,  cannot  be  obtained. 

On  the  other  haud,  ia  the  following  series,  the  lower  critical  solution- 
temperature  can  be  determined,  whilst  the  upper  one  lies  too  high  for 


observation  : 
In  the  series  of  aliphatic  amines : 

Diethjlmnine  (Guthrio,  Phil.  Mag.,  1884,  [▼],  18»  499)  aboat  131* 

Triethylamiae  (Bothmond,  loc  dL)   18T 

In  the  pyridine  series  : 

2 : 6-Lutidinc  (Timmermiii^,  Zeitsch.  phynkal.  Chm,,  1907,  68,  144) ...  40" 
2:4:6<TriiDethylpjridiiie  (Bothmund,  joe.  a<.)    <{*42'* 

In  the  piperidtne  series  (Flaschner,  ^sfteoA.  phymU.  €hm » 1908»  - 
62,  493) : 

1-Methylpiperi(line   ,   48*8"' 

l-Bthylpiperidiae   7  '6" 


If,  as  SQggested  bj  Rothmand,  the  solubility  of  two  not  com* 
jdetelj  miacible  liquids  is  represented  by  a  closed  curve,  all  thoise 
solubility  rings  of  one  liquid,  for  example,  water  when  used  in  con- 
junction with  the  members  of  homologous  series,  seem  to  have  the 
same  "centre."     The  liigher  tho  mouil)er  in  the  homologous  series 
the  less  is  the  mutual  solubility,  and    therefore    the  wider  the 
theoretical    ring,    that    is,  the  lower  critical  solution-temperature 
occurs  at  a    lower    point   in   the    thermometric    scale,   and  the 
upper  critical  temperature  at  a  higher  point  ( rimmermans,  ZeiUch. 
phyaiJcal.  Chem.,  1907,  58,  145).    From  the  examples  given,  it  is 
evident  that  the  increase  of  mutual  solubility  is  due  to  the  oxygen 
and  nitrogen  atoms,  whilst,  on  the  other  hand,  carbon  and  hydrogen 
atoms  cause  a  decrease*   The  larger  the  carbon-hydrogen  group 
attached  to  the  oxygen  or  nitrogen,  or  the  nearer  such  a  group  to 
these  atoms^  the  smaller  is  the  mutual  solubility.   A  decrease  in  the 
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number  of  carbon  or  hydrogen  atoms  produces  an  incrflMe  in  th6 
mutual  solubility.  a-Piooline  is  miscible  with  water  in  «11  proportions, 
whilst  2-methylpiperidine,  which  has  six  atoms  of  bydrggoin  more,  is  not 
miscible  with  water  within  certain  limits  of  temperatare.  Gonndcr- 
ing  thai  l-etbylpiperidine  is  oomplelely  analogims  to  trietfajlsmins 
and  eontains  only  one  oarbon  atom  more»  one  would  e^eet  a 
depression  of  the  lower  eritieal  solution-tempsrstare,  and  this  is  fband 
to  bo  the  ease^  for  the  lower  eritical  solntion-temperatnre  of  the  eyelie 
eomponnd  is  lower  by  11®  than  that  of  trietbylamine.  Therefore  the 
ring  formation  itself  can  have  little  or  no  inflnenoe  on  the  solnbifity. 

Further,  it  appeared  to  be  of  interest  to  determine  the  influcnco  of 
the  position  which  an  organic  group  in  a  cyclic  compound  occupies. 
As  one  of  us  has  found  that  the  piperidines  form  a  class  of  substances 
which  give  with  water  an  easily  obtainable  lower  critical  solution- 
temperature,  and  from  the  values  of  the  dielectic  constants  (Ladenbnrg, 
Ztitsch.  Elektrochem.,  1901,  7,  816)  other  examples  are  to  be 
expected,  we  have  made  determinations  with  2-methylpiperidine- 
This  substance  was  prepared  according  to  Ladenburg's  method 
(Anntdeny  1888,  247, 5).  The  fraction  of  commercial  pioolines  boiliag 
from  128°  to  134°  was  purified  by  recrystaliising  the  meronry  isl^ 
and  the  a-piooline  was  rednced  with  sodinm  and  sbsolate  alcohoL 
The  d-methylpiperidine  obtained  in  ibis  way  was  fractionated  sstchI 
times,  and  the  single  fractions  were  tested  for  purity  by  OiisoMf^ 
method,  by  determining  the  lower  critieal  soltttion-temperatore. 
BInslly,  the  fraetioo  boiling  at  117-6—118«ff<>  was  legaided  astbs 
purest,  and  was  used  for  the  following  experiments. 

The  determination  of  the  solubility  curve  was  made  by  Alex^i 
well-known  synthetic  method.    To  determine  the  lower  half  of  the 
curve,  detinite  (quantities  of  the  base  and  water  were  introduced  by 
means  of  a  capillary  pipette  into  a  narrow  tube,  which  was  blown  out 
at  one  end  into  a  small  bulb  and  at  the  other  end  drawn  out  into  a 
capillary;  the  mixture  was  weighed.    The  capillary  was  Pealed  aod 
the  temporatiire  was  determined,  at  which  se|mration  into  two  layers 
took  place ;  the  capillary  was  then  broken  o£f,  and,  after  a  farther 
quantity  of  the  liquids  had  been  added,  it  was  used  for  anothsr 
experiment.    The  determination  of  the  upper  half  of  the  curve  vsf 
carried  out  in  small  tubes  of  Jena  glass  (5  ^mm.  external,  8  mm. 
internal  diameter),  drawn  out  into  thick  capillaries  at  one  end. 
These  liquid  mixtures  were  only  used  for  one  determination,  although 
even  at  230^  the  glass  was  only  slightly  attacked  by  the  ^base.  Is 
the  following  table,  the  amount  of  2-methylpiperidine  is  given  in 
percentage  by  weight  of  the  solution.   In  the  nmghbourhood  of  the 
lower  critical  solution-point,  a  distinct  critical  opalescence  was  observed. 
The  results  are  reproduced  in  the  diagram. 
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S'Hethy  1  piperidine. 
72-3 
64-7 
52-4 
47*0 
39-7 
33-7 
29-2 
S4-0 
19*4 
13-8 
10-G 


Solution 
point. 

166* 
112 
94 

88-8 

87 

87'2opa]Moeiioe 
88 


81 

79-3 
79-8 
80*4 


I* 

» 


2>lfethyIpipeiidioe. 

9-5 

8-6 
7-8 


Solution 
point. 
82-4" 
86-6 
92*4 


6*8  homogeneous  up  to  170" 

60-4  221° 

52-4  225 

28-3  227 

20  1  227 

15-0  220 

9-7  188 

8-2  171 


It  is  thus  evident  that  the  complete  solubility  ring  of  water-2-metbyl- 
piperidine  can  be  followed ;  the  only  other  ease  in  which  similar  observa- 
tione  have  been  made  is  that  of  nicotine  and  water  (Hudson,  Mttck 
pkymkd.  Chm.,  1904,  47, 113).   The  lower  half  of  the  curve  has  a 
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shape  similar  to  that  of  mixtures  of  2:4: 6-trimethylpyridine  and  of 

1 -methyl-  and  l-ethyl-piperidine  with  water,  namely,  somewhat 
abruptly  curved,  whilst  the  upper  nearly  aymraetrical  half  is  similar 
to  that  of  the  known  liquid  pairs  with  upper  critical  solution- 
temperatures.  Also,  the  law  of  rectilinear  diameters,  as  Rothmund 
first  showed,  holds  fairly  well  for  the  upper  point,  whilst  the  diameter 
for  the  lower  pnrt  is  sharply  curved.  The  regularity  indicated  al)Ove 
is  observed  hero  also. .  In  consequence  of  the  greater  distance  of  the 
methyl  group  from  the  nitrogen  atom  in  2-metbylpiperidine  com* 
pared  with  1-methylpiperidine,  the  lower  critical  solution-tempera* 
turc  of  the  former  is  increased  by  31®  and  the  upper  one  is  depressed 
by  about  60^ 

We  have  to  express  our  thanks  to  Bir  William  Bamsay  for  the 
kind  interest  taken  in  this  researeh. 

TJKivssstrT  OeuioB» 

IjOMIXW. 
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XCVIT.— Viscosity  of  SohOi^ns. 
By  Ohablm  Edwabd  Fawbitt. 

The  work  in  this  paper  was  carried  out  more  than  a  ymt  ago,  and 

it8  publication  was  delayed  in  the  hope  that  the  measurements  might 
be  exteuded  over  a  larger  field.  Being  now  fully  occupied  with  high- 
temperature  viscosity  observations,  I  do  not  feel  that  any  further 
delay  is  advisable,  as  it  is  not  likely  to  result  in  a  continuation  of  the 
work  in  the  present  paper,  at  any  rate,  in  the  immediate  future. 

The  viscosity  of  aqueous  solutions  has  already  been  discussed  in 
previous  papers  {ZeiUch.  phytikal.  Chem.t  1904,  48,  585 ;  Proc. 
Faraday  Soe*^  1904,  664).  When  dilute  solotions  are  studied,  the 
yiscosity  is  usually  a  linear  funeUon  of  the  oonoontration  of  the 
solute.  A  number  of  colloidal  aqueous  solntions  and  some  alcohotio 
solutions  have  now  been  examined,  and  it  is  found  that  thej  bshaie 
▼eiy  similarly  to  aqueous  solutions.  It  would  have  been  of  oonsidw- 
able  interest  to  obtain  visoositj  measurements  on  ooUoidal  solutions  «f 
metals  and  metallic  sulphides,  but  an  attempt  to  prepare  sueh  sole- 
ttons  in  sufficient  concentration  to  give  viscosity  measurements  wss 
net  sooesisful.  Measurements  of  visooeity  were,  howerer,  carried  cot 
with  solutions  of  tungstio  acid,  hemoglobin,  gelatin,  and  albumen. 

Measurements  on  alcoholic  solutions  here  given  are  also  in  coofirma- 
tion  of  the  statement  made  in  a  previous  paper  {loc.  eit.),  that  the 
viscosity  of  equimolecular  solutions  of  substances  forming  a  homiologous 
series  is  to  some  extent  an  additive  property. 

CdUoidal  Soluitons. — The  tungstio  acid  used  was  prepared  by 
dialysing  a  mixture  of  sodium  tungstate  and  hydrochloric  acid.  > 
The  other  substanceR  were  purchased  in  as  pure  a  state  as  they  I 
could  be  obtained.   The  viscosity  of  gelatin  solntions  has  already  | 
been  investigated  by  Schroeder  (2stlM&  phjfiikaL  Chmn^t  1903,  45,  I 
75),  who  noticed  that  the  viscosity  of  such  solntions  depends  I 
greatly  on  their  previous  history.  I  have  found  that  this  properlpy 
is  not  confined  only  to  gelatin  solution^  but  appears  to  belong  to  i 
other  colloidal  solutions,  although  in  no  case  have  I  noticed  ths  I 
viscosity  of  solutions  to  vary  in  the  extraordinary  manner  that 
gelatin  solutions  do,  simply  by  allowing  them  to  stand. 

Tlio  following  results  were  obtained  at  25^^,  using  the  Oatwald  form 
of  U  tube  with  a  ^lass  capillary.    The  viscosity  of  water  at  25^  is  i 
takeu  as  unity : 
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Substance. 
Albumen 


Percentage.  Visco8ity. 

0-  25  1019 
0*86  1*066 

1-  70  ri40 
Tungstic  acid       2  8  1-028 

4-4  1044 


f » 


Siil»st;ince. 
Hsemoglobiu 

Oelatiii' 


Percentage. 
0-45 
0*9 

0-0082 
0-0165 

0  083 


Vi-soosity. 
1021 
1-042 
1-012 
1029 
1-096 


The  divergence  from  the  linear  formula  is  notioeable  only  in  the 
cue  of  gelatin.  The  Arrhenius  formula  ii.  —  A*y  where  is  the 
vifcoeitj,  a  the  oonoentration,  and  A  a  constant^  is  also  unable  to 
xepresent  the  case  of  gelatin  aolations.  Bven  among  erystalloide, 
howeyert  there  are  abnormal  oaeee  of  this  kind,  as,  for  example^  snerose 
(Endorf,  Z^M^  pl^mkaL  Chmi^  1908,  43,  257). 

JUeMUe  SoluUonB, — The  temperature  of  experiment  was  again  25^, 
and  the  viseosity  of  aloohol  is  taken  as  anity  at  this  temperature. 


Subst'tuce. 
Butyraniidu 


SoluHam  in  Mtk^  AleoM. 

Concentration.  Viscosity. 


*» 
I* 


J^4 


1-029 
1-061 
1*118 
1-205 


Substance.  Coucentraiioo.  Viscosity. 
Methylcarbamide     HJS  1  028 

1-060 

NJ2  1099 
N  1-212 


ft 


The  linear  formula  is  applicable  in  both  these 
A  oomparison  of  a  number  of  amides  at  normal  eoncentration  gave 
the  following  results : 


AceUmide    1-122 

Propionimidtt   1-156 

Bntytamlde   1-205 


Valeramide    1*246 

ii-Hexamide   1  -275 


The  increment  in  the  successive  numbers  is  not  constant,  ho  that  the 
property  is  not  of  a  strictly  additive  character.  The  viscosity  of  the 
corresponding  normal  aqueoos  soiutioDB  (taking  the  value  for  alcohol 
again  as  unity)  is  as  follows : 


Acetamide    0-926 

Piopionamide   1000 

*  By  eztiapolatien  firom  men  dilate  aolntiont. 


Butyramidc   1-080 

Valeramide*    1*149 


It  will  be  noticed  that  the  viscosity  constants  of  the  aqueous 
solutions  increase  more  rapidly  with  substances  of  increasing  mole> 
cular  weight  than  thoi>e  of  ihu  alcoholic  solutions. 

I  have  pl^sure  in  expressing  my  thanks  to  the  Council  of  the 
Chemical  Society  for  a  research  grant  to  defray  the  expenses  of  this 
inTestigation. 

Tub  UimrBBstTr, 
Olasoow. 
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XCVIIL — A  Oritieism  of  Werner's  Theory  and  the 

Constitution  of  Complex  Salts. 

By  John  Albbet  Nbwtoe  FEmm^  PI1.D. 

In  a  recent  communication  (Friend,  Trans.,  1908,  93,  260),  a  new 
theory  of  valency  was  suggested  in  which  it  was  pointed  out  tliat 
the  free  valencies  therein  postulated  correspond  witli  the  principal 
ones  of  Werner,  and  the  latent  with  the  auxiliary.  There  are,  howeY^f 
two  important  distinctions  between  the  last  named  : 

1.  Whereas  groups  attached  by  the  author's  latent  valencies  are 
dissociable,  those  attached  by  Werner's  auxiliary  valencies  are  not. 

2.  Werner's  aiudliary  valencies  differ  from  the  principal  ones  in 
the  amount  of  energy  they  eontain,  and  it  is  regarded  as  poisible  for 
several  of  them  to  combine  together  to  yield  a  principal  valeiioe. 

The  author's  latent  and  free  valenciee,  however,  ave  practioaUy 
identiealy  being  sepaiated  from  each  other  only  beoaiue  they  are 
aflsmned  to  eadst  in  pairs  of  equal  ^and  opposite  sign»  and  thus  do  not 
affect  the  chemical  nature  of  the  atom  to  which  they  belong.  In  this 
respect  they  resemble  the  neutral  affinities  of  Spiegel  {ZtiUfk,  tmor^. 
Ck&m,^  1908,  29,  365)  and  the  electrical  doahle  valencies  of  Arrfaenins 
{ThMrim  dtr  Chmie,  Leipzig,  1906). 

By  adopting  the  author's  theory,  formnks  for  simple  and  complex 
molecules  can  be  obtained,  which  not  only  embody  the  advantages  of 
Werner's  system,  but  are  free  from  many  of  its  objections.  This  may 
be  best  shown  by  taking  a  few  concrete  examples. 

Ammonium  Chloride, 

According  to  Wemer^s  theory,  the  formula  for  ammoniom  chloride 

is: 

BgN**  •  •  .BLOl, 

where  the  dotted  line  represents  tiie  auxiliary  valence  Joining  the 
hydrogen  to  the  nitrogen  nueleos.  The  chlorine  atom  is  thus  free  to 
dissociate,  whereas  the  hydrogen  is  not.   This  formula  explains  the 

readiness  with  which  ammonia  and  hydrogen  chloride  unite,  and  the 
ea<ie  with  which  the  resulting  compound  dissociates  on  heating. 
Against  it,  however,  a  large  number  of  facts  may  be  arrayed.  The 
nitrogen  is  here  represented  as  quadrivalent  and  the  hydrogen 
as  bivalent,  assumptions  for  which  we  have  no  warrant.  The 
fourth  atom  of  hydrogen  is  not  attached  to  the  nitrogen  in  the 
same  way  as  the  other  three  in  Werner's  formula,  but  the 
researches  of  Victor  Meyer  on  the  alkylammonium  iodides  indicate 
that  no  such  difference  in  reality  exists  (Friend,  loG*  ct<„  p. 
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tiulher,  if  we  replace  hydrochloric  acid  by  a  weak  acid,  as,  for 
example,  acetic,  the  degree  of  dissociation  of  the  weak  acid  is 
increased  by  neutralisation  with  ammonia.  This,  of  course,  should 
not  occur  if  we  are  bimply  dealing  with  the  addition  of  an  ^H^-group 
to  the  hydrogen  atom  of  the  acid. 

Finally,  as  Arrhenius  {loe.  cit.)  points  out,  tetramethylammonium 
hydroxide,  (CHg)4N*0H,  is  a  strong  base,  and  its  degree  of  dissociation 
is  similar  to  that  of  the  salts.  According  to  Werner's  theoryi 
howe?er,  it  is  to  be  regarded  as  an  additive  product  of  trimethylamine 
and  methyl  aloohol,  which  latter  is  probably  eren  less  dissociated  than 
water  itself. 

▲11  these  difficnltieB  are  overcome,  howeTer,  if  the  present  author's 
formnUB  are  accepted  (loe,  eiL,  p.  267). 

These  schemes  have  the  ^farther  advantage  of  explaining  the  ob- 
semtion  of  Kahlenberg,  that  onion  between  ammonia  and  hydrogen 
chloride  takes  place  in  the  presence  of  non-oondnoting  bensene 
vapour,  although,  as  Baker  has  shown  (Trans.,  1894,  65,  612),  when 
quite  dry  the  two  gases  will  not  combine.  Since  the  action  is 
moleculai',  the  benzene  serves  to  bring  the  molecules  together,  the 
presence  of  an  ionising  holventi  such  as  water,  being  unnecessary. 


AmmiiuhconipouTuU, 

Two  compounds  are  known  having  the  composition  PtOl4(NHg)|. 
Neither  isomeride  shows  any  appreciable  dissociation  in  aqueous 
solution.  It  is  therefcve  assumed  by  Werner  that  the  six  elements 
or  groups  are  attached  direetly  to  the  pUtinnnii  the  four  chlorine 
atoms  by  principal  valencies,  and  the  two  NHg  groups  hy  auziliary. 
Thus: 


It  is  clear  that  if  these  groups  are  arranged  spatially  around  the 
platinum  atom,  two  different  schemes  are  possible,  namely,  one"  in 
which  the  two  NHg-groups  are  adjacent,  and  one  in  which  they  are 
opposite.    These  represent  the  isomerides  known. 

Here,  again,  nitrogen  is  represented  as  quadrivalent,  and  the 
platinum  as  sexavalent.  Further,  tho  indefinite  nature  of  the 
auxiliary  valencies  is  a  drawback,  and  it  is  difficult  to  seo  why  the 
hydrogen  and  chlorine  are  not  endowed  with  them  here,  as  in  so  many 
other  compounds. 
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FiiiAlly,  if  the  faet  ibat  tlie  deiiieiitB  mte  jomed  dizeetij  to  tin 
metsl  affords  an  ezplanatioii  for  the  ondiMOoiable  nature  of  tin 
oomplexy  it  ie  remarkable  that  in  poianimn  chlorido^  to  qvoto  a 
familiar  enmple,  we  hate  a  highly  dimoeiable  salt. 

Spiegel  (loc.  eit.)  suggests  that  the  auxiliary  valencies  of  Werner 
correspond  with  his  neutral  affinities.  He  therefore  attributes  to 
platinum  four  active  valencies,  by  means  of  which  the  chlorine  atom^ 
are  attached,  and  two  pairs  of  neutral  affinities  (formula  I) : 

 01 

(I.)  (11.) 

The  ammino-oompoond  under  oonsideratton  weald  praomably  b* 
ropieeonted  by  the  fonnnia  (II). 

This  certainly  obviates  the  necessity  of  introducing  qoadrifafasi 
nitrogen,  and  it  also  givee  a  tiertain  deftniteness  to  the  aiudUiiT 
▼alenoiee.  It  dose  not  explain  the  undieaooiable  nature  of  the  tn/t 
pound,  however,  and,  further,  if  the  neutral  affinities  of  the  metdi 
generally  exhibit  such  pronounced  activity,  it  is  remarkable  that, both 
in  solution  and  in  a  state  of  vapour,  their  molecules  should  be  almost 
exclusively  monatomic  (Tammann,  Zeitach.  anorg,  Chem.y  1907, 
55,  289 ;  Warteuberg,  Zeitach.  anorg.  Ch«m.,  1907,  56, 
Kurbatoff,  J.  Russ.  Phys.  Cheni.  Soc.,  1907,  39,  1181,  1216). 

The  present  author  therefore  suggests  that  a  hexatomic  shell  foriiij 
round  the  metal  in  the  way  indicated  by  Werner,  but  that  all  the 
elements  (or  groups)  are  joined  together  by  latent  valencies,  and  not 
necessarily  to  the  metal  iteelf.  Thus,  in  the  case  nnder  considentMSi 
the  f ormola  becomeB : 

Olv  ^Cl 

i>(i 

■ 

Note.— 'For  the  aakeof  ol«aniMt  theatomsan  bm,  snd  in  the  siMoadiag  mhaam,  * 

represcntcxl  as  lying  iu  one  plane.  It  is  easy  to  sec  thtt  if  a  second  {>aii  of  latent  , 
valencies  is  developed  from  each  atom  in  the  ring,  a  qpaUal  oonfiguiatkii  *  | 
obtained. 

Whilst  possessing  none  of  the  disadvantages  of  the  formulaeof  Wemff 

and  Spiegel,  this  scheme  affords  a  ready  explanation  of  the  fact  thst 
dissociation  cannot  take  place  without  the  destruction  of  the 
complex. 
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If,  now,  the  four  chlorine  atoms  in  the  ring  are  replaced  by 
ammonia,  the  complex  [Pt(NH3)g]Cl4  ia  obtained. 

AccordiDg  to  Werner,  the  six  NHg-groups  are  attached  directly  to 
the  platinum,  and  constitute  the  first  zone.  The  dissociable  chlorine 
atoms  hover  round  the  nucleus  in  an  indefinite  manner,  and  are 
classed  as  the  second  or  outer  zone. 

Briggs  (Proc,  1908,  24,  94)  suggests  that  the  platinum  atom  has 
both  positive  and  negative  affinities,  and  draws  up  a  scheme  accordin^^ 
to  which  all  ten  elements  (or  groups)  are  attached  directly  to  the 
metal 

According  to  the  preaent  author,  however,  the  complex  is  represented 
by  the  scheme : 

en  5» 


NH, 

CI— j-Pf-^Cl  , 

in  which  the  platinum  retains  its  quadrivalent  nature.  The  dissociable 
nature  of  the  chlorine  atoms  is  due  therefore  to  tfieir  being  attached  to 
the  platinym  afom,  but  7iot  being  included  in  the  sfieU. 

It  is  easy  to  aoe  by  this  arrangement  that  the  complex  [Pt(NH^)0] 
will  form  one  ion,  for  the  platinum  atom  will  be  unable  to  escape  from 
the  hezatomic  nitrogen  shell  suironnding  it. 

The  formula  for  the  complex  [i't^^^*'*]  will  ^^^^  • 

01  JT 

V  \ 

H3N\     NH,  , 

CI  1— Pt— |— 01 

H,N    I  NH. 

in  which  'one  chlorine  atom  has  been  included  in  the  shell.  Coo. 
aequently,  only  three  chlorine  atoms  are  dissociable. 


In  potassium  platinichloride,  KoPtCl^,  we  have  a  typical  example  of 
a  second  class  of  complex,  namely,  that  in  which  the  simple  ions  are 
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pofitiyei  and  are  attacM  divaetly  to  the  aliall  and  not  to  tho  eentnl 

metallic  atom.   Thus : 

K 
I 

CI  C 

k><i  ■ 

ci 
I 

By  working  along  lioes  aunilar  to  those^  it  is  easy  to  oonstnict 
suitaUe  formulia  for  all  the  complexea  which  ha?e  aa  yet  hesn 
discoTered. 

It  Is  interesting  to  observe  that  inorganic  compounds  may  thus  be 

grouped  into  two  classes,  uamoly,  those  which  contain  lioxatomic 
shells,  and  those  wliich  do  not,  whereais  organic  compoundjj  ai"e 
classihed  according  as  they  possess  hezatomic  rings  or  not. 


XCIX. — The  Reaction  of  Diazmiium  Salts  with  Mo7i>o- 
and  Di'hydric  Phenols  and  with  NaplUhols. 

By  Kennedy  Joseph  Previti':  Obton  and  Keuinald  William  Evkhatt. 

SiNOB  the  publication  of  GoMsohmidt's  {Ber.y  1897,  30»  670  j  slstf.) 
enact  quantitative  ezperinients  on  the  coapUng  of  diasooomponnds 
with  anilines  and  phenols,  it  has  been  elear  that  there  is  little  differ- 
enee  between  the  three  dasses^  the  diaaoninm  salts,  the  diaaotates 
(the  normal"  or  ^yndiaaotates),  and  tiodiaiotates  in  this  respect. 
Inasmuch  as  it  was  shown  by  him  that  only  the  hydrolysed  fraction 
reacts  with  the  phenol,  the  decisiTe  lector  in  the  rapidity  and  extent 
of  the  reaction  is  the  degree  of  hydrolysis  which  the  particular  dtaso- 
compoand  undergoes  under  the  conditions.  When  other  conditions 
(nature  of  the  acid  radicle,  dilution,  and  temperature)  are  kept 
constant,  this  degree  of  hydrolysis  depends  on  the  strength  of  the 
diazonium  base ;  or,  with  similar  reservations  in  the  case  of  the 
diazotates  and  the  i^odiazotates,  on  the  strength  of  the  corresponding 
acid,  the  diazohydroxide.  Whether  the  free  diazonium  hydroxide,  or 
whether  the  diazohydroxide  (^idiazoliy  dioxide)  which  Hantasch 
claims  to  oust  to  a  greater  or  less  degree  in  solutions  of  all  diasonium 
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Ar»  IN  •llrt  

bases  thns ;      m  ArNCN'OH,  is  the  rasotive  snbstanoe,  is 

immaterial  for  the  present  discussion.  All  circumstances  which 
reduce  the  extent  of  this  hydrolysis,  such  as  excess  of  a  mineral  acid 
in  solutions  of  diazonium  salts,  or  excess  of  alkali  in  solutions  of 
diazotates,  diminish  the  rapidity  and  extent  of  the  coupling. 
Inasmuch  as  the  normal  diazotates  are  generally  the  most  hydi  olysed 
of  the  three  classes  of  diaso-compounds  (when  the  three  are  obtain- 
able), faintly  alkaline  solutions  of  this  form  ava  nsnaUy  preferred  for 
the  preparation  of  the  hydroxyazo-compounds. 

No  systematio  study  of  the  interaction  of  diaaonium  salts  and 
phenols  in  whieh  the  eonstitation  of  the  diaMninm  oonaponnd  and  the 
phenol  has  been  yaried  appears  as  yet  to  have  been  made.  That 
diaio-eomponnds  eonple  with  ^naphthol  or  resoroinol  in  the  presence 
of  mineral  aeid  has  been  long  known  (Wallaoh,  J?er.,  1882,  15,  27 ; 
laebennaaTi,  Btr*^  1883, 10,  2859) ;  and  applications  have  been  made 
of  these  observations  in  the  eolonr  indostry.  Bamberger  and  Uantzsch 
have  nsed  an  aleoholio  solntion  of  )8-naphthol  for  the  preparation 
of  the  azo-compound  from  diazonium  salts  (for  example,  Ber.,  189S» 
28,  848).  This  method  is  alone  available,  and  gives  excellent  results 
in  the  case  of  those  diazo-compounds  in  wliich  negative  substituents 
are  present  in  the  positions  2,  4,  and  6  with  respect  to  the  diazo- 
group,  since  such  diazo-compounds  will  not  couple  in  a  solution  which 
is  more  than  feebly  alkaline ;  moreover,  in  such  feebly  alkaline 
solutions  haloffen  is  eliminated  from  the  benzene  nucleus,  and  hence 
the  preparation  of  a  pure  product  is  rendered  difficult  (Orton,  Trans., 
1903,  83»  796;  a  teq.). 

In  onr  own  experiments  we  have  investigated  the  reaction  of 
a  series  of  diazonium  salts  of  constitution  varying  between  the  highly 
faasio  diaao-^cumene  and  the  feebly  basic  «-tribromodiazobenzene, 
with  a  number  of  monohydrio  phenols,  the  dihydrio  phenols,  and  a- 
and  /^naphthoL 

All  diasonium  salts,  even  the  diasonium  hydrogen  sulphates,  couple 
with  equal  readiness  with  jS-naphthol  in  alcoholic  solution,  both  thoro 
derived  from  the  feebly  basic  e-tribromobensenediazoninm  hydroxide 
and  similar  bases,  and  those  derived  from  the  powerful  bases,  m-zylene- 
and  ^umenediasonium  hydroxides.  In  fact,  wh»i  the  solid  diasonium 
salts  can  be  easily  prepared,  this  method  of  obtaining  the  azo-^- 
naphthols  is  to  be  preferred. 

The  method  of  preparation  is  very  simple.  Molecular  proportions 
of  the  diazonium  hydrogen  sulphate  and  the  naphthol  are  respectively 
dissolved  in  so  much  alcohol  that  the  diazonium  salt  is  ultimately  at  a 
concentration  of  1 — 2  per  cent.  Generally  the  separation  of  the  azo- 
/3-naphthol  begins  immediately,  and  is  complete  in  a  few  minutes. 

VOL.  XCIII.  8  X 
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The  melting  point  of  the  original  separation  is  scarcely  cbaDged  by 
recrystallisation  from  acetic  acid. 

Effect  of  Solvent, — Variation  in  solvent  has  very  little  effect  on  the 
coupling  with  )3-naphtho].  In  methyl  and  ethyl  alcohols,  acetone, 
acetic  acid,  or  formic  acid,  no  differences  were  observed.  When 
acetone  was  the  medium,  the  diazonium  salt  was  mainly  in  suspension. 
The  low  solubility  of  /3  naphthol  in  water  necessitated  the  use  of  a  very 
large  bulk  of  this  medium,  but  the  coupling  of  /3-naphtbol  with 
f-tribromobeiixeiiediazoniam  hydrogen  sulphate  wm  not  in  any  way 
modified. 

Nature  ofJhi$  Pkmol, — The  constitution  of  the  phenol  has  a  very- 
marked  influence  on  the  reaction  with  diazonium  salts.  a-Naphthol  is 
indistinguishable  in  its  behaviour  from  /8-naphthol,  bat  the  mono- 
faydric  phenols  of  the  .bensene  aeries  searoely  react  with  add  solationa 
of  diaso^somponnds.  Bzperiments  were  made  with  phenol^  o-  aiul 
IHsresol,  o-  and  p-nitrophenol,  using  the  series  of  diaaonima  salts 
mentioned  above.  At  most  a  coloration  was  produced.  It  was 
shown  in  the  case  of  s-tribromodiasobenaene,  wfaioh  reacts  mors 
extensively  than  the  other  diazo^somponnds,  that  the  normal  product 
was  formed.  The  replacement  of  the  mineral  acid  by  acetic  acid,  by 
addition  of  sodium  acetate — in  some  cases  considerable  excess  was 
necessary — of  course  induced  combination. 

The  dihydiic  phenols,  reaorcinol  and  orcinol  (quinol  and  catechol 
behave  in  an  exceptional  manner),  resemble  the  naphthols.  In  an 
alcoholic  medium,  coupling'  is  rapid  and  roughly  quantitative  with  the 
hydrogen  sulphates  of  all  typea  of  diazonium  bases. 

In  water,  in  whieii  solvent  resorciool  and  orcinol  are  readily 
soluble,  there  is  differentiation.  Coupling  is  only  complete  at  the 
concentration,  one  per  cent.,  and  the  temperature  here  used,  with  the 
diasonium  hydrogen  sulphates  of  bases  containing  negative  groups, 
such  as  s-tribromodiasobenzene,  «-tribromo>m-diasotoluene,  and  3 : 5- 
dibromo-p-diazotoluene.  All  the  other  diazonium  salts  tried,  snoh 
aa  those  derived  from  bromoaniline,  i^nitroaniline^  aniline^  j^toln^din•» 
ii»-zyUdine>  and  ^-conudine^  either  coaple  incompletely  or  do  not 
react. 

In  these  experiments  the  diaioniom  salt  and  the  rssoroinol  (or 
orcinol)  were  dissolved  in  so  much  water  that  the  dtaaoninm  salt  waa 
ultimately  at  a  concentration  of  one  per  cent.  After  mixing,  the 
solutions  were  kept  for  one  hour,  or  in  seme  casss  thrse  lionrav 
the  longer  period  not  modifying  the  result  materially.  If  the 
diazonium  salt  was  unstable  at  the  ordinary  temperature,  as  was  the 
case  with  the  diazo-i/^  cumene,  diazo-7;i-xylene,  diazo-p-toluene,  ami 
diazobenzene,  the  mixture  was  kept  at  0°,  but  with  the  more  stable 
dii^zonium  salts  the  solutions  were  at  the  ordinary  laboratory  tempera- 
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tore.  The  azo-compound  was  collected  and  tho  presence  of  unchanged 
diazo-compound  looked  for  in  the  liltrato  by  reduction  of  the  acidity 
hy  means  of  sodium  acetate.  In  the  hrst  iiistiince,  one  molecular  pro- 
portion of  sodium  acetate  was  introduced,  and  any  azo-compound 
which  separated  collected  in  half  an  hour,  the  filtrate  being  again 
mixed  with  another  molecular  proportion  of  acetate. 

The  diazonium  hydrogen  sulphates  derived  from  7?-toluidine, 
m-xylidine,  6-bromo-«/r-cumidine,  and  other  similarly  constituted 
diazonium  salts,  did  not  react  at  all  with  resorcinol  until  a  molec- 
ular proportion  of  sodiam  acetate  had  been  added,  but  Una  amount 
was  suffioieiit  to  complete  the  coupling.  That  is,  the  coupliAg  of 
these  diaso-oompounds  is  quantitative  at  the  concentration  used,  in 
the  preeence  of  one  equivalent  of  sulphuric  acid.  In  the  case  of  diaso* 
^umene  no  reaction  had  ooourred  even  in  the  presence  of  two 
molecular  proportions  of.  sodium  acetate,  but  after  addition  of  a  large 
6X0688  a  quantitative  coupling  resulte. 

In  the  light  of  Qoldfichmidt's  quantitative  meesurements,  we  may 
oondude  that  the  phenol  reacts  most  readily  and  extensively  wi^ 
thcee  diasonium  salts  which  are  derived  from  the  weaker  diasonium 
ha86%  and  are  hence  the  mor8  hydrolysed  in  the  presence  of  a  given 
concentration  of  scid.  The  weaker  the  base  the  more  extensive  is  the 
coupIiDg.  As  tho  coupling  proceeds  the  concentration  of  the  acid  rises 
sufiiciently  in  the  caise  of  p-nitrobenzene-,  /?-bromobenzene  ,  and 
benzene-diazonium  hydrogen  sulphates,  to  bring  tho  reaction  to  a 
standstill.  In  the  case  of  the  other  diazo-compounds  above  referred 
to,  the  initial  concentration  of  acid  does  nob  permit  any  reaction. 

Tho  order  of  activity  of  a  diazonium  basis  given  by  the  reaction  of 
resorcinol  is  the  ^ame  as  that  deduced  by  Davidson  and  Hantzsch,  and 
Engler  and  Hantzsch  {Ber.,  1898,  31,  1612,  2179;  1900,  33,  2U7), 
from  measurements  of  the  electrical  conductivity.  They  found  that 
^-cumenediazonium  hydroxide  was  a  base  of  the  same  order  as  ,  the 
alkali  hydroxides,  and  that  diminution  of  the  number  of  alkyl  groups 
or  accumuUtion  of  negative  groupe  is  followed  by  decrease  in  the 
activity  of  the  base. 

To  what  is  to  be  ascribed  the  difference  between  the  phenols  in  their 
behaviour  is  not  easy  to  suggest^  Goldschmidt  showed  that  the 
reaction  took  place  between  the  free  phenol  and  the  diaso-oompound, 
but  from  his  measurements,  made  mainly  in  alkaline  solution,  it  is  only 
possible  to  infer  that  the  less  aeid  phenols  react  more  rapidly ;  for 
example,  thymol  reacted  with  the  greatest  speed  with  diasotatesi 
excess  of  alkali  having  little  deterring  effect.  Possibly  the  reactive 
phenols,  naphthols,  resorcinol,  and  orcinol  (which  belong  to  the  moro 
acid  phenols)  exist  in  solution  to  a  small  extent  in  an  active  tautomeric 
form.    Other  properties  of  these  three  phenols  have  suggested  to 
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obemlats  that  tbey  'pftss  more  extensively  in  certain  solvents  than 
other  phenols  into  a  qninonoid  or  ketonic  form,  thus : 

Oil 

If  the  diazoninra  or  diazo-hydroxide  reacts  exclusively  or  more 
readily  with  this  ketonic  isomeride,  the  exceptional  character  of  these 
three  phenols  would  be  in  some  degree  accounted  for. 

The,  Injluence  of  Concmtration  of  Acid. — The  solubility  of  resorcinol 
and  orciool  in  water  renders  easy  a  study  of  the  influence  of  tho 
ooDcentration  of  acid  on  the  coupling  of  those  diazonium  salts  which 
oouple  completely  under  the  conditions  above  described.  A  series 
of  experiments  was  carried  out  in  which  the  conoentration  of  the  acid 
(sulphuric  acid)  was  continually  increased,  the  concentration  of  the 
.  diazo-componnd  and  the  phenol  being  kept  constant.  The  completion 
of  the  reaction  was  ascertained  by  collecting  the  product  and  diluting 
the  mother  liquor  either  with  water  or  with  aqueous  sodium  acetate. 

In  the  case  of  3 :  5*dibromo^toluenediaaonium  hydrogen  sulphate  a 
slight  excess  in  the  concentration  of  the  acid  was  sufficient  to  bring 
the  reaction  to  a  standstilL  Thus  a  solution  of  0*5  gram  of  the  salt 
in  40  cc  d  water  coupled  completely  with  one  gram-molecular  pro- 
portion of  resorcinol  present  in  the  solution.  But  if  a  higher  concen- 
tration of  diasoninm  salt  was  used,  for  example,  0*85  gram  in  40  c.c.  of 
water,  the  coupling  was  partial,  and  only  became  complete  on  dilution 
with  water. 

\\'ith  s-tiibromodiazobenzeno  and  «-tribromo-7u-diazotoluene  the 
results  were  very  different.  The  concentration  of  the  acid  could  be 
very  largely  increased  without  effect  on  tlie  extent  of  the  coupling. 
The  former  diazo-compound  even  reacted  quantitatively  with  resorcinol 
in  a  54*5  per  cent,  solution  of  sulphuric  acid,  the  coupling  only 
becoming  slower  and  incomplete  in  a  73  per  cent,  solution.  Neverthe- 
less, even  at  this  high  concentration  of  acid  only  a  small  amount 
of  diazo-compound  remained  uncombined.  Similar  results  were 
obtained  with  the  tribromodiazo toluene.  Not  only  was  the  extent  of 
coupling  unaffected,  but  the  rapidity  was  undiminished  by  the  increase 
in  the  concentration  of  acid.  Substitution  of  orcind  for  resorcinol  did 
not  affect  the  results. 

In  a  few  experiments,  methyl  alcohol  was  used  as  a  solvent  instead 
of  water.  Up  to  a  concentration  of  7*7  per  cent.,  the  highest  concen- 
tration used,  sulphuric  add  had  no  effect  on  the  extent  or  rapidity  of 
coupling.  In  this  case,  the  extent  of  the  coupling  was  demonstrated 
by  collecting  and  weighing  the  coupled  product,  and  not  by  dilution. 

The  identity  of  the  azo-resorcinols  formed  in  these  acid  media  with 
those  prepared  and  described  in  the  foregoing  in  alcoholic  or  aqueoua 
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media  in  the  absence  of  excess  of  acid  was  demonstrated  by  detemiii^ 
ation  of  melting  points  and  by  analyses. 

Tbe  following  tables  will  show  a  few  of  the  experiments,  and  will 
give  flome  idea  of  tbe  procedure  adopted : 

1.  B-lVihromabenzeniidiagomfm  Hydrogen  SulphaU  and  E$ioreinol. 


No.  of 
equivalents 

of  H,S  O  ^  Perce  n  Uf^Q 
Weight  of        Volume  of      Volume  of     to  1  equiv.  of      of  H^O^  • 

diazooium  salt  H^SO^  in  c.c.  solution  ia  c.c.    diazo-salt  by  weight. 

0-41                —               S5                 1  0-72 

0*41               9*9              25              100  54-5 

0*41              14-9             25             150  73*0 

2.  ar7Vibrom4ihmiun0dia»onifun  Hydragm  SulphaU  and  Oreinol, 

0*41               lil             25               20  18-5 

0-41               2-9             25               80  18*8 

3.  9'lSrihrmnc-m'4phim9diazmium  Hydrogm  Sutphai$  and  R$9areinoi 

0-42               —               25                 1  0-72 

0-42               2-9              25               80  18-8 

0-42               4-9              25               50  81*0 


The  phenol  and  diazonium  salt  were  used  as  aforesaid  in  molecular 
proportions.  The  depression  of  the  solubility  of  the  resorcinol  by 
the  snlphurie  add  did  not  permit  of  higher  concentrations  of  the 
reacting  substances  being  used.  The  mixtures  were  maintained  at 
the  temperature  of  the  laboratory »  namely,  9 — 12^.  Thediaaonium 
salts  were  colourless  and  in  weU  formed  crystals ;  they  had  been 
purified  by  solution  in  methyl  alcohol  and  precipitation  with 
ether. 

A  single  expeiiment  wjvs  made  with  benzenediazonium  hydrogen 
sulphate  and  resorcinol.  When  these  substances  interact  (in 
molecular  proportions),  tbe  diazonium  salt  being  at  a  concentration 
of  1  per  cent.,  the  coupling  only  tak(»  place  to  the  extent  of 
10'5  per  cent,  (estimated  by  weighing  the  azo-compound).  Wheu  the 
concentration  of  sulphuric  acid  attains  2*3  per  cent,  no  reaction  is 
observed. 

It  is  no  easy  matter  to  account  for  these  remarkable  observations. 
It  is  difficult  to  believe  that  in  this  case  the  reaction  occurs  between 
a  bydrolytically  dissociated  fraction  of  the  diazo-icompound  and  the 
phenol  j  in  6 — 6  i\r-sulphuric  acid,  the  concentration  of  hydrosgrl  ions 
must  be  so  low  that  hydrolysis  becomes  impossible.  These  experiments 
add  one  more  to  the  nomerous  recorded  peculiarities  of  those  diazo- 
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compounds  which  possess  these  negative  groupg  symmetrically  placed 
with  respect  to  the  diazo-group.  That  this  grouping  entails  some 
peculiarity  in  the  constitution  of  the  diazo-group,  or  in  the 
constitution  of  the  benzene  nucleus,  may  be  suggested,  but  further 
evidence  must  be  collected  before  more  definite  views  can  be 
expressed. 

Tk$  CaufiUng  oj  JHa^o-oampounds   and    Buorcmol   in  Alkalim 

SokUim. 

Inasmuch  as  the  conditions  affocting  coupling  in  alkaline  solutions 
have  been  clearly  defined  by  Goldschmidt,  only  a  few  experiments 
have  been  made  with  resorcinol  to  test  the  behaviour  of  some  of  the 
^-trisubstituted  diazobenzenes.  These  diazo-compounds,  a-tribromo- 
diazobenzene,  3  :  5-dibromo-;)-diazotoluene,  5-bromodiazo-w- xylene,  , 
appear  to  yield  only  one  series  of  diazotates,  which  are  characterised 
by  possessing  considerable  sta])ility,  resembling  in  many  respects  the 
tsodiazotates  of  less  substituted  compounds.* 

These  various  diazotates  show  considerable  differences.  In  the 
first  place,  the  behaviour  of  the  «-tribromo-derivAtive  is  complicated 
by  the  iosolubility  of  the  potassium  salt  of  the  coupled  product ;  this 
salt  separates  during  the  reactioui  and  thus  prevents  the  free  alkali 
hydroxide  aooumulating  in  the  solution.  On  this  aoooant,  the 
ooupling  is  oomplete  when  molecular  proportions  of  reeotdnd  and 
diazotate  are  used  in  absence  of  any  ezoess  of  alkali.  With  the 
other  two  diasotates,  -no  separation  of  an  insoluble  salt  ooours,  and 
the  effect  of  the  formation  of  alkali  during  the  reaetion  oan  bo 
studied,  when  due  precautions  are  taken  to  prevent  the  entry  of 
carbon  dioxide  from  the  air. 

In  a  1  per  cent,  solution,  potassium  dibromo^toluenediaao- 
tate  only  partly  reacted  with  resorcinol.  When  the  coupled 
product  was  filtered  after  keeping  for  three  hours  and  carbon 
dioxide  passed  into  ilie  filtrate,  a  further  separation  of  the  azo-resorciuol 
resulted. 

Under  similar  conditions,  however,  the  bromodiazo-7?i-xylene  com- 
pletely reacted  with  resorcinol,  but  if  initially  one  equivalent  of 
sodium  hydroxide  were  presenti  the  coupling,  although  extensive,  was 
not  quite  quantitative. 

It  is  to  be  noted  that,  of  the  two  diizo-compounds  last  mentioned, 
the  bromo-wi-xylenediazotate,  which  reacts  most  readily  with  the 
phenol,  is  consequently  most  hydrolytically  dissociated,  and  therefore 
the  derivative  of  a  weaker  acid,  oorresponds  with  a  diaaonium  aalt» 

*  A  number  of  diazotates  of  thest  symmetrical  trf'subititated  diazobe&MMe 
have  been  |  r  ire  1  in  this  laboratory ;  their  charsctsrs  aad  peeuUaiities  will  be 
dMcribed  in  *  aubsequent  commiuiiiMition. 
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which  in  its  behaviour  to  resorcinol  would  seem  to  be  derived  from 
the  stronger  diaaonium  base.  That  constitution  of  the  benzene 
nudetts  which  giTW  the  atronger  diaio-base  yields  (he  weaker 
diaio-acid. 

Some  A  zO'phenols  and  -naphthols. 

In  the  ooune  of  these  eiqMriments,  we  have  prepared  a  number  of  aso- 
deriTatives  of  resorcinol,  oroinol,  and  a-  and  /3-naphthol  which  have 
not  hitherto  been  described. 

Az4hd0rivativ0  ^  Bttorcinol. 

The  azo-derivatives  of  resorcinol  can  in  general  be  easily  prepared 
by  mixing  molecular  proportions  of  diazonium  salts,  hydrogen  sulphates 
or  chlorides,  and  the  resorcinol  in  aqueous  or  alcohol  solution.  In 
alcohol,  the  coupling  is  rapid  and  complete  with  all  the  diazonium  salts, 
but  in  aqueous  solution  complete  coupling  only  occurs  when  the 
diazonium  salt  is  a  derivative  of  a  feeble  diasoniam  base,  that  is,  a 
base  with  negative  constituents  in  the  benzene  nucleus.  The  addition 
of  sodium  acetate  which  canses  the  replacement  of  the  strong 
mineral  acid  brings  the  interaction  to  completion.  The  diazoniom 
salts  derived  from  s-tribromoanilinei  8 : 5-dibromo^*tolmdine,  and 
s-tribronuHn-tdlaidine  interact  quantitatively  in  aqueoos  solution 
notwithstanding  the  liberation  of  mineral  acid  during  the  process. 
In  the  case  of  the  diazoniom  salts  derived  from  aniline,  j0-bromo- 
aniline^  4o.,  the  coupling  is  only  complete  after  the  addition  of 
one  moleonlar  proportion  of  sodium  acetate.  With  still  stronger 
disioniom  bases,  such  as  those  derived  from  thetolnidinee,  m-zylidine, 
Aa,  no  reaction  takes  place  until  a  molecular  proportion  of  sodium 
acetate  is  added,  when,  however,  coupling  is  complete. 

The  azo-resorcinols  are  of  course  readily  soluble  in  alkali  hydroxides, 
and  in  many  cases  form  {)of,a>^sium  salts  of  singularly  low  solubility. 
These  salts  are  precipitated  when  a  dilute  aqueous  solution  of  resorcinol 
is  added  to  dilute  alkaline  solutions  of  the  diazonium  compounds. 

The  azo-resorcinols  (and  azo-orcinols)  which  separate  from  aqueous 
solution,  either  acid  or  alkaline,  are  always  in  a  colloidal  condition. 
Filtering  and  pressing  on  an  absorbent  plate  yields  a  material  melting 
below  100°.  This  material  may  contain  as  much  as  60  percent,  of 
water,  which  is  slowly  given  up  on  exposure  over  sulphuric  acid« 

Kg  definite  hydrates  such  as  have  been  described  by  Hewitt  were 

isolated. 

pared  from  jttribromobenzenediasonium  hydrogen  sulphate  and 
ssmoimpl  in  aqueous  or  alcoholic  solution;  it  crystallises  from 
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glacial  acetic  acid  as  a  pale  red,  miorocrystalliue  powder  melting  at 
182°: 

0-2067  gave  0*2562    AgBr.    Br  =  52  8. 

OiiH^OjNjBr,  requires  Br  =  63*18  per  cent. 

The  jBoloffttMil  aalt  is  an.  inaolublei  gelatinooi  precipitate^ 

2:4: 6-IW5fvmo-m-<oftMne4-<i«or«tor0tna{, 

OeHMeBrg-N,*OA(OH),. 
This  compomid  is  f onned  under  exactly  the  same  conditions  as  the  last 
mentioDed.   It  erystallises  from  ghudal  acetic  add  in  mierosoopic^  pala 
orange  erystalB  meltiDg  at  151 — 152° : 

0-1853  gave  0  2236  AgBr.    Br  =  51  35. 

CjgH.jO.^N  .Brg  requires  Br  =  51  "58  per  cent. 

3  :  b-Dibromo-'^-tol-aene  i  azoresorcinol,  Gfi^lel^v.^"!^ ^"G^jlflH.)^.-— 
This  substance  was  prepared  as  above  described;  it  is  beet  to  use 
metby]  alcohol  as  medium  for  the  coupling. 

The  azo-compound  crystallises  from  acetic  acid  in  bright  red 
needles  melting  at  141° : 

0*22  gave  0*2087  A  gBr.    Br  -  41 19. 

Ci3H^(,0^N.^Br^  requires  Br  » 41*42  per  cent. 

^-Bromohenzene-i-azoresarcinol,  CgH^Br'N2'C^H3(OH)j,  is  prepared 
from  the  diazonium  hydrogen  sulphate  and  resorcinol  in  aqueous 
solution  in  the  presence  of  one  molecular  proportion  of  sodium 
acetate,  or  from  an  alkaline  solution  of  ;>-bromodiazobenzene  and 
resorcinol  when  the  potassium  salt  of  the  hydroxyazo  compound 
separates.  The  compound  crystallises  from  acetic  acid  in  transparent, 
orange  lamina^,  which  apparently  contain  acetic  acid,  since  on  washing 
with  alcohol  they  become  bright  red  and  lose  their  transparency.  It 
melts  then  at  191 — 192°,  and  is  fairly  soluble  in  alcohol  or  aoetio 
acid : 

0*1783  gave  01 149  AgBr.   Br  -  27-42. 

Ci^H^O^NjBr  requires  Br- 27*24  per  cent. 

The  potassium  salt  crystallises  in  large,  red  prisms,  which  are  very 

sparingly  soluble  in  water  : 

0-46  gave  0*1176  E:2S0,.  K-11-48. 

Oj^gOsN^BrK  requues  K- 11*82  per  cent 

^  yiirobtntmie-^'azorwmfinol,  KO,-CQH4*Ns*C0H8(OH)2.^This  axo. 
compound,  which  appears  to  have  been  obtained  by  Meldola  (Trans., 

1885,  47,  660),  who  gives  no  melting  point,  is  formed  as  an  insoluble 
8odium  salt  when  au  aqueous  solution  of  sodium  />-nitrobenzenedi- 
azotate  is  added  to  an  aqueous  solution  of  resorcinol.  It  ib  best 
purified  by  repeated  recrystalHsation  from  methyl  alcohol,  whereby  a 
!>mali  amount  of  a  high  melting  solid^  |>ossibly  a  bisazo-compoundf  ip 
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separated.  It  forms  a  dark  red,  microcryBtalUn^  powder  melting  at 
199—200° : 

0*1080  gave  14*6  o.e.  moist  nitrogen  at  9*5^  and  772  mm.  N  - 16*66. 

requires  K- 16*36  per  oent. 

The  sodium  salt  separates  as  a  brownitih-red,  crj^stalline  powder 
which  is  highly  insoluble  in  water. 

Q-Bromo-m-xyUne-i  azoresorcinol,  C^Tl^^e2Br''S ^•C^'H..^(0li).2,  is  best 
prepared,  using  water  as  the  solvent,  for  the  diazonium  hydrogen 
sulphate  and  the  resorcinol.  Crystallisation  from  acetic  acid  separated 
a  small  quantity  of  a  material  with  a  high  melting  point,  above  250^, 
wluoh  is  probably  a  bisazo-compound.  Tho  substance  crystallises  in 
red  needles  melting  at  133^>  and  is  readily  soluble  in  methyl  or  ethyl 
aloohols; 

0*2331  gave  01300  AgBr.   Br- 34*79. 

Cj^HjgOjNjBr  requires  Br -24*09  per  eent 

G-Bromo-if/-cuinem-i-azoresorciriol,  CgHMe3Br*N2*CgHg(OH)^,  is  pre- 
pared by  coupling  the  corresponding  diazonium  hydrogen  sulphate 
and  resorcinol  in  aqueous  solution  in  the  presence  of  sodium  acetate. 
It  crystallises  from  acetic  acid  in  very  dark  red,  lustrous  needles 
melting  at  314°,  and  is  but  sparingly  soluble  in  aloohol : 

0*1810  gave  0*1 005  AgBr.  Br  «  23*64. 

CijHj^OaNjBr  requires  Br -33*85  per  cent. 

P-Naphlhalene-i  azoreaorctnol,  Cjj3H.'N./C^;H3(OH).2,  was  prepared 
from  the  diazonium  salt  and  resorcinol  iu  alcoholic  solution,  from 
which  it  separated  in  dark  red  needles  melting  at  181 — 182°.  It 
orystalliaed  readily  from  acetic  acid : 

0*1010  gave  9*3  c.c  moist  nitrogen  at      and  766  mm.   N  - 1 1*1. 
O^^fiJX^  requires  N  - 10*63  per  cent. 


Azihd^rivativea  of  Oroinol. 

The  behavioiir  of  oroinol  with  diasoninm  salts  very  closely  resembles 
that  of  resorcinol,  the  ready  solubility  of  oroinol  in  water  permitting 
the  coupling  to  be  carried  ont  in  that  solvent.   The  reaction  with 

diazonium  hydrogou  sulphates  is  quantitative  in  ethyl-  or  methyl- 
alcoholic  solution ;  in  water,  the  extent  of  the  coupling  depends  on 
the  character  of  the  diazonium  base  in  exactly  the  same  way  aa  was 
found  in  the  civse  of  the  resorcinol,  addition  of  sodium  acetate  often 
being  necessary  to  bring  the  reaction  to  completion. 

B'Trihromohenzeneazo  orcinol,  0,.H2Brjj*N2*CgH2Me(OH),^,  crystal- 
liaes  from  acetic  acid  as  a  bright  red,  microcrystalUoe  powder  melting 

199^300^; 
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01 136  gave  0  1 372  AgBr.    Br -51-39. 

OjgHpOjNjBrg  requires  Br  =  61 -58  per  cent. 
.  3i6-DibromO'j^''tolmnta»o-<>rcinolt  C5H,MeBr2'N,'05H,Me{OH)2, 
crystallises  from  a  mixture  of  acetic  acid  and  aaetic  anhydride  in  dull 
red  needles  melting  at  179 — ISO^i  and  it  ezoeptionallj  soluble  in 
meth jl  aloobol : 

0-I511  gave  014U  AgBr.  Br«39-8S. 

Ci^Hj^OoNgBrj  requires  Br*- 89*96  percent 

"p-JBromobmzenMzo-orcinol,  0^,11^ Br»N2*CgB[2Me(OH)2,  is  best  pre- 
pared by  carrying  out  the  coupling  in  alcoholic  solution,  and  is  separ- 
ated from  a  small  quantity  of  a  solid  of  higher  melting  point  by 
recryRtallisation  from  methyl  alcohol.  It  crj&tallifies  in  long,  bright 
red  needles  melting  at  212 — 213°: 

0-2129  gave  0  1326  AgBr.   Br  26*50. 

OigH||0|N,^  reqaires  Br  <-  26*03  per  cent. 

5'Bromo-m-xiflen$a«0'<nrcinol,  Ofi^^e^Be»^^^O^UfUe{OK}p  is  best 
recr jstallised  from  methyl  Ucohol,  whence  it  separates  in  bright 
needles  melting  at  192—194^ : 

0-2312  gave  0  1293  AgBr,    Br  =  23-80. 

CjjHjjOgNgBr  requires  Br  =  23-85  per  cent. 

Q-Bromo-ip'Cuinemazo-orcuioL  CgHMegBr'N2*CgH2Me(OH)2,  separated 
directly  from  the  alcoholic  medium,  in  which  the  coupling  was  carried 
out,  in  long,  red  needles,  melting  and  decomposing  at  21i — 215^  : 

0*2107  gave  01141  AgBr.  Br«23*04. 

OuHifOsNgSr  reqniies  Br -22-89  per  cent 

A  zo'derivativeM  of  a-  and  fi-Naphthol, 

2 ;  4 : 6-2W6roino6siMSfisai»-apni^fAol,  O«H,Brg*N,*C|oH0*OH. — 
This  compound  is  prepared  by  bringing  together  moleeolar  pro- 
portions of  s^tribromobenzenediasonium  hydrogen  sulphate  and 
ornaphthol  in  methyl-  or  ethyl-alcoholic  solation.  The  product  separ- 
ates immediately  as  a  red,  crystalline  powder  melting  at  208*.  From 
a  mixture  of  acetic  acid  and  aoetie  anhydride,  it  crystallises  in  red 
needles: 

01978  gave  0  2306  AgBr.    Br  =  49-54. 

GifHgONjBr^  requires  Br  =  49 '45  per  cent. 

p-CA/oroAmssneaee^-napMo^,  CgH^Gl^K^'OioH^'OH. 

To  prepare  this  azo-compound,  /7-chloroaniliae  was  diazotised  in 
alcoholic  solution  by  means  of  amyl  nitrite  in  the  presence  of  three 
equivalents  of  sulphuric  acid,  an  aioohoUc  solution  of  /8-naphthol  beia^ 
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added  to  the  diazotised  solution.    The  product  separated  as  a  dark 
crystaUine  precipitate  melting  at  159 — 160^;  recrjstalUaafeion  from 
Metie  aeid  gm  dark  red  needles  melting  at  160° : 
0-2041  gave  01028  Agd.   01  - 12-45. 

QjJIjfilSffii  reqairee  G!*  12*54  per  oent 

Tk€  R^abtion  of  Diasionium  SaliB  with  Quinol 

and  Catechol, 

The  literature  oontains  but  little  reference  to  attempts  to  couple 
diazo  com  pounds  with  quinol  or  cateobol*  Witt  and  Johnson  (Sar.y 
1893»  26, 1909)  state  that  diazobenzene  and  j9-bromodiaaobenzene  give 
intense  oolofatiens  witk  quinol  in  alkaline  solution,  but  thej  neither 
isolated  the  prodnet  nor  studied  the  reaction.  Benaene-  and  p- 
tolaene«ioqiiinol  were  obtained  by  them  indirectlj  by  ooupliag  the 
monobenzoyl  derivative  of  quinol  with  the  diaKMsompound. 

We  have  investigated  the  action  of  a  number  of  diaso-oomponnds, 
both  as  dissonium  salts  and  as  dissotates  with  quinol,  in  alcoholic  and 
in  aqueous  solutions.  The  reaction  is  in  all  cases  the  same,  a  simple 
oxidation  of  the  quiool,  which  behaves  as  a  primary  or  secondary 
alcohol,  thus  : 

'    Ar-%OH  +  HO-CeH^OH  -  Ar-H  +  0:CgH,:0  +     +  H,0. 

Od  adding  a  solution  of  the  diazo-compound  to  the  quinol,  a  momentary 
intense  coloration  appears,  which  becomes  permanent  when  the  whole 
of  the  dtaso«olutiott  has  been  introduced.  The  evolution  of  nitrpgen 
^  begins  immediately,  even  when  the  temperature  is  maintained  at  0°. 
Considerable  heat  is  evolved  and  the  resction  may  become  violent. 
On  addition  of  water  to  the  alcoholic  solution,  a  solid  (or  oil)  is  precipi- 
tated, the  seme  material  being  deposited  directly  if  water  is  used  as 
the  solvent.  This  solid  (or  oil)  consisto  of  the  bensene  derivative 
(benseoe  from  dlazobensene,  nitrobenzene  from  /^nitrodiazobensene, 
^-tribromobenzene  from  #-tribromodiazobenzene,  <kc.),  together  with  a 
very  small  quantity  of  a  dark  red  solid  of  low  and  indefinite  melting 
point.  Quinone  could  always  be  detected  by  its  odour  and  was  isolated 
in  several  cases.  When  excess  of  quinol  was  used,  quinhydrone  was 
formed,  and  separated  from  the  solution  with  the  other  substances. 

So  simple  is  this  reaction  of  quinol  with  diazo-compotinds  that  it 
may  be  recommended  as  a  method  of  replacing  the  diazo-group  by 
hydrogen.  We  did  not  observe  any,  indications  of  the  formation  of 
the  phenyl  ethers  of  quinoL 

With  catechol  the  reaction  is  somewhat  different.  Witt  and  Mayer 
(£€r.f  1893,  26,  1074)  succeeded  in  coupling  diazobenzene,  i^nitrodiazo. 
beniene^  and  jnliasoteluflne  with  catechol.  We  find,  however,  that  the 
liighly-snbstitated  beosenss,  such  as  f-tribromodiasobensene,  dm.,  do 
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not  couple  but  oxidifie  the  catechol,  the  reaction^  being  similar  to  that 

with  qiiinol. 

In  aqueous  solution  at  0^  the  diazonium  hydrogen  sulphates  of  the 
stronger  diazonioia  bases  do  not  react  with  catechol,  bat  on  adding 
■odium  acetate  oonpUng  takes  plaoe.  With  the  weaker  basoe,  in  tlie 
same  dremnstanoes,  redaction  resolta.  • 

Univkusity  Colleob  of  Nohth  Walks, 
BaveoB. 


C. — Ethyl    Q'Methyl-2-pyrone'3  :  5'dicarboxylate  and 

its  Derivatives. 

By  John  Lionel  SmoNSSN. 

DuBivo  the  oooree  of  his  dassioal  researches  on  the  hydroxymetfajiene 
oompoands,  Glaiwn  {Anmalmt,  1897, 297, 10)  showed  Uiat  ethyl  ethozy- 
methyleneaoetoaoetate  condenaes  readily  with  ethyl  sodioaostoacetete^ 

and  Uie  product  on  acidifying  yields  ethyl  diaoetylglutaoonaie: 

COjEfCAcX'li-OEt  +  CiijAc-CO^Iit  ^ 

COoEfCAerCH-CilAc-GOjEt  +  EtOfl. 

As  it  seemed  probable  that  ethyl  a-acetylt^oaconitate, 

(COjEtjjCICH-CHAc-COaEt, 
might  result  from  the  analogous  condensation  of  ethyl  ethoj^* 
methylenemalonate  with  ethyl  sodioacetoaoetate»  and  as  this  ester  was 
required  for  synthetical  work  in  the  terpene  series,  this  condensation 
has  been  carefully  inyestigated.  Under  the  conditions  given  in  tlie 
experimental  part  of  this  paper  (p.  1026),  condensation  readily  takes 
place,  and  the  product  of  the  reaction  is  a  crystalline  sabstanoe  mat- 
ing at  79*5^,  which  has  the  formula  CjoH^^O^  and  is  obviously  derived 
from  ethyl  a<acetyltioaconitate  (^^^20^7)  ^7  the  elimination  cf 
alcohoL 

The  careful  examination  of  the  properties  of  this  tubstanee  bas  con- 
clusively proved  that  it  is  ethyl  Q-methyl-i-pyrone-d  :  5'dioarhoxiflai€, 
elimination  of  alcohol  having  taken  place  in  the  following  way ; 

^„^C(CO.Et)-CO.,Et  .  riTr^<^(<^08^^t)— COv^ 
^^^C(CO;Et):CMe-OH  ^^^C(CO,Et):CMe'^* 

a  change  which  is  very  similar  to  the  conversion  of  ethyl  dicarboxy* 
glutaconate  into  ethyl  ethoxycoomalindicarboxylate  (Guthxeit 
Dressel,  Ber.,  1889,  22,  U15) : 

CH<^'(G02Et)-C0.,Et  pTx^-C(CO,Et)  CO^ 

^^^CH(CO,Bt)-CX)^t  ^^S)(00;Bt):C(OJBt)^- 
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"  When  ethyl  6-methyl-2-pyrone-3  : 5-dicapboxylate  ia  hydrolysed  with 

barium  hydroxide  or  alcoholic  potash,  it  is  converted  into  a  dibasic 
acid  of  the  empirical  formula  C^HqO^,  the  constitution  of  which  has 
not  as  yet  been  definitely  decided. 

That  this  acid  is  not  6-methyl-2-pyrone-5-carboxylic  acid, 

^^^C(C02Et):CMe^»  • 
is  shown  by  the  fact  that  on  esterification  it  yields  a  diethyl  ester, 
CiiHj^O^,  and  a  dimethyl  ester,  C^Hj^O^,  from  which  the  acid  may  be 
recovered  unchanged  on  hydrolysis. 

It  is  possible  that  hydrolysis  has  taken  place  with  simultaneous  loss 
of  carbon  dioxide  and  water  with  formation  of  l-methyl-A^  =  ^-cyc/o- 
batadieiie-2 : 4-dicarboxylic  aoid  in  aocordanoe  with  the  following 
scheme: 

It  is  hoped  that  further  experiments,  which  are  in  progressi 
will  show  whether  this  condensation  has  taken  place. 

"When  ethyl  6-methyl-2  pyrono-3  :  5  dicarboxylate  is  treated  with 
ammonia,  it  undergoes  an  internal  change,  and  is  converted  into  e^fij/l 
ammonium  :  b-dicarbaxylate  (I), 

-S:(CO,-Et)  CMe  \c(CO^t)  iCMe/ 

(I.)  (II.) 
and  this  substancei  when  treated  in  the  cold  with  dilate  hydrochloric 
acid,  undergoes  a  eurioiis  change,  and  is  converted  into  a  mbttane$, 
which  crystallises  in  snlphur-yellow  needles  and  is  insoluble  in  sodium 
tsarbonate.  It  is  probable  that  this  is  an  internal  salt  of  the  formula  (II). 

The  ethyl  ammonium  sslt  mentioned  above  is  readily  hydrolysed  by 
boiling  alcoholic  potash,  with  formation  of  6-hydroxy-2-methylpyridine- 
3 : 5-dicarbozylio  add,  which  melts  at  302^  and,  when  heated  at 
140^1600  with  concentrated  hydrodilovic  acid,  yields  6-hydrozy-a- 
picoline. 

When  ethyl  6-methyl-2-pyrone-3  : 5-dicarboxylRte  is  treated  with 
anilioo  under  the  conditions  described  in  the  experimeLtal  part  of 
this  paper  (p.  1031),  it  is  converted  into  the  anilide  of  etJtyl  a-acetyl- 
isoaconiiale,  CO^EfCH Ac'CH:CXC02Et)-C0-NHPh,  which,  with  boil- 
ing alcoholic  potash,  is  converted  into  l-phmyl-^-methyl-a-pyridom- 
3  :  b-dtawboxylic  acid, 
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Some  of  tlie  subttanoes  mentioned  ebove^  namely,  6-bjdroxy-3* 
methy]p7ridme-8:5<diearboz7lie  add  and  S-hydrozy-a-piooliBe^  baye 

already  been  described  by  Errera  (5er.,  1900,  33,  2969),  who  obtained 
them  from  the  product  of  tho  condeDsatioii  of  ethyl  ethoxymethylene- 
acetoacetate  and  ethyl  sodiocyanoacetamide. 

Ethyl  6-methyl-2-pyrone-3  :  6-dicarboxylate  has  been  obtained  dur- 
ing the  course  of  the*  present  research  in  four  different  ways,  of  which 
the  following  may  be  considered  hrst: 

I.  Condensation  of  ethyl  ethozymethylenemalonate  and  ethyl 
sodioacetoaoetate. 

IL  Condensation  of  ethyl  ethozymethyleneaoetoaoetate  and  ethyl 
sodiomalonate. 

If  it  be  assumed  that  ethyl  a-acetylwoaconitate  is  the  6rst  product 
of  the  reaction,  then  the  form  ttion  by  method  I  is  readily  understood  : 

(CO|Et)sO:Cfl-OEt-|-CHNaAc-CO^ 

(COjEt)jC:OH«CHAc-CO,Bt 

p„^(CO.,Et)-CO„Et      _^  pTx^C(CO,Et)— C(K^ 

But  the  formation  of  this  ester  by  method  II  necessitates  a  trans- 
ference of  the  double  linkings : 

(C02Et)2CHNa+EtO«CH:CAc*C02Et  ^ 

(C0,Et)2CH-CH;CAc-C0,Et 
(CO^t)aC:CH-UlIAc-0O^t. 

This  curious  transference  of  the  double  linking  in  the  cases  of 
glutaconic  acid  and  its  derivatives  has  already  been  observed  and  dis- 
cussed by  Perkin  and  Tattersall  (Trans.,  1905,  87, 361),  and  espedally 
by  J.  P.  Thorpe  (Trans.,  1905,  87,  1669). 

More  difficult  of  explanation  is  the  fact  that  ethyl  6-methyl-2- 
pyrone-3  :  5  dicaiboxylate  is  obtaiued  in  a  (Quantitative  yield  from  the 
following  condensations : 

III.  Ethyl  ethoxymethyleneacetoaoetate  and  ethyl  aodioeyano- 
acetate. 

lY.  Ethyl  ethozymethylenecyanoaoetate  and  ethyl  sodioaoeto- 
acetate. 

The  difficulty  in  these  methods  of  formation  is  to  explain  the  way  in 
which  the  cyanogen  groups  react.  The  following,  however,  seems  the 
most  probable  explanation.  The  reaction  in  the  case  of  IV  taken 
phce  thus : 

COjEfC(C^):ClI-OKt  +  CHNaAc-COjEt  -> 

CO^t-C(CN):CH-CNaAc'0O^t. 
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The  sodium  compound  then  undergoes  internal  condeneation  with 

formation  of  au  unstable  imino-com pound,  ^ 

which  reacts  with  water  with  loss  of  ammonia  and  separation  of  ethyl 
6-metbyl-2-pyrone-3  :  5-dicarboxyliite.  ISince  the  intermediate  pro- 
duct evidently  exists  in  the  solution  aa  a  sodium  derivative,  several 
attempts  were  made  to  isolate  a  methyl  derivative  by  the  addition  of 
methyl  iodide  to  its  alcoholic  sohition.  On  the  addition  of  water, 
however,  no  compound  separated,  and  on  acidification  only  the  pyrone 
could  be  isolated. 

BZPBBIHXNTAL. 

The  two  methods  which  give  the  best  yields  of  ethyl  6-methyl-2- 
pyrone-3  : 5-dicarboxyIate  are  those  mentioned  under  III  and  IV  in 
the  introductiooy  and  as  these  are  much  more  convenient  than  I  and 
It,  which  give  only  yielda  of  about  50  per  cent.,  they  are  described 
first. 

Condensation  of  EUiyl  J'Jihoxymet/iyleneaceloacelate  and 

£chi/l  CyanoacetaU, 

Sodium  (2*3  grams)  was  dissolved  in  aloohoI»  and  to  the  well«oooled 
eolation  ethyl  oyanoaoetate  (11*3  grams)  was  added.  When  the  ethyl 
sodioeyanoacetate  had  separated,  ethyl  ethozymethyleoeacetoaijetate 
(18*6  grams)  was  gradually  added,  care  being  taken  that  no  rise  in 
temperature  took  place. 

The  sodium  derivative  immediately  dissolved,  the  solution  assoming 
a  jiale  red  colour,  and,  after  standing  for  two  or  three  minutes,  toe  was 
added  and  the  liquid  carefully  acidified  with  dilute  hydrochloric  acid. 

On  the  addition  of  the  first  few  drops  of  acid,  the  red  colour  lapuily 
darkened,  but  on  further  addition  the  colour  disappeared  and  a 
colourless  solid  consisting  of  ethyl  &-inethyl-2-pyrone-^  :  b-dicarboxylate 
was  precipitated.***^  This  was  collected  and  recrystalUsed  from  light 
petroleum.    The  yield  was  quantitative  : 

0-1207  gave  0-2506  CO,  and  0  0605  H^O.    C  «56-6  ;  H  -5-6. 
(XijS^fi^  requires  0««66'7 ;  H»  5*5  per  cent 

JMf^  6-iiMtAy^2^^yrims-3:5H{t«ir£Mg!y^  crystallised  from  light 
petroleum  in  long,  colourless  needles,  which  melt  ac  79*5^  to  a  pale 
red  oil.  It  Is  readily  soluble  in  most  organle  solvents,  but  insoluble 
In  water.  With  ferrio  diloride  in  alooholie  solutixm^  it  gives  a  violet 
oolorationy  whieh  deepens  considerably  on  standing.  It  dissolves 
readOy  in  concentrated  sulphuric  acid,  and  the  solution  gradually 
develops  a  yellowish  green  fluorescence, 

*  ▲mmoniom  chloride  was  iaoktad  Irom  the  mother  liquor  ou  evaporation. 
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Condsnaation  qf  Ethyl  EthoxxfmethylmeeyanoacetaU  and 

Ethyl  AeetoacetaU, 

The  eihjl  eUunjqraaoftoetate  i«i|iiiTed  for  thew  eacparimeDtB  wm 
obtained  by  tbo  method  deeoribed  by  Bollement  {BM  Soe,  Mn^f  1901, 
[iii],  26, 20).  The  melting  point  was  found  to  be  55^  and  not  52— SS* 
aa  stated  by  him.  The  oonden»ation  was  carried  oot  in  a  mamwr 
analogous  to  the  one  just  deseribed,  and  gave  a  qnaatitative  yisU 
of  the  pyrone. 

0-1164  gave  0  2398  CO,  and  0  0585  1120.    0  =  56  7  ;  H  =  5-6. 
CjgH^^Of  re(juire8  C»56'7  ;  H»5'5  per  ceot. 

CondtnmUion  of  Ethyl  Ethoxymethyleneaeetoacatate  and  Ethyl  Malonatt, 

In  carrying  out  this  condensation,  sodium  (2*3  grams)  was  dissolvid 
in  alcohol,  and  to  the  cold  solution  a  mixture  of  ethyl  malonats 
(16  grams)  and  ethyl  ethoxymethyleoeaoetoaoetate  (18*6  grams)  wis 
gradually  added,  care  being  taken  that  no  rise  in  temperature  took  plaos. 

The  solution,  which  became  intensely  red,  was  allowed  to  stand  for 
one  hour  at  the  ordinary  temperature,  ice  was  added,  and  the  sodiom 
salt  decomposed  with  dilute  hydrochloric  acid,  when  a  viscid,  colourless 
oil  separated.  This  was  dissolved  in  ether,  the  ethereal  solution  well 
washed  with  water  to  remove  alcohol,  dried,  and  evaporated.  The 
residual  red  oil  was  fractionated  in  small  quantities  under  diminished 
pressure  (22  mm  ),  when  it  distilled  at  230—250°  The  red  distillate 
Bolidified  completely  when  cooled  in  a  freezing  mixture,  and,  after 
pressing  on  porous  porcelain  to  remove  a  trace  of  oily  impurity,  it  WM 
recrystallised  from  light  petroleum : 

0*1606  gave  0'33{»6  00,  and  0  0803  H,0.   0-56*9 ;  H-5*6. 
Cjfiifi^  requires  C — 56*7 ;  H  »  5*5  per  cent. 

The  yield  was  about  50  per  cent.,  but  varied  somewhat  in  diileraat 

preparations. 

Condensation  of  Ethyl  Ethoxymeihylenemaionate  and  Ethyl  Acetoa,cetate, 

The  method  adopted  in  this  *  condensation  was  analogous  to  that 
just  dsseribed.  The  yield*  however,  was  not  so  good»  rarely  ezoeeding 
40  per  cent.  A  recrystallised  specimen  gave  the  following  result  on 
analysis: 

0-1399  gave  0  2876  COg  and  0  0694  H,0.    0  =  561 ;  H-5*5. 
CjjHj^Oj  requires  0  =  56*7;  II  =  5  6  per  cent. 
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HtfdrolytU  of  Eikyl  B-MMpl^H'Pifrom^ :  i-dioarhoxiflat*. 

I.  Hydrolysis  with  Barium  Hydroxide. — The  pyrone  (5  grams)  was 
boiled  with  excess  of  a  concentrated  solution  of  barium  hydroxide  for 
an  hoLir,  wlien  the  ester  gradually  dissolved  with  formation  of  a  pale 
brown  solution  and  separation  of  much  barium  carbonate.  Excess  of 
barium  hydroxidd  was  removed  by  means  of  carboa  dioxide,  the 
filtered  solution  concentrated,  and,  after  oooling,  acidified  with  dilute 
hydrochloric  acid,  when  a  pale  brown  powder  separated. 

This  was  ooUected  and  recrjtftallised  either  from  water  or  a 
mizinre  of  ether  and  ethyl  acetate  with  the  aid  of  animal  charcoal  in 
each  case: 

01795  gave  0*3571  CO,  and  0*0640  H^O.   0  «  54*0 ;  H  »  3*9. 

CyHgO^  requires  0  —  64-5  ;  H  =  3*9  per  cent. 

This  acid  separates  from  hot  water  in  colourless,  microscopic  plates. 
It  has  no  defiuite  melting  point,  but  begins  to  sinter  at  268°  and 
decomposes  completely  at  300\ 

It  is  readily  soluble  in  hot  water,  ethyl  acetate,  or  acetic  acid,  but 
only  sparingly  so  in  benzene  or  light  petroleum  even  on  boiling. 
With  ferric  chloride  in  alcoholic  solution  it  gives  no  immediate  colour, 
but,  on  standing,  a  brown  coloration  gradually  appears,  and  the 
solution  exhibits  a  green  fluorescence. 

When  titrated  in  the  cold  with  A/lO-sodium  hydroxide,  it  gives 
numbers  agreeiog  with  a  dibasic  acid  of  the  formula  OfH^O^. 

1*1212  neutralised  0O632  KaOH,  whereas  a  dibasic  acid,  C^H^O^, 
should  neutralise  0-0629  KaOH. 

II.  Hydrolysis  with  Alco\olic  Potassium  Hydroxide — The  ester 
(10  grams)  was  boiled  with  alcoholic  potassium  hydroxide  (10  grams) 
for  an  hour,  when  a  deep  red  solution  was  formed,  from  which  a  pale 
red  potassium  salt  gradually  separated.  The  whole  was  dissolved  in 
water,  and  the  brown,  fluorescent  solution  evaporated  until  free  from 
alcohol  and  acidified  w^ith  hydrochloric  acid,  when  a  yellowish  brown 
solid  (5  grams)  was  obtained;  this  was  collected  and  recryatallised 
from  water  with  the  aid  of  animal  charcoal : 

0-1308  gave  0*261 2  00,  and  0-0389  H^O.   0  »  54*5 ;  H  »  3*3. 
C^HgO^  requires  0»54*5  ;  Hs3*9  per  cent. 

This  substance  was  identical  with  the  acid  obtained  by  the  hydrolysis 
with  barium  hydroxide. 

The  Mdkyl  EtUr  qf  Ute  Acid  C,H^O^. 

In  pttparing  this  substance,  the  acid  (3  grams)  was  bailed  with 
ftiethyl  alcohol  (30  c.c.)  and  sulphuric  acid  (3  e.c.)  for  two  hours,  when, 
TOL.  XGUI.  3  Y 
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on  cooling,  the  methyl  ester  crystallised  out.  The  ester  was  dissolved 
in  ether,  the  ethereal  sohition  was  washed  with  sodium  carbonate  and 
water,  dried,  and,  after  evaporating  the  ether,  the  residue  was 
purified  by  crystallisation  from  light  petroleum  : 

0  1306  gave  0  2827  COg  and  0  0656  H,0.    C-59  0  ;  H  =  5-6. 

01415  „   0-3098  OOt  „  0*0679  H,0.   C-59*6;  H-5-d. 
CpHjoO^  requires  0«59'3 ;  H«5'4  per  cent. 

This  nuihyi  ester  sepavates  from  light  petroleum  or  methyl  alcoh<d 
in  oolourlees,  loog,  silky  needles,  whieh  melt  at  106^  Its  alcoholic 
solution  gives  no  colour  with  ferric  chloride. 

Tlie  Ethyl  Ester,  C^^U^fi^. 

The  ethyl  ester  of  the  acid  CyHgO^  was  prepared  in  a  manner  similar 
to  the  above.  It  crystallised  from  light  petroleum  in  clusters  of 
colourless  needles  melting  at  48^ : 

01 179  gave  0*2693  00.  and  0  0652  H,0.   0  »  62*2  ;  H  -  6*2. 
^11^1  A  reqttiras  C-62*8 ;  H«  6*7  per  cent. 

Hydrolysit  of  the  Methyl  Ester. — In  order  to  be  certain  that  no 
change  had  taken  place  during  the  esterification,  tho  mBihyl  ester 
(2  grams)  was  boiled  with  25  c.c.  of  25  per  cent,  hydrochloric  acid  for 
three  hours.  After  cooling,  the  solution  was  saturated  with  ammonium 
sulphate,  and  the  acid  which  separated  was  extracted  with  ether. 
After  removal  of  the  ether,  the  acid  was  crystaULsed  from  water  and 
di'iedatllO°. 

0-1209  gave  0-2416  CO,  and  0-04G1  H^O.    0«54-4  ;  H-4*2. 

requires  0»54*5 ;  H-i3*9  per  cent. 

That  the  acid  was  identical  ivith  that  obtained  by  the  barium 
hydroxide  hydrolysis  described  above  was  shown  by  the  decompodtioii 
point  (300^,  and  by  the  following  titration : 

0  0875  noutialised  0*046  NaOH,  whereas  a  dibasic  acid,  C^HjO^ 
should  neutralise  0  046  KaOH. 

Action   qf  Ammonia  on  Ethyl    6-Mtihyl-2-pyrone-3  :b  dic(irhoxyhit€. 
Formation      Ethyl  Ammonium  Q-Ifydroxy-2'mMylpyridini$-^  ib^ 


When  ethyl  6-methyI-2-pyrone.3 :6-diearbozylate  (3  grams)  is 
ground  up  with  water  (5  c.c.)  and  mixed  with  strong  ammonia  (5  cc), 
much  heat  is  generated,  and  tho  colourless  2  pyrone  is  coiivtirtod  into 
a  pink  solid.  This  was  collected,  washed  with  a  little  water,  and 
drained  on  porous  porcelain,  when  3  grams  of  the  amuiouium  salt  were 
obtained ;  this  was  crybtaliised  from  dilute  alcohol  aud  dried  at  100^  \ 
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01 145  gave  0-2081  CO,  and  0-0589  HjO.    G  =  49  5  ;  H  =  5  7. 
0-1889    „    17-8  cc.  of  nitrogen  at  15°  and  770  mm.    N«  11*2. 
^loHiAN,  requires  C» 49*6;  H»5*8;       11*6  per  cent. 

This  substance,  which  evidently  consinted  of  ethyl  amnionium 
S-hydroxy-2  methylpyridtne-S  :  b-dicarboxylaUy  in  which  it  is  assumed 
that  the  carboxyl  group  in  the  position  5  has  been  hydrolysed,  melted 
at  263 — 265°  with  decomposition. 

It  is  sparingly  soluble  in  most  organic  solvents,  but  separates  from 
water  or  dilate  aloohol  as  a  pale  yellow  powder,  which,  under  the 
microfloopOy  was  seen  to  consist  of  stcllato  clusters  of  needles.  Its 
alooholic  solution  exhibits  a  ehsraeteristio  blue  flaorescenoey  but  gives 
no  oolour  with  ferric  chloride. 

Its  aqueous  solution  givee  with  silver  nitrate  solution  a  volu- 
minous precipitate  of  tiie  stfesr  salt : 

0'20U  gave  0  0655  Ag.  Ag»32-5. 

Gi^Hji^O^NAg  requires  Ag»32'5  psr  cent. 


Action  o/  Mydrtfchlorie  Acid  on  Ethijl  Ammonium 

Attention  has  already  been  drawn  to  the  fact  in  the  introduction 
that,  when  ethyl  ammonium  6  hydroxy- 2-methyl pyridine-3  :  5-dicarb- 
ozylate  is  treated  with  hydrochloric  acid,  it  undergoes  a  strange  decom- 
position,* and  is  converted  into  a  substance  to  which  the  following 
formula  may  possibly  be  aseribed : 

CH^i  CO  -^N-OH. 

^C(C02Et):CAle^ 

The  ammonium  salt  (S  grams)  was  mixed  with  water  (5  cc),  a  few 
o.e.  of  dilute  hydrochlorie  add  were  added,  and  the  pasty  mass  was 
triturated  in  a  mortar.  After  standing  for  about  ten  minutes,  the 
pale  yellow  powder  was  collected,  crystallised  from  alcohol  with  the 
aid  of  animal  charcoal,  and  dried  at  1 10^: 

0  1311  gave  0  2574  COj  and  0  0607  HjO.    C  -  63-5  ;  H  -  6-1. 
0*1717  „  9*1  cc  of  nitrogen  at  12^  and  770  mm.  N->6*4. 
0,oH„OgN  requires  C«53*3 ;  Ha4*9 ;  K»6-2  per  cent. 

The  substance  melts  at  223^  and  is  insoluble  in  water,  but  readily 
soluble  in  hob  alcohol,  from  which  it  separates  in  beautiful  sulphur^ 
yellow,  prismatic  needles.  It  dissolves  only  sparingly  in  ether,  light 
petroleum^  or  ethyl  mtata  even  on  boiling.  Its  alooholio  solatimi- 
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shows  a  ohancteristic  blue  fluoresoenoe*  but  gtrea  no  colour  with  ferric 

chloride. 

That  this  Bubstance  is  not  the  acid  ester, 


ia  shown  by  the  fact  that  it  ia  quite  ioeoluble  in  cold  dilate  fodiam 
carbonate  solution,  and  eyen  on  boiling  it  dissolves  only  sparingly ; 
it  is,  howeyer,  readily  soluble  in  dilate  aqueous  potassiam  hydr- 
oxide. CSoncentrated  ammonia  immediately  reoonyerts  it  into  the 
ammonium  salt  from  which  it  was  obtained.  When  hydrolysed 
with  alcoholic  potash,  it  is  converted  into  6-hydroxy-2-metb  jlpyridine- 
3 : 6-dicarbozylic  acid. 

^-IIydroxy-2-meiJiyJpyr^dine'Z  :  b  dicarboxylic  Acid,' 


This  add,  which  has  already  been  described  by  Errera  (loe,  cU,),  is 
best  obtained  when  ethyl  ammonium  6-bydrosy-2*metbylpyridine- 
3 : 6-dicarbozylate  is  boDed  with  excess  of  alcoholic  potash  nntil  no 
farther  evolution  of  ammonia  can  be  detected. 

After  freeing  the  solution  from  alcohol  by  evaporation  and 
acidif  jiug,  the  fred  add  separated  as  a  pale  yellow,  crystalline  powder, 
which,  after  cfystalliuog  from  hot  water  with  the  aid  of  animal 
charcoal,  was  obtained  in  ooloarless,  prismatic,  needleo  containing, 
when  dried  at  100°,  half  a  molecule  of  water  of  crystallisatioD  : 

0-127  i  gave  0  2182  CO.  and  0-0479  H^O.  C-46-7  ;  H  =  4-2. 
0  1346    „    81  c.c.  of  nitrogen  at  15°  and  740  mm.    N  =  6  9. 

CgH-O^N,  J  H.^O  requires  C  =  46  6  i  H  -  3  9  ;  N  =  6  8  per  cent. 
When  dried  at  115°,  the  anhydrous  add  was  obtained : 

01423  gave  0*2658  CO,  and  0*0447  H^O.   G  -  491 ;  H  -  3*5. 

OgHfOsN  requires  0-48*7;  H»3*5  per  cent. 
6-Hydroxy-2-methylpyridine-3 : 5-dioarboxylic  add  has  a  decomposi- 
tion point  which  varies  considerably  with  the  method  of  heating  ; 

when  fairly  rapidly  heated,  it  decomposes  quite  sharply  at  302° 
(Errera  gives  303^). 

It  is  readily  soluble  in  hot  water  or  alcohol,  but  only  sparingly  so 
in  ether,  benzene,  acetic  acid,  or  ethyl  acetate,  and  its  solution  gives  no 
colour  with  ferric  chloride. 

Contrary  to  the  statement  of  Errera  {loc.  cit.f  p.  2971),  6-hydroxy- 
2-methylpyridine-3 : 5-dicarboxylic  acid  exhibits  a  great  tendency  to 
form  well-characterii'ed  crystalline  salts* 

A  faintly  alkaline  solution  of  its  ammonium  salt  gives  with  barium 
chloride  an  immediate  gelatinous  precipitate  which  on  boiling 
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crystallises  and,  under  the  microscope,  is  seen  to  consist  of  beautiful 
clusters  of  needles.  The  copper  salt  is  also  highly  characteristic,  and 
crystallises  in  masses  of  striated  plates.  The  acid  also  readily  forms 
insoluble  silver  and  calcium  salts.  The  barium  salt  was  selected  for 
analysis.  After  drying  at  115^  until  constant,  it  gave  the  following 
result : 

0*3107  gave  0  1974  BaSO«.  Ba«37-4. 

CgH^05NBa,2H,0  reqaires  Ba  -  37*3  per  cent 

Q-l/ydroxif-a-picolin$» 

As  baa  been  stated  by  Brrera  {loe,  cU.,  2971),  this  sabstanoe  is 
readily  obtained  from  6-bydroicy-2-methylpyridine-3 :  S-dicarboiylic  aeid 
by  beatiog  in  a  sealed  tabe  witb  conoentrated  bydroohloric  acid  for  abotit 
one  boor  at  140 — 160^  The  olear  solution  is  evaporated  to  dryness, 
and  the  reeidoal  erode  hydroobloride  crystallises  from  a  miztare  of 
cblorofonn  and  aloobol,  wben  it  is  readily  obtained  pure  in  oolovrless 
plates  etmtaining  one  moleenle  of  watw  of  erystallisation,  wbicfa  is 
not  removed  in  a  vacuum  over  sulphuric  add  : 

0-1284  gave  0-1121  AgCl.    CI  =  21-6. 

OjHgOCl.HjO  requires  Cl  =  2l-7  per  cent. 

6-Hydrozy-a-picoline  hydrochloride  melts  at  117 — 118°,  and  could 
not  be  obtained  in  a  pure  anhydrous  condition,  since  when  dried  at 
100**  it  slowly  loses  hydrogen  chloride. 

6-Hydrozy-a-piooline  is  readily  obtained  when  an  aqueons  solution 
of  the  hydrochloride  is  neutralised  with  sodium  carbonate.  On  the 
addition  of  ammonium  sulphate,  the  base  separates  in  long,  silky 
needles  containing  water  of  crystallisation.  After  drying  at  100^ 
and  recrystallising  from  bensene,  it  melted  at  159^ : 

0-1503  gave  0  3624  CO.  and  0  0859  H,0.    C  =  65'8  ;  H  =  6-3. 
.  CjHjON  requires  C  =  661 ;  11  =  6  4  per  cent. 

Action   of   Aniline    on    Ethyl    6-.)fethyl  2  pyrone-3  :  o  dicarboxt^lat9. 
Formation  of  th9  Anilide  of  Ethyl  a-Acetylisoaconitate, 
CO,EfOHAc-CH:C(CO,Et)-CO-NHPh. 

Ethyl  6-methyl-2-pyrone-3 : 5-dicarboxylate  (5  grams)  was  dissolved 
in  aniline  (4  grams)  and  heated  for  three  hours  on  the  water-bath. 
After  cooling,  alcohol  was  added,  when  a  colourless,  crystalline  solid 
separated.  This  was  collected  and  recrystallised  from  alcohol,  from 
which  it  separated  in  lustrous,  thin  plates  resembling  acetanilide,  which 
melt  at  188°  : 

0-1357  gave  03114  CO,  an!  00752  Kfl.    C  =  62-6  ;  T£=.6-l. 
G^K^OJ^  requires  G»62-3  i  H»6*0  per  cent. 

Digitized  by  GoOgle 


1032      ETHYL  6-METHYL-2-PYRONE-3  :  5-DlCAttBOXYIiATB, 


The  mnUide  of  Mifi  orOMiyliBoaMnitaU  i»  readOf  loliible  in  diloro* 

form,  acetone,  ethyl  acetate,  or  hot  alcohol,  bat  only  sparingly  so  In 
benzene  or  ether.  Its  alcoholic  solution  gives  with  ferric  chloride  a 
deep  brown  coloration. 

Since  it  is  insoluble  in  sodium  carbonate,  it  cannot  have  the  con- 
stitution NHPh-CMe:C(C02Et)-CH:G{C02Et)-C02H,  which  would  be 
analogous  to  the  substance  obtained  by  von  Pechmann  and  Welsh 
{Ber.,  1884,  17,  2393)  by  the  action  of  aniline  on  ethyl  coumalinate  : 
ntx^CH  CO^Q  p„^CH-CO.,H 

^^^^^^&>^^^ 

This  acid  was  prepared  by  boiling  the  anilide  of  ethyl  a-acetyl- 
t«oaconitate  with  excess  of  alcoholic  potash  for  a  short  time.  After 
removing  the  alcohol  and  acidifying,  the  acid  was  obtained  as  a  p;tle 
yellow  solid,  which  was  crystallised  from  dilute  alcohol  with  the  aid  d 
animal  charcoal : 

01191  gave  0-2675  00,  and  0  0476  H^O.   0-61*2 }  H-4-4. 
0,4Hj^05N  requires  0-61*5  ;  H— 4*0  cent. 

\'Phmyl-Q-7Mthyl-2-pi/ridone-3  : 5'dicarboxylic  acid  separates  froil 
alcohol  in  colourless,  feathery  needles,  which  melt  with  decomposition 
at  265 — 267°.  It  in  readily  soluble  in  hot  alcohol,  benzene,  or  ethyl 
acetate,  but  only  sparingly  so  in  water  or  ether.  Its  solution  give^i  no 
colour  with  ferric  chloride. 

On  the  addition  of  silver  nitrate  to  a  faintly  alkaline  solution  of  its 
ammonium  salt^  the  tilvm'  salt  is  obtained  as  a  miorooiyetAlliAO 
powder: 

0-1010  gave  0-0499  Ag.  Ag-44*4. 

Oififi^Ag2  i^<iuire8  Ag  -  44*3  per  cent 


The  author  wiihee  to  thank  the  Beaearch  Fund  Oommittee  of  ths 
Ohemical  Sodety  for  a  grant  whioh  has  defrayed  miioh  of  the  expense 

of  this  research. 
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CI. — The  Melting  Points  of  the  Anilides,  p^TohiidideSf 
and  a-Naj^hthaliiles  of  the  Normal  Fatty  Acids, 

By  Philip  Wilfrsd  ICobsrtson. 

Uiim  von  Baeyer  showed  that  the  metting  points  of  the  normal  fatty 
adds  alternately  rose  and  fell  with  each  sucoeBsiVe  addition  of  a  carbon 
atom  to  the  hydrocarbon  chain,  and  that  a  regular  series  of  numbers 
could  be  obtained  only  by  considering  the  odd  or  even  members 
separately,  it  had  generally  been  recognised  that  the  melting  points  of 
an  homologous  series  increased  regularly  with  the  number  of  carbon 
atoms  in  the  molecule.  Owing  to  lack  of  ilata,  a  similar  relationship- 
has  been  established  oaly  iu  a  vory  few  cases;  as  example.^  may  be 
cited  the  dibasic  acids  of  the  oxalic  series  aud  the  substituted  malonic 
acids.  In  both  these  cases,  in  order  to  obtain  a  regular  series  of 
melting  points,  it  is  necessary  separately  to  consider  the  odd  and  even 
members,  aud  then  the  general  result  is  a  fall  to  a  minimnin  followed 
by  a  gradual  rise.  Very  complete  data  are  also  available  for  another 
series,  namely,  the  amides  of  the  fatty  acids  (table  I).  But  here  the 
utmost  irregularity  appears  to  prevail  even  when  a  separate  com- 
parison is  made  among  the  odd  or  even  members.  As  the  available 
data  for  the  corresponding  anilides  showed  traces  of  a  similar  irregu- 
larity, it  was  decided  to  complete  the  series  as  far  as  possible  and  to 
prepare  the  missing  compounds.  Then,  finally,  to  throw  more  light 
on  the  whole  problem  and  to  endeavour  to  obtain  a  more  definite 
insight  into  the  relationships  between  the  melting  point  and  the 
number  of  carbon  atoms  in  such  homologous  series,  the  jD-toluidides 
and  a  naphthalides  of  the  normal  fatty  adds  were  also  prepared. 


Tablb  L 

Number  of  carbon  Amiclos.                 Anilides.  j^Toluididee^ 

atoms  in  acid.  M.p.                     M.p.  M.p. 

2  82'                     112'  168* 

8  106«  128' 

4  115                        92  74* 

115  61  72* 

6  100  95  75* 

7  »5  71  80* 

8  110  67*  67* 

9  92  67*  81* 

10  98  61*  80* 

11  81  64*  78* 

12  112  68»  81* 
14  102  84  98* 
16  101  90  96* 
18  109                         94  93* 


*  Determiiiationft  by  the  author, 
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A  ooiiBideration  of  tbe  above  seriea  shows  tbat  there  »  a  tendeocy 
to  regularity  in  the  irregularity  itself.  Thos^  amoDg  the  even 
members  of  the  anilides  and  j^-tolnidides,  it  is  seen  that  there  is  a 

conniderable  fall  from  the  eecond  to  the  fourth  member,  followed  by  a 
slight  rise  and  then  another  fall,  and  that  after  the  eighth  membor  the 
melting  points  continue  to  rise,  although  in  both  series  the  derivative 
of  the  twelfth  acid  has  a  melting  point  considerably  lower  than  might 
be  expected  from  its  position  in  the  series.  If,  now,  attention  is 
directed  to  the  amides,  it  is  observed  that  the  irregularity  tends  in 
the  reverse  direction.  There  is  a  considerable  rise  from  the  second  to 
the  fourth  member,  followed  by  a  fall,  and  then  again  another  rise  and 
again  a  fall  to  the  tenth  member,  each  change  being  exactly  in  the 
reverse  direction  to  that  observed  among  either  the  anilides  or  p-tola- 
idides ;  further,  tbe  0|,  amide  has  a  higher  melting  point  than  the 
ftontignons  members,  whereas  it  was  noticed  that  the  melting  points 
of  the  corresponding  anilide  and  p-tolnidide  appeared  abnormally  low. 
Also  among  the  odd  members  the  same  general  tendencies  are  obsew* 
able,  there  being  a  rise  followed  by  a  fall  in  the  case  of  the  first  three 
uneven  amides,  whilst  the  reverse  is  true  for  the  other  two  series. 

Considerations  of  this  nature  seem  dearly  to  indicate  that  there  ia 
some  definite  factor  exerting  an  inflnence  in  the  one  case  tending  to 
lower  the  melting  points,  and  in  the  other  case  having  the  reverse 
effect.  The  exact  nature  of  this  disturbing  influence  is  difficult  to 
realise,  but  the  suggestion  is  tentatively  ventured  that  it  is  some 
function  of  the  symmetry  or  rather  lack  of  symmetry  of  the  molecule. 
There  appears  no  doubt  that  molecular  symmetry  has  not  an  incon- 
siderable influence  on  the  melting  point,  as  has  been  definitely 
established  from  the  investigation  of  isomeric  compounds,  it  being 
almost  universally  observed  that  the  most  symmetrical  isomeride  has 
the  highest  melting  point.  It  appears  then  to  be  a  legitimate 
assumption  to  make  that  if  the  arithmetical  mean  of  the  melting 
points  of  the  amides  and  anilides  and  of  the  amides  and  ;>-toluidide8 
was  taken,  then  this  disturbing  factor  might  be  to  some  extent 
eliminated  and  two  regular  series  should  be  expected.  This  ia  actually 
found  to  be  the  case  (table  II).  * 

The  numbers  for  the  odd  members  decrease  regularly  as  far  as  the 
data  are  available.  The  results  for  the  even  members  are  plotted  in 
Fig.  1.  The  curve  for  the  amides  and  /^-toluidides  reaches  a  minimum 
at  the  sixth  member  and  then  rises  gradually,  and  the  corresponding 
curve  for  the  amides  and  anilides  shows  a  minimum  at  the  tenth 
member  and  a  maximum  at  the  fourth.  The  occurrence  of  this 
maximum  can  scarcely  be  considered  as  an  irr^ularity,  as  it  has  been 
previously  observed  that  a  maximum  and  minimum  occur  in  the  same 
series  at  a  difference  of  six  carbon  atoms  (compare  the  mdeeolar 
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Number  of  carbr-ii 
atoms  in  acid. 


Table  II. — Mean  of  Malting  Pointa, 

Amide  and  anilide.  Amide  and  /»>toluidide. 


2 

117'5* 

3 

92' 

lor 

4 

108*5 

04*5 

5 

88 

98*5 

6 

9r5 

87  5 

7 

8 

88-5 

88 

88-5 

87*5 

9 

74-5 

865 

10 

79-5 

89 

11 

72  5 

77 

12 

85 

96  5 

14 

93 

97-5 

16 

P5-5 

98-5 

18 

101-5 

1085 

Fio.  1. 


/  9  fttMM  «r  MMti 


AM*  ^T^MtM 


6  8  10         12  14 

Number  i^  carbon  atonu  in  acidi. 


16 


18 


depressions  of  the  faitj  esters  in  phenol  solatton.  Trans.,  1905,  87, 
1681),  a  result  which  can  possibly  be  correlated  with  the  fact  that  a 
chain  of  six  carbon  atoms  bends  round  on  itself  in  space.  On  taking 
the  mean  of  the  two  onrres  (Fig.  1),  further  influences  of  the 
disturbing  factor,  whether  it  be  lack  of  symmetry  or  some  other 
cause,  appear  to  be  eliminated,  and  the  rcfultant  dotted  curve  is 
quite  regular.  It  can  scarcely  be  imagined  that  the  regularity  and 
symmetry  of  this  dotted  curve  is  altogether  accidental,  and  it  niiy  be 
considered  as  a  typical  melting-point  curve  for  compounds  of  the 
general  formula  CH3*[CH.^]h*(J0- NTIK,  after  the  disturbing  influences 
of  ailerations  in  symmetry  have  beeu  eliminated. 
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Finally,  a  aeries  was  iorertigated,  namelj,  the  faUy  a-napbthyl- 
alides  (table  III),  in  which  the  grouping  X  was  heavier.   The  sanie 

alteration  between  the  odd  and  even  members  persists,  but  the  other 
irregularities  have  disappeared  ;  tiio  compounds  with  an  even  number 
of  carbon  atoms  form  a  regular  series  with  a  minimum  at  the  eighth 
member,  and  there  is  a  similar  odd  series  falling  to  a  minimum  ai 
the  ninth  member. 

Tablb  III. 


Number  of  carbou 
atoms  in  acid. 

2 
8 
4 
6 
« 
7 
8 


Melting  i»otnts  of 
a-naphthalidea. 

202' 

lie** 

15J0* 

111* 

112* 

106* 

96*^ 


Number  of  CArbon 
atoms  in  acid. 

9 
10 
11 
12 
14 
10 
18 


M^^ltincj  \\o\nls  of 
a-uaphiaaliiie& 

91* 

99* 

92* 

100* 
106* 

106* 


*  Detenuinatloiu  by  the  author. 

£ZPXRIHBMTAL. 

Tho  anilidos,  ^-toluidides,  und  a-naphthalides  described  in  the 
present  paper  were  prepared  by  the  following  method.  A  mixture  of 
1  to  3  grams  of  the  fatty  acid  and  the  equivalent  amount  of  amine 
was  heated  in  a  sealed  tube  to  160 — 190°  for  eight  to  twelve  hours. 
In  no  case  was  any  pressure  observed  in  the  tube  after  cooling.  The 
product  of  the  reaction,  generally  a  solid  or  an  oil  which  soon  solidified, 
was  purified  by  recry stall isation  from  aqueous  alcohol,  or,  in  the  case 
of  the  derivatives  of  the  higlier  fatty  acids,  absolute  alcohol.  In 
certain  cases,  wbea  the  product  tended  to  be  oily,  it  was  found 
advisable  first  to  spread  the  mass  on  a  porous  tile  and  leave  for  twenty- 
four  hours  before  recrystallisation.  The  yields  varied  between  30  and 
80  per  cent.,  depending  largely  on  the  degree  of  parity  of  the  fatty 
add  employed.  The  anilides  and  J^toluidides  were  pure  white  « 
faintly  yellow ;  the  a-naphthalides  generally  had  a  pink  ooloiiri  not 
unlike  that  which  o-naphthylamine  acquires  on  contact  with  the  sir. 
On  boiling  in  alcoholic  solution  with  animal  charcoal,  all  inwes  of  pinh 
colour  could  be  removed  without,  however,  aifeetiag  the  mdUng  point. 
When  purot  the  a-naphthalides  were  completely  free  from  the  objeetioo- 
able  odour  of  the  base. 

On  page  1037  are  the  new  compounds  deeeiibed,  with  the  results  d 
the  analyses : 


Digitized  by  Google 


TH£  YOLUMETRIC  XSTIMATION  OF  SILVER.  1037 


Tablb  XY. 

Percentage  of  nitrogen 

ComiKtund.  Formula.  M.  p.       found.  theory. 

».Octanilide    ChH„ON  67*  «'4  6-4 

w-Nonanilide   C,,(ln,ON  57  6  3  <J  0 

H-Decanilule   ,   CrH^sON  61  6'9  5  7 

H-Undecanilide   CnH^rON  64  6'6  6'3 

LraimDilide   CjsH^ON  68  61  6  0 

».Butyro-p-toluidide   C„H,,OX  74  8  0  7'8 

n-Valero.;>.tnlaidide         .  ...  CijHnON  72  7  5  7*8 

i»-Hexo-i>  toluidide    C,3Hjj,0N  75  7  0  6*8 

».Hepto  p-toluidide   C'l^H.^iOIT  80  6*8  6'4 

n-Octo-p-toluidide   CijHssON  67  6*2  6*0 

n-Nono-p-toluidide    C,^Ho-.ON  81  5 '7  6-7 

n-Deco-p  toluidide    Cj7Hi70N  80  5*5  5  3 

it-Undeco-p  toluidide    C„H»ON  67  6  0  5  0 

Lauro-;)-folui'rlirlc   r,,.M,,ON  81  6  0  4-8 

Myriato-;)-toliiidide    Cj,H,,ON  98  4-3  4 '4 

Ptlmito-fy-tolmdide   (iHjpON  96  4  1  4*0 

Stcaro-p-toluidide   CjaH^jON  98  3  9  38 

Propioa-naphthalide    C,aHi,OiV  116  7'0  7  0 

n-Butyro-a-naphthalide    C'hHisON  120  6-8  6  6 

i».Vdero.«.napIithaIid«    C,5H,l0N  111  6-5  6-8 

n-llexo-a-naphthalide   C,«H,„ON  112  6'0  6-8 

Ilepto-a-naphthalide    C,7Ha,0N  106  6-6  6-5 

Octo-o-naphthalido    C,8H„0N  95  5 '6  5  2 

NonoHi-naphthalid^   C„HmON  91  5-1  5*0 

Deco-a-naphthalide    C^H^rON  99  5  0  4-8 

Undeco-a-naphthalidc   C^HajON  92  4'9  4*6 

Lauro-o-naphthalido   CjiHgiON  100  4-1  4*4 

Myristo-o-naphthiilide              C^HjsON  105  3*9  4-0 

Palmito-a-naphtlmli.le   C^Hj^ON  106  3  8  37 

Steiroa-oaphthalide    C^}i^fi^S[  110  3  6     '  3*4 

The  above  research  was  begun  some  years  ago  in  Now  Zealand 
tinder  the  direction  of  Prof.  Eastertield,  to  whom  my  best  thanks  are 
due  for  his  kind  interest  and  helpful  advice,  and  finished  in  Oxford. 

TatmTT  OOIABOB, 

OxroBiK 


CII. — The  Volumett^ic  Estimation  of  Silver. 
By  William  Robert  Lano  and  John  Osim  Woodhoubb. 

Tw  this  journal  (Lang  and  Alien,  Trans.,  1907,  91,  1370)  there  was 
described  an  apparatus  for  the  estimation  of  sulphates  and  salts  of 
barium  based  on  the  rapid  deariog  of  turbid  solutions  in  narrow 
tubee.  The  same  apparatus  was  used  to  determine  silver  by  standard 
Bodium  chloride  with  a  view  to  improving  on  the  well-known  Qay- 
Lussac  method,  but  greftfc  diflScuHy  was  experienced  in  determining  the 
•bd-point,  the  mhmt  BolnfeiaiiB  not  cleariDg  Bufliciently  rapidly.  The 
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apparftttts  was  therefore  modified  cooeideiftbly,  with  the  reenlt  thet 
estimations  of  silver  were  done  in  half  an  hour  with  an  average  ener 
of  less  than  a-tenth  of  one  per  cent» 

The  prindpal  differences  f rom.  the  former  apparatus  were  the  use  of 
fine  sand  to  retain  the  silver  chloride  precipitate,  the  replacement  of 
the  funnel  by  a  short  piece  of  tbin-wailed  glass  tubing,  which  enabl«t 
the  slightest  opalescence  to  be  easily  observed,  and  the  permaneiit 
attachment  to  au  exhaust  for  washing  the  precipitate  and  solutiou 
down  the  tube. 

A  rubber  cork,  pierced  with  two  holes,  is  inserted  in  a  dask,  of 
about  600  c.c.  capacity.  Through  it  passes  a  tube,  C,  of  about  60  mm. 
diameter,  fitted  with  a  stopcock,  D,  and  to  its  upper  end  is  sealed 
about  4  cm.  of  a  thin  te->t-tube,  E,  of  1 — 1"5  cm.  diameter.  About 
8  cm.  from  the  lower  end  of  tlio  tube  C,  a  plug  of  glass  wool  is 
inserted  and  the  remainder  ^ed  with  sand,  previously  washed  irm 


from  impurities.  The  sand  is  held  in  its  plaoe  by  a  seoond  plug 
of  glass-wool,  and  the  curved  piece  of  tubing,  B,  filled  with  glass-wool 
and  attached  to  (7  by  a  small  piece  of  rubber  tubing.  The  curved 
portion  may,  of  course,  be  sealed  on,  but  in  these  circumstances  ii 

not  80  readily  filled.  This  prevents  the  back  suction  from  displacing 
tlie  sand.  Tiiiougii  tho  Focond  hole  in  the  cork  a  small  piece  of  tubing 
passes,  connected  by  a  length  of  rublier  tubing,  F.Af,  to  a  three-way 
tap,  //.  7  is  a  small  band  aspirator  to  force  a  portion  of  the  contents 
of  A  up  the  tube  C  for  titration  in  A',  whilst  K  leads  to  the  exhaust 
pump.  It  is  advisable  to  have  a  space  between  the  tap  //  and  the 
water  pump,  as  this  ensures  there  always  being  a  ready  vacuum  avail* 
able  the  moment  the  connexion  is  made  through  //  to  the  flask, 

Tlie  first  set  of  ex{)erimeots  was  made  with  quantities  of  a  solution 
of  silver  nitrate  of  known  strength,  using  sodium  chloride  in 

excess  as  precipitant,  and  titrating  back  with  y/lQ  silver  nitrate.  A 
portion  of  the  silver  solution^  equivalent  to  0*5  gram  of  silver,  is 
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placed  in  the  flask  A  and  diluted  to  about  100  c.c.  with  distilled  water, 
60  c.c.  of  the  iV/lO  sodium  chloride  soIa^ioo  is  then  run  into  the  flask 
directly,  and  the  whole  heated  to  boiiiag  to  coagulate  the  precipitated 
aUver  chloride. 

iV/lO  Silver  nitrate  is  then  ran  in  directly  to  the  solution  and 
precipitate  op  to  within  a  few  ac.  of  the  calculated  amount  necessary. 
The  rubber  cork  with  its  attachment  is  replaced  and  the  three-way 
tapb  ff»  opened,  and  air  drawn  through  the  aolntion  for  a  few  minntee. 
This  materially  aeeists  the  settling  of  the  precipitate.  The  tap  is 
adjusted,  and  by  means  of  the  aspirator,  some  of  the  liquid  and 
precipitate  forced  through  the  layer  of  sind  and  glass-wool  *  into  B, 
which  it  reaches  in  a  perfectly  dear  condition,  the  silyer  chloride 
being  completely  retained  by  the  sand.  A  drop  of  If/lO  silver  nitrate 
is  added,  when  a  preciiutate  is  formed,  varying  in  intensity  with  the 
excess  of  salt  still  present  The  liquid  and  precipitate  are  then  sucked 
and  washed  down  into  J,  and,  if  the  thickness  of  the  precipitate 
Justifies  it,  ab3at  1  c.c.  of  the  silver  eolation  is  added  directly  to  the 
contents  of  the  flask.  The  stopper  is  again  inserted,  and  the  operation 
of  forcing  the  mixture  up  into  £,  titrating,  and  washing  down  again, 
continued  until  no  change  is  visible  in  the  clear  liquid,  when  a  drop 
of  the  silver  solution  in  added.  The  thin  walls  of  E  render  the 
faintebt  opalescence  readily  observable,  more  particularly  if  a  corre- 
sponding glass  tube  containing  distilled  water  be  used  for  comparison. 
The  results  of  the  tirst  set  of  experiments  are  as  follows  : 

In  each  case,  60  c.c.  of  silver  nitrate  solution  were  employed 
(  =  0-5  gram  Ag)  and  50  c.c.  of  a  solution  of  sodium  chloride  added, 
e.u  h  c.c.  of  which  is  equivalent  to  0  01081  gram  Ag.  This  corresponds 
with  5 0  0 463  c.c.  N/IQ  sodium  chloride.  On  titrating  back  and  calcu- 
lating the  amount  of  silver  equivalent  to  the  nett  sodium  chloride 
used  by  the  sample,  the  errors  varied  from  zero  to  +0*54  per  cent. 
Each  titration  required  twenty  minutes. 

In  order  to  reduce  this  error,  if  possible,  samples  containing  1  gram 
of  silver  were  taken,  100  cc  of  sodium  chloride  added  (I  c.c."^ 
0-01081  gram  Ag),  and  the  excess  titrated  back  with  ilT/lOO  silver 
nitrate  solution  (table  I). 

As  in  analyses  of  silver  alloys  by  Gay-Lussac's  method,  the  precipita- 
tion is  effected  in  the  presence  of  free  nitric  acid,  a  series  of  experiments 
was  carried  out  to  ascertain  the  effect  of  varying  proportions  of  acid. 
The  volume  of  the  solution  containing  1  gram  of  silver  was  100  c.c ; 
the  amount  of  add  varied  from  10  cc  to  60  cc,  and  the  resulting 
errors  from  -l- 0*094  to  ->  0*219  per  cent.,  the  mean  error  being 
—  0*0684  per  oent.»  the  presence  of  the  nitric  asid  thus  tending  to 
make  the  precipitation  more  complete. 

*  OlSM-wool  and  aabeittu*  were  fouud  to  be  incapable  of  rctaimng  the  precipitats. 
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Table  I. 


-A'/lOO-AgNOa  Nctt 
iiBed  to  titrate  A/lO-NaCl 

Diff.  in 

Grams  Ag 

Equiv.  to 

Ag  found. 

Bnor 

bftck,  in  0.0.  used,  in  o.e. 

grams  Ag. 

in  grftina. 

1H> 

72-00  92-8926 

1  0082 

0-0082 

•1-0 -32 

1*0 

76-20  92-47-26 

0  9987 

0-0013 

-013 

1-0 

75-05  92-5876 

0-99994 

0-00006 

-0-006 

I'O 

78-20  02*7720 

10019 

0  0010 

+  019 

1*0 

72*80  02-8626 

1-0020 

0D020 

•1-0-89 

ATonge  errors  •j-  0*266  per  eent  and  0*068  per  cent.  Mean  errors 0*198  per  cent. 

Avemge  time  token  s27  ndnateii 


To  test  the  uaefalnees  of  this  apparatos  as  applied  to  the  practical 
eatimatioii  of  silver  in  bullion,  the  nsnal  conditions  under  which  this 
is  done  by  the  Qay-Lossac  method  were  adhered  to^  namely,  1  gram 
of  pure  silyer  dissolved  in  abont  16  cc  of  nitric  add,  100  ce.  of 
A/IO  sodium  chloride  added,  and  the  excess  titrated  with  iVyiOO  silver 
nitrate.  (When  necessary,  any  excess  of  silver  solution  added  was 
titrated  with  iV/100  sodium  chloride.) 

The  following  table  contuins  tiie  resului  of  these  experiments,  and 
the  time  taken : 

Table  II. 


iV/lOO-A^^XO,. 

Nctt 

Diff.  in 

Grams  Ag  uaed  to  titrate 

iV/lO-NaCl 

Equiv.  to 

Ag  found, 

Error 

employed. 

back,  in  c.c. 

used,  iu  c.c. 

grams  Ag. 

in  grams. 

per  cent. 

1*004 

72-00 

92*8926 

1*0082  « 

0*0008 

-0*08 

1-000 

73-30 

92-7626 

1  0018 

0*0018 

+  0-18 

0-P994 

74-75 

92-6176 

1-000-27 

0-00087 

+  0  087 

1-0018 

73-80 

92-7126 

1-00129 

0  0005 

-005 

1*0084 

73-00 

92*7926 

1-0021 

0*0018 

-0*18 

1  -0030 

72-30 

92*8626 

1  -0029 

0-0001 

-0-01 

1-0085 

72-30 

92-8626 

1-0029 

0-0006 

-0-06 

Averi^e  error=  -  O'OtiG  per  cent,  aud  +0*133  per  cent. 
Mean  errors  -0'067  per  cent.         Average  time  takensSO  minntee. 


It  may  be  added  that  no  excessive  shaking  up  of  the  mixture  is 

required  other  than  sufficient  to  ensure  proper  mixing  after  each 
addition  of  the  reagent. 

Ohimical  Laboratory, 

Ukitxbsitt  o»  Touonto. 


Digitized  by  Google 


POLARIMETKiC  STUDY  OF  INTKAMOLECUI^R  R£ARRiLKGEM£KT.  1041 


CI  11. — The  Polanmetric  Study  of  Intramolecular  Me- 
arranyenient  in  Inactive  Substances, 

6/  Thomas  Stkwabt  Pattxbson  ahd  Avdbxw  MoMillan, 
M.A.,  B.So.  (Carnegie  Research  Scholar). 

In  two  recent  paper.^  (Trans.,  1907,  91,  504;  Ber.,  1907,  40,  2564), 
we  have  sliown  that  when  certain  inactive  compounds  capable  of 
undergoing  intramolecular  rearrangement  are  dissolved  in  active 
liquids,  it  is  possible  to  follow  the  change  of  constitution  of  the 
inactive  substance  by  observing  a  corresponding  alteration  in  the 
rotation  of  the  active  solvent.  We  showed  that  the  ^n-form  of 
bensaldozime  and  of  anisaldoxime  has  a  much  more  pronounced 
effect  on  the  rotation  of  ethyl  tartrate  than  has  the  corresponding 
cmlf-ozime,  so  that  in  a  solution  containing  only  one  or  two  per  cent, 
of  optically  inaetiye  substance^  the  yelodty  of  rearrangement  can 
easily  be  obeerved  and  can  be  measured  with  fair  aocunu^. 

Thi«  behaviour  seems  to  apply  to  axomatio  aldozimes  generally,  the 
two  forms  of  which  have  different  solvent  influences,  not  only  on  ethyl 
tartrate,  but  also  on  methyl-  and  ii-propyl-tartrate  and  methyl-^ 
ethyl-,  and  7i-propyl-malate.  That  the  process  is  not  confined  only 
to  ozimes  was  proved  by  an  experiment  with  ethyl  formylphenyl- 
aoetate^  in  which  the  change  from  the  end-form  to  the  aldo-form 
oould  be  traced  by  observing  the  gradual  increase  in  the  rotation  of 
ethyl  tartrate  in  wh&sh  the  substance  was  dissolved. 

The  present  paper  gives  an  account  of  some  further  experiments 
which  we  have  carried  out  on  this  subject  with  a  view  partly  to 
extend  the  scope  of  the  method  to  include  other  types  of  intra- 
molecular change,  partly  to  ascertain  moro  detinitely  the  most 
favourable  procedure,  and  partly  to  obtain  greater  accuracy  in  the 
numerical  results.  The  last  of  these  desiderata  has  been  rendered 
possible  by  the  generosity  of  the  Carnegie  Trustees  for  the  Universities 
of  Scotlaud,  who  have  placed  at  the  disposal  of  one  of  us  an  excellent 
Schmidt  and  Haeusch  polarimeter  together  with  a  thermostat  of  hia 
own  design  for  use  with  it. 

The  thermostat  is  a  large  copper  bath,  about  50  litres  capacity, 
through  which  passes  a  copper  tube  wide  enough  to  contain  the 
polarimeter  tubes.  This  tube  is  closed  at  each  end  by  glass  disks,  and 
the  whole  apparatus  is  so  arranged  that  the  axes  of  the  instrument 
and  the  polarimeter  tube  lying  in  the  thermostat  coincide.  The 
water  in  the  thermostat  is  well  stirred,  and  the  temperature  is  kept 
constant  by  means  of  a  thermo-regulator  designed  by  one  of  us 
(J.  See,  Ck$m.  Jnd.,  1902,  21,  456).  This  regulator  has  two  bnlbs^ 
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and  is  filled  with  about  80  c.o.  of  benzeDe.    Its  accuracy  leaves 

little  to  be  desired ;  the  bath  can  very  easily  bo  brought  to 
any  deaired  temperature  (within  reasonable  limits),  and  can  be  kept 
within  OOP  of  that  temperature  for  weeks  at  a  time  without  the 
slightest  trouble. 

As  our  own  former  experiments  seemed  to  show  that  the  purity  of  the 
active  substance  used  is  of  importance  in  determining  the  velocity  of 
transform  it  ion  of  a  labile  substance  dissolvei  in  it,  we  first  in- 
vestigated the  effect  of  repeated  distillation  of  the  ethyl  tartrate.  As 
it  may  be  of  some  importance  for  1  iter  reference,  we  give  an  outline  of 
our  preparation  of  the  ester.  A  mixture  of  tartaric  acid  with  about 
twice  its  weight  of  alcohol  was  saturated  with  hydrogen  chloride.  Tiie 
excess  of  alcohol  was  then  distilled  off  under  diminished  pressnre 
(using  a  water-bath),  the  original  quantity  of  alcohol  added,  and  the 
saturation  and  distillation  repeated.  The  ethyl  tartrate  was  thea 
distilled  under  redooed  pressure,  without  separation  into  fractions, 
and  the  product  was  redistilled,  a  first  fraction  being  rejected.  We 
shall  refer  to  ethyl  tartrate  prepared  in  this  way  as  ^  twice  disfciUed/ 
but,  of  course,  it  is  obrlous  that  this  is  only  a  very  rough  way  of 
indicating  the  purity  of  the  ester,  which  would  depend  tm  the  sise  of 
the  rejected  fraction. 

As  a  suitable  Itbile  compound,  we  have  used  mostly  piperonaliya^ 
ozime.  It  was  prepared  by  passing  dry  hydrogen  chloride  into  s 
flask  containing  the  atilt-ozime  dissolved  in  ether  (not  by  bubbling 
the  gas  through  the  liquid),  and  then  decomposing  the  precipititod 
hydrochloride  by  excess  of  sodium  carbonate  eolution.  Theimpaie 
syn-oxime,  after  drying  on  a  porous  plate,  was  subjected  anew  to  the 
whole  process,  and  the  resulting  product  crystallised  from  methyl 
alcohol.  For  each  experimeat,  it  was  recrystalliaed  a  few  hooil 
before  the  solution  was  made  up  ;  M.  p.  146^. 

A  solution  containing  4  ^8  per  cent.*  of  this  «?/n-oxime  in  the  ethvl 
tartrate  **  twice  distilled  "  was  then  examined  in  the  polarimeter  frum 
time  to  time  with  the  following  results.  (7'=  time  in  minutes  from 
the  preparation  of  the  solution,  a » total  change  in  rotation  between 

and  J'oo,  k  is  calculated  froji  the  equation: 

where  x  is  the  change  in  rotation  after  time  T,) 

*  lu  the  tablet^  th«  conoeatnitioD  is  ezpnsiiid  tbronghout  in  terns  of  etlijl 
taitiate  per  100  gnuns  of  aolatioa. 
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PiprnmalBynageiim  in  JSik^  TartiraU    Twie$  Di$tUUeL" 


I.      95  02.   Temperature,  20"".   a  »  2*672^ 


aJf^ClOOmn.). 

10001% 

T(iniii.)* 

aji^(100iiiiii.). 

1000  At. 

0 

+  i4ir 

1605 

12-39° 

0-685 

55 

14-012 

0  6S0 

1705 

12-28 

0-677 

185 

13-80 

0(if)5 

2010 

12-125 

0-676 

300 

18-60 

0-706 

2760 

11-840 

0-686 

800 

12-955 

0-728 

oo 

11-488 

1245 

12-55 

0*704 

0-689 

The  ethyl  tartrate  was  then  redistilled,  a  first  fraction  of  about 
one-fifth  being  rejected,  and  with  the  ester  thus  purified  two  solutions 
of  the  same  strength  as  before  were  made  up  and  examined 
poiarimetricailj  with  these  results : 


FtpmnuOAjnofeUM  in  Ethyl  TaHraU  "  Three  Tinua  J)MUed,'* 


II.       94-97.    Temperature,  20°. 


^(miii.).     a^"*  (100  mm.).  1000  Jb. 

0  +14-40»  — 

60  14-880  0-346 

140  14-257  0-355 

260  14-140  0-372 

875  13-982  0  382 

1140  13-416  0-356 

2085  12-546  0  333 

4160  12*182  0-882 

flo  11-464  — 


Mean  0*864 


III.  94-96.  Temperature,  20°. 
r(miD.).      oj^(100min.y.       1000  Ar. 


0  +14'40'  — 

50  14-35  0  352 

130  14-266  0  360 

430  14  01  0-337 

1190  13*396  0*349 

1675  18  06  0-362 

2600  12-653  0345 

00  11-462  — 

Mean  0'351 


Mean  of  both  aeries  0'86S 


The  mean  values  of  the  constant  in  these  two  indepeivlent 
experiments  differ  by  less  than  1  per  cent.,  which,  conaidering  that  the 
total  change  ia  someUuog  less  than  3°  must  be  regarded  as  very 
flfttisfaotorj. 

It  is  clear  that  the  third  distillation  effected  a  considerable 
since  the  value  of  1000  ^haa  fallen  from  0*689  to  0*352,  or 
almost  to  one-half.  The  ethyl  tartrate  was  then  redistilled  as  before 
and  a  fourth  solution  prepared,  to  which,  tdth  the  object  of 
hastening  the  veaetion,  a  drop  of  alcohol  was  added.  The  resolt  was  as 
follows : 


JPipmimahynogeime  tn  Bihyl  Tbrfrafe  *<  Four  Times  DtHiUed** 


T(inio.).  eJ^ClOOmm.)' 

0  14-18' 

50  14-16 

105  14*186 

VOL.  XCIII. 


IT.  j9  *  94-94.   Temperature^  20°. 
1000  A; 


0-152 
0-149 


r(iiihi.X 

1165 

00 


a -2-736°. 
1^(100  mm.  )w 


18744* 
11*444 


1000  ifc. 
0*140 


Mean  0'150 

3  z 
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The  fourth  dirtilktum  had  thne  effected  a  farther  oonaideffaUe 
ptirifieation ;  the  Talne  of  h  wbm  this  time  rather  more  than  halved,  so 

that  the  presence  of  the  drop  of  alcohol  can  have  had  very  little,  if 
any,  accelerating  effect.  The  reaction  was  so  slow  that  more  than 
three  weeks  elapsed  before  the  rotation  reached  a  final  value.  Pre- 
sumably, continued  distillation  would  reduce  the  velocity  still  further, 
and  it  would  seem  that  in  this  procedure  we  have  a  test  much  more 
delicate  than  any  other  for  ascertaining  the  parity  of  this  and  probably 
also  other  active  esters. 

These  results  have  two  important  bearings.  They  show,  firstlj,  that 
a  set  of  observations  obtained  for  a  certain  ozime  with  one  specimen  of 
ethyl  tartrate  or  other  ester  must  only  be  compared  very  cautiously 
with  results  got  by  using  a  dififorent  sample  of  active  indioiKtor,  and, 
secondly,  that  it  is  not  possible  to  compare  with  absolute  aeeoruj  the 
velocitj  of  transformation  of  an  inactive  substance  In  one  ester,  ssj 
ethyl  tartrate,  with  its  rate  of  transformation  in  another  ester,  say 
n-propjl  tartrate^  since  we  have  at  present  no  means  of  deciding  whsQ 
the  two  esters  are  of  exactly  the  same  degree  of  purity.  This  latter 
consideration  applies  to  our  recently  published  work  {Ber,,  1907, 
2564)^  in  which  we  compared  the  velocity  of  transformation  of  anis- 
synaldozime  in  several  esters.  Nevertheless,  since  the  esters  used  had 
all  been  prepared  and  purified  in  the  same  manner,  any  results 
obtained  by  comparison  of  the  data  quoted  are,  doubtless,  not  far 
from  the  truth. 

It  is  clear  that  a  highly  pm  ificd  ester  is  not  very  suitable  for  the 
study  of  intramolecular  rearrangement  by  our  method,  ismce  the 
experiments  take  so  long  to  run  to  completion.  We  therefore  used 
for  the  following]  quantitative  experiments  with  piperonal^ynoxime,  a 
fresh  sample  of  ethyl  tartrate  "  twice  distilled,"  and,  in  order  to  have 
some  standard  by  means  of  which  our  present  data  may  be  compared 
with  those  given  in  previous  papers,  we  first  determined  .the  velocity 
of  transformation  of  a  specimen  of  anis^yftaldozime  twice  precipitated 
as  hydroehloride  and  crystallised,  first  from  methyl  aicohoi^naA  then 
from  beniene  (m,  p.  133^) ; 


AnusyiialdoxiiM  in  Elhyl  TairtraU  **  Twie$  A  t^i^SM* 
J9«95'0.    Temperature,  20^.    a  =  3-1',  itt^. 


r(iniii.)* 

i{>*(100  mm.). 

1000  it. 

JP(niin.). 

(100  mi 

0 

14-25* 

875 

12-512' 

65 

13316 

3*25 

450 

12*218 

106 

18-5M 

s-so 

620 

18*182 

185 

13164 

2-25 

1406 

12-264 

2i5 

12-904 

2-24 

11062 

m 

12748 

2  15 
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The  total  ebange  of  rotation  ia  ihua  vwf  nearly  the  same  as  tbat 
(a»S*008^)  oboerved  in  the  experiment  with  aniaaldoziDe  already 
dceeribed  (Ber,,  1907»  40,  2667),  but  the  valae  of  1000  k  (2*17)  ia 
greater  than  that  prefionaly  found  (1*88).  This  la  due  to  the  faet 
that  the  eater  uaed  in  the  experiment  quoted  had  been  three  times 
distilled,  and  was  therefore  somewhat  purer  than  that  with  which  the 
above  data  were  obtained. 

[Tk$  InfiumoB  of  Iknqteraiun  cn  ik$  RtarrangminU  <f 

PipmnuUsy  noxirM. 

With  tlie  above  sample  of  ethyl  tartrate  (1000  h  for  anisaldoxime  =s 
2'17),  we  carried  out  a  number  of  experiments  with  piperonahynojume 
at  different  temperatures,  commonciag  at  20^  and  rising  by  two  degrees 
each  time  to  30^  the  delioacy  of  the  reaction  making  it  easily  possible 
to  proceed  by  small  increments.  At.  each  temperature,  two  solutions 
of  the  same  concentration  (as  nearly  as  possible  6  per  cent,  of  oxime  in 
each  case)  were  examined,  the  oxime  being  separately  crystallised  for 
each  solution  and  shortly  before  its  preparation,  so  that  the  deter- 
minations are  quite  indepsndent. 


Temperature,  20^. 


I.  p 

-94*96.  a-2-666<>. 

n.  p 

-94-95.  a- 

2-866*'. 

T  (mill.). 

oj^  (100  mm.). 

1000  k. 

r(mia.). 

1^(100  mm.). 

1000 

0 

0 

+14-8r 

40 

14-251 

0-567 

40 

14-253 

0-542 

275 

13*894 

0-580 

205 

14  004 

0*569 

1130 

13  07 

0-507 

310 

13-866 

0*650 

1390 

12-892 

0-496 

3D5 

13  758 

0-552 

1790 

12-654 

0  186 

565 

13  558 

0*546 

2605 

12-242 

0-496 

1425 

12-862 

0-499 

2965 

H'llS 

0-494 

1740 

12*66 

0-497 

4m 

11-83 

0*504 

2870 

12-184 

0*476 

11*454 

3230 

12  0(56 

0*478 

Mean 

0-517 

11*454 

Mean  Qrm 

94*87.  a -2*88^. 

af'(100mm.).      1000  Ir. 
+  14-44''  — 

14-204  0*571 

14*068  0*558 

18-962  0-506 

13-60  O'kXO 

12-808  0-606 

12-764  0*599 

12*662  0*591 

12-158  0-661 
11*560  — 
Meau    0  583 

3x2 
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Temperature^  22^. 


IIL  p- 94*98.  a-2*888« 


T  (min. ). 

0 

130 

175 

850 
1185 
1815 
2620 
2726 
2915 
8130 


||fS» 


(100 

4-14*44* 
14*282 
14-156 
18*906 
12*98 
12*566 
12192 
12*162 
1210 
12  058 
11-552 


1000  A;. 

0*579 
0*589 
0-584 
0-694 
0-577 
0*579 
0-570 
0*570 
0*566 

0*677 


IV. 

T(mia.). 

0 

150 

255 

805 

545 
1380 
1455 
1785 
2800 

00 
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Temperature,  24**. 


V.  p 

=  94"925.    a  = 

=  2-84''. 

VI. 

P  =  ' 

94-91.    a  = 

=  2-84®. 

ft34*  n  00  mm  i. 

1000  k 

a'* 

"  (100  mm  \ 

1000  jb 

A 
<l 

+ 14  5d 

0 

+ 14  00 

14-264 

0-818 

116 

14^94 

0*74» 

280 

14-042 

0-817 

230 

14  050 

0-S06 

280 

18-944 

0-825 

350 

18-828 

0-810 

1205 

12-718 

0-784 

535 

18*644 

0-798 

1556 

12-566 

0-759 

1395 

12-670 

0-761 

1  QAA 

loDll 

12  416 

0-738 

1600 

12-586 

0  768 

00 

11*690 

1675 

12-514 

0  788 

Meui  Orm 

CO 

ll'OOO 

Kom  0*719 

Temperature,  26°. 

vir.  p 

=  94-984.  a- 

=  2-798-^. 

VIII. 

P  = 

95-01.  a 

=  2-80°. 

af  (ino  mm.). 

1000  k. 

T(miiL). 

(100  ram.). 

1000  it 

il 
U 

4-14  68' 

0 

+  14-68* 

70 

14*484 

1*08 

60 

14-490 

1*1T 

180 

14-308 

1-09 

170 

14-lStj 

1-14 

160 

14-224 

1-12 

320 

18-820 

114 

287 

13-918 

111 

515 

18-423 

115 

656 

18*892 

1*11 

1406 

12-444 

1*14 

12-510 

1-10 

1520 

12-416 

lOS 

1420 

12-440 

113 

1805 

12-272 

1-09 

so 

11*882 

00 

31-88 

Mctti  1*10 

Meuk  1*U 

Temperaturei  28®. 

IX.  ;) 

=  95-01.    a  = 

2-766° 

X.  p 

=  95  02.    o  =  2-772° 

(100  mm.). 

1000  Jt. 

J  (mm.). 

< 

(100  mm.). 

1000  i;. 

A 

+  14-78' 

0 

+  14-78' 

AA 

90 

14-43 

1-50 

100 

14-374 

1-58 

146 

14-268 

1-40 

140 

14-232 

1*67 

206 

14  070 

1  44 

200* 

14-080 

1-40 

860 

18*702 

1-41  • 

380 

13-616 

1-48 

610 

18-374 

1*89 

400* 

18*690 

1-42 

AHA* 

13-210 

1-40 

500* 

18-870 

1-45 

800* 

12-95 

1-35 

650 

18-100 

1*48 

00 

l'-2UH 

oo 

12-008 

Mean  1*41 

-    Umu  l*fir 

Temperature,  30°. 

XI.  p 

«9501.  o« 

2-776° 

XII.      95-01.  a» 

T  f  min  ) 

(100  mm.). 

1000  it:. 

r(miiL). 

< 

(100  mm.). 

1000  «w 

U 

+  14-90° 

0 

+  14-90"' 

llD 

14-304 

210 

108 

14-324 

2*15 

QAA 
4W 

18*096 

1*97 

196 

18*988 

2*04 

200 

13-794 

1-95 

290 

18*690 

1-97 

815 

13-648 

1  90 

370 

18*466 

1-94 

380 

13*480 

1*87 

520 

18168 

1-90 

415 

13-400 

1-87 

600* 

18*080 

1-86 

492 

13-240 

1-86 

800* 

12-78 

1-80 

00 

12-124 

oo 

12-124 

Ml 

Mui  liii 

*  Theae  T»lttM  U9  taken  from  «  cure  dnwn  thnmgh  tha  other  expeiinMatd 
pointa. 
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It  will  be  observed  that  the  two  average  values  of  the  velocity 
constant  at  each  temperature  agree  satisfactorily,  the  percentage 
difference  between  them  being  respectively  1*3,  0*9,  1*7»  2*9,  3*9^  and 
1*0.  The  velocity  of  the  reaction,  of  coarse,  increases  rapidly  with 
rise  of  temperaturef  and,  as  will  be  seen  from  the  table  below,  it 
increases  in  accordance  with  the  formula  suggested  by  van't  Hoff ; 

•*  1       0      ^  0  *  0 

where  «=  a  constant,  7*^  and  are  absolute  temperatures,  and  ^  and 
ki  the  corresponding  values  of  the  velocity  constant. 

Substituting  in  this  equation  the  values  for  A-^j  and  Argj,,  we  find 
a  =  13620.  Using  this  value  for  a,  and  putting  for  k^,  we  obtain 
for  the  theoretical  value  of  k  at  the  other  temperatures  the  numbers 
in  the  second  column  below  : 

lOOOibealenlatod. 

a  =13620.  1000  Jb. 

Temperature.      *,o  =  l*9^1«  observed.  A. 

20*                 0-418                  0-520  0  102 

22                 0*574                 0*580  0*000 

24                 (0-782)  (0-782)  — 

26                  1-063                  1-114  0  051 

28                  1-440                  1-440  0  000 

80               (1*941)  (1-941)  — 

The  agreement  between  the  calculated  and  experimental  values  is 
quite  satisfactory,  except  at  20°.  That  at  the  lowest  temperature 
the  difference  is  greatest  is  probably  due  to  the  fact  that  the  slight 
heating  which  is  necessary  to  dissolve  the  oxime  accelerates  the 
Motion  in  its  initial  stage.  In  the  other  eiperiments,  the  tempera- 
tore  required  for  bringing  about  solution  is  not  much  higher  than  that 
maintained  during  the  reaction,  which  oonEcquently  pursues  a  normal 
course. 

The  above  formula  has  been  applied  by  Ley  {ZeUteh,  phpiikai, 
CAsifi.,  1895,  18,  387)  to  the  velocity  of  conversion  of  acetates  of 
sypi-ommes  into  acetates  of  ara<^ozimes,  with  somewhat  similar  results. 

Having  canied  out  the  above  series  of  experiments,  we  extended 
our  investigation  to  some  other  reactions,  for  the  measurement  of  the 
velocity  of  which  our  method  either  might  be  applied  or  else  is  the  only 
one  available.  The  following  data  relate  to  a  reaction  of  the  latter 
class. 

VdoeUy  0/  £iarraingment  qf  i>  lod<^ns»ynaldoxim$  in 

U'Propjfl  TartraU. 

The  oxime  melted  at  160°*,  and  was  not  sufficiently  soluble  in  the 
ester  for  a  5  per  cent,  solution  to  be  made  up  : 
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/»»97-51.   Temperature,  a-1-507^ 


Tlmin,), 

(100  mm.). 

1000  ife. 

7*  (rain.). 

•JfOOOmm.).     1000  it. 

0 

+  16-02'' 

2930 

+  16  05*  0-352 

86 

16  00 

0-368 

3180 

1500  0-355 

295 

wm 

0'S74 

4060 

14-88S  0*888 

1150 

15*618 

0-356 

4615 

14'7M  0*886 

1450 

15-448 

0-356 

00 

14-618  - 

2610 

15-13 

0-342 

Mean  0*363 

Tlio  ?i-propyl  tartrate  used  in  this  experimeot  was  the  same  as  that 
in  which  the  transformation  of  anissynaldoximo  and  w-nitrobenz^jy/*- 
aldoxime  had  been  observed  {Bir.,  1907,  40,  2568),  so  that  the  con- 
stants should  be  directly  comparable.    They  are  : 

Sabitanoe.         1000  in  H-propyl  tartiate. 

Anis«ynaIdoxiiii«    I'Ol 

wj-Nitrobt'nz^i/naMoxime    049 

p-lodohenzsynaldoxime   0-363 

Tks  VdoeUif  qf  Tran^ormaUon  qf  nt-iaoNUrUoluMe  (PkMiflhBoniinh 

In  our  first  paper,  we  were  able  to  show  that  it  is  possible  to  follow 
by  our  new  method  the  change  of  the  enol-form  of  formylphenylac^tic 
ester  into  the  more  stable  aldo-form.  Another  substance  which 
claims  very  considerable  interest  on  account  of  the  fact  that  it  exists 
in  two  forms  which  exhibit  a  somewhat  similar  relationship  is  o>-nitro- 
toluene.  The  change  of  6j-i«onitrotolnonG  into  w-nitrotoluene  has  l>een 
followed  by  Hantzsch  and  Davidson  (Ber.,  1896,  29,  2259)  by  mixing 
together  solutions  of  the  sodium  salt  of  the  former  substance  and 
hydrochloric  acid,  and  observing  the  gradual  diminution  in  eondne- 
tivity  of  the  fiolution ;  also  by  following  a  alow  change  in  the  app»arent 
molecular  weight  as  determined  by  the  cryoscopic  method  in  benzene 
(/oo.  ctl.,  2264),  and,  further,  by  the  application  of  the  ferric  chlorido 
reaction.  By  none  of  these  methods,  howevert  has  an  attempt  been 
made  to  obtain  a  Taloe  for  the  Telodtj  constant  This  seemed  there- 
fore an  interesting  case  to  which  to  apply  our  method.  We  prepared 
some  a>Hfonitrotolaene  from  benzyl  iodide  and  freehly-preeipi* 
tated  silyer  nitrite  according  to  Hollemann  (iSte.  irav,  cAtm.y  1894, 
is,  403)  and  Hantssch  {Ber,,  189$,  29,  699,  S251).  Only  a  small 
yield  (0  5  gram,  m.  p.  75°)  was  obtaine<^,  a  coi^derable  quantity  of 
substance  having  been  lost  in  puri^tion. 

A  solution  containing  about  10  per  cent,  of  o)-tf(^nit^toluene  (6 
grams  in  all)  was  made  up  with  some  of  the  same  n-propyl  tartrate  as 
used  in  the  previous  experiment,  and  this  was  examined  in  a  j^O  moif 
tube  in  the  polariiueter.    The  result  was  as  follows : 

k 
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9iK  dO-19 

Jf  "  JrV/  k  9» 

nim  1 

1000  h. 

0 

+  7  •82"* 

60 

770 

2*88 

166 

7-518 

2-66 

375 

7-290 

2-34 

490  - 

7-173 

2-55 

1340 

6-913 

«o' 

0*918 

Mean  2'68 


The  total  difference  of  rotation  (0*907'',  using  only  a  50  mm. 
tube)  thus  induced  hy  the  cliange  from  one  form  of  the  inactive 
substance  to  the  other  is  very  considerable,  although  not  so  great 
as  with  the  oximes.  The  reaction  is  apparently  uuimolecular,  and 
the  value  of  .the  constaat  is  satisfactory.  The  velocity  of  transform- 
ation is  more  than  twice  as  great  as  that  of  anisiiyiialdozime  in  the 
same  active  ester. 

Tk$  iBonuriani  of  Ammonium  Thiocyanate  and  Thiocarbamide, 

We  have  also  examined  some  other  isomeric  snbstances  of  a  more 
easily  accessible  type.  For  the  purpose,  we  used  an  aqueous  solution  of 
ethyl  tartrate  of  concentration  p  «  50.    It  had  iff*  (100  mm.)  +  9 'TS". 

A  solution  of  1  gram  of  thiocarbamide  and  10  grams  of  this  solution 
bad  aS  (100  mm.)  +10*006^.  The  thiocarbamide  therefore  raises  the 
rotatiop  of  the  solution  slightly. 

An  esaotly  similar  lolntioii  of  ammeniun  thiocyanate  had 
or  (100  mm.)  +5-26*». 

The  effect  of  isomerism  in  these  compounds  is  thus  very  striking 
indeed.  The  rotation  of  the  former  solution  is  practjcally  doul)le  that 
of  the  latter,  and  this  alteration  is  really  enormous  considering  that  it 
is  brought  about  by  difference  in  constitution  of  less  than  10  per 
cent,  of  inactive  substance. 

The  rotation  of  neither  solution  altered  on  standing,  but  on  heating 
obvious  decomposition  ensued. 

These  experiments  indicate  a  simple  means  of  following  the  conver- 
sion of  ammonium  thiocyanate  into  thiocarbamide,  but,  since  the  course 
of  that  reaction  has  already  been  carefully  examined  (Waddell, 
J.  Physical  Chem,,  1898,  2,  523  ;  Reynolds  and  Werner,  Thtns,  1903, 
83,  1),  it  did  not  seem  necessary  to  do  more  than  satisfy  ourselves  as 
to  the  possibility  of  applying  our  method. 

Small  quantities  (about  2  grams)  of  ammonium  thiooyanate  and 
thiooarbamide  wore  heated  in  oealed  test-tnbes  for  some  two  and 
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tMlt  hovoB  to  about  170°  in  a  Lothar  Mayer  air-batb.  A  aolatioii  of 
ofteh  BnbitaDce  was  then  made  up  by  disiolving  1  gram  in  10  giams  of 
the  aqueona  e^jl  tartrate  solution : 

I  Rotation 


before 
heatiog. 
+  5-26* 


After  heating,  the  thiocyanate  gave  a  solution  of  a^'^  (100  mm.)  +  6-576* 
•I         ft  thioearbeaaide     „  », 

The  thiocarbamide  was  thug  being  traneformed  more  rapidly  tlian 
the  thiocyanate.  The  rotations  were  approaohing  a  common  value, 
bnt  equilibrium  had  not  yet  been  reached. 

A  second  experiment  was  carried  out,  the  substances  being  kept 
fused  far  about  twelve  hours  at  160—170°,  and  then  dissolved  aa 
before  in  the  ethyl  tartrate  solution.   The  rotations  then  wete 

Thiocyanate  solution,  a^^  (100  mm.)  7*212°. 
Thiocarbaiaide  suiution,  ai,''  (100  mm.)  7'112''. 

Equilibrium  had  thus  practically  been  attained,*  and  caleulating 
the  proportion  of  thiocyanate  converted  into  thiocarbamide  on  the 
assumption  that  change  of  rotation  is  directly  proportional  to 
quantity  of  substance  transformed,  which  may  not  be  quite  correct, 
the  above  experiment  gives  a  formation  from  ammonium  thiocyanate 
of  40  per  cent,  of  thiocarbamide.  Considering  the  rough  character 
of  the  experiment,  no  special  precautions  whatever  having  been 
taken,  it  is  not  surprising  that  the  result  is  nob  in  close  accord 
with  Eeynolds'  accurate  value  of  24*76  per  cent. 


TkB  Immimam  of  Ammmiiium  Cyanai$  and  CarhtuiUdt, 

We  next  tried  similar  experiments  with  ammonium  cyanate  and 
carbamide.  A  solution  of  ammooium  cyanate  was  prepared  by  mixing 
concentrated  solutions  of  potassium  cyanate  and  ammonium  sulphate^ 
The  precipitated  potassium  sulphate  was  filtered  oif,  and  the  cjanate 
solution  mixed  with  ethyl  tartrate.  Unfortunately,  this  predpitated 
more  potassium  sulphate,  and  the  solution  had  to  be  further  diluted. 
The  concentration  of  the  solution  u£ed  was,  as  regards  ethyl  tartrate^ 
j»»25,  and  as  regards  ammonium  cyanate,  approximately  p^i'5»  This 
mixture  was  then  examined  in  the  polarimeter  at  20^,  uid  yielded  the 
following  data : 

*  According  to  Reynolds  and  Werner  {he.  ciL,  p.  4)  equilibrium  IB  attained  iaa 
much  ahorter  time,  about  45  minutes  at  l70^ 


Digitized  by  Google 


INTBAMOLECULAR  REABRANQEMBNT  IN  INACTIVE  SUBSTANCES.  1051 


Tramfarmation  of  AfimmMm  CyanaU  into  Carbamide,  - 


7  (mill.), 
0 
S6 
65 
210 

m 


(200  noL). 
+  10-56* 

10  62 

10-67 

10-85 

11*45 


r(iiii]i.y. 

1680 
1900 
2780 
4670 


af>(200]Din.). 

+  13-12' 
13-27 

13-  83 

14-  40 
14*56 


The  rotation  of  the  solution  thus  increases  slowly  and  to  a  consider- 
able extent.  The  numbers  do  not  give  a  constant  when  calculated  by 
the  formula  for  xeactions  of  the  first  order,  which  is  in  accordance 
with  the  known  course  of  the  reaction  (Walker,  with  Hambly,  Kay, 
And  Wood,TranB.,  1895,  67,  746;  1897,  71,  489  ;  1898,  73,  21). 
Onr  data  are  insuffioieot  to  allow  of  the  application  of  the  formula 
for  reactions  of  the  second  order,  but  the  experiment  recorded  is  quite 
evffideat  to  ahow  that  oor  method  wonld  have  been  valiiable  In  this 
CMC  also  had  the  transfomiation  not  already  been  thoroughly  investi- 
gated by  other  means. 

That  the  reverse  change  of  carbamide  into  ammoniam  cyanate  can 
also  be  followed  in  the  polarimeter  is  shown  by  the  following 
experiment.  An  aqueous  solution  was  made  op  of  p^il'B,  relative 
to  ethyl  tartrate,  and  pa  11*1,  relative  to  carbanude.  It  gave  the 
following  result  at  36^ : 

T(nKii.).  (200  mni.). 

15  +20  044' 

70  19-988 

960  19*814 

The  rotation  thus  diminishes  with  lapse  of  Ume^  but  the  diminution 
is  slight. 

The  experiments  recorded  here  show  that  the  solvent  influence  of 
two  isomerio  snbetances  on  the  rotation  of  ethyl  tartrate  may  dilfor 
very  considerably,  and  that  on  this  fact  may  be  based  a  method  for 
determining  oonstitntion  or  for  measuring  the  velocity  of  intramole* 
oular  vsaetions  in  inactive  compounds.  We  are  continuing  our  investi* 
gation  of  the  subject  in  various  directions. 

Thb  Uniykrsitt, 
Glasoow. 


I 
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CIV.— Ckmtributtons  to  the  Chemistry  of  the  Amidines. 

'  Part  IL     Anilinohenzoxazole  and  the  Supposed 
A  nilodihydrobenzoocazole. 

By  Obobob  Tounq  and  Albbbt  Bbvcst  DimsTAir. 

As  the  existence  of  isomerides  differing  from  each  other  in  the  position 
of  a  hydrogen  atom,  which  in  other  similar  compounds  is  found  to  b© 
so  mobile  that  only  one  of  the  two,  or  only  a  mixture  of  the  two, 
possible  substances  can  be  obtained,  is  of  the  utmost  importance  for 
thetbeorj  of  the  phenomena  commonly  grouped  together  under  the 
name  of  tautomerion,  it  is  desirable  that  doubtful  easee  of  bimIi 
isomerism  should  be  carefully  re-investigated.  In  a  previous  paper, 
fn  eonjunetion  with  W.  H.  Oates  (Trans.,  1901,  79,  660),  one  of  us 
drew  attention  to  two  such  doubtful  cases  in  the  amidine  groups  and 
expressed  the  opinion  that  further  evidence  was  neoeesary  before  the 
oonstitntion  of  the  aubstanoes  oonoerned  oould  be  oonsiderad  aa  estab- 
lished. The  re-investigation  of  these  sabstanoes,  then  undertaken, 
has  been  unavoidably  delayed,  but  in  the  meantime  the  doabt 
expressed  as  to  the  isomerism  of  the  aminomethyl-opnaphthiminasol^ 
has  been  justified  by  O.  Fiseher,  who  recently  brought  forward 
evidenoe  pr.  Chm.,  1907,  [ii],  75,  88)  showing  that,  whilst  Mark^ 
feldt's  compound  (Ber.,  1898,  31,  1174)  has  the  stroeture 

the  supposed  isomeride  (Ifeldola  and  Eynon,  Trans.,  1900,  77, 1159) 
b>  probably  an  oxygenated  oompound  containing  the  grouping 

•NH-CMe^ 
•A— 

instead  of  the  amidine  grouping  *^j^^OMe^  the  oxygen  atom  having' 

been  mistaken  for  a  molecule  of  water  of  crystallisation.  In  this 
paper,  we  deal  now  with  the  other  case  to  which  attention  was 
drawn. 

Kalckhoff,  on  heating  1-mercaptobenzoxazole  with  aniline  at  the 
boiling  point  of  the  latter,  obtained  a  product,  melting  at  173°,  which 
be  considered  to  be  1 -anilinobenzoxazole  {Bw,^  1883, 16,  1825),  formed 
according  to  the  scheme : 

HaS  +  CjH,<^>C-NU-CeH^  (I). 
The  sune  substance  was  also  obtained  by  heating  S-hydrozyplieqyl- 
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thiocarbamide  with  aniline,  and  by  heatiDg  2-hydroxy-«-diphenyl- 
thiocarbamide  alone  or  with  mercuric  oxide. 

Some  years  later,  Cheluiicki  heated  1-keto-l  :  2-dihydrobenzoxazole 
with  aniline  in  a  sealed  tube  at  200 — 210^^,  and  obtained  a  small 
amount  of  white,  brittle  needles,  which  molted  and  decomposed  at 
about  230°  (/.  pr.  Chem.,  1890,  [ii],  42,  440).  Chelmicki  ascril)ed  to 
his  product  the  constitution  of  1-aniIo-l  :  2*dihydrobeuzozazole|  and 
ponsidered  it  to  be  formed  according  to  the  scheme : 


Kalckhoff's  and  Chelmicki's  substances  appear  therefore  as  a  pair 
of  isomeric  amidines  differing  in  the  position  of  an  iiT-hydrogen  atom, 
since  they  contain  the  groups : 

•N:C»NH*0«H5  and  •NH-OIN-CoHj 

reapeotivelj.  Thii  seemed  an  extremely  doobtfol  case  of  sadi 
iaomerism ;  both  sabsteoces  were  prepared  at  bigb  temperatuvesi  and 
purified  by  treatment  with  hot,  dilate  bydrocUorio  add  to  remove 
unehaoged  aniline  and  tbereafter  by  reorystalliiatioQ  from  bot 
alcohol,  proeeeiea  well  caleulated  to  effect  ieomevieation  of  one  or 
other  (rf  the  two  forme  if  the  iV-hydrogen  atom  ie  capable  of  intra- 
mdecolar  wandering.  On  the  other  band>  the  tautomeriem'of  the 
amidines  is  not  yet  settled  beyond  queetion,  and  it  is  still  possible  that 
two  snch  isomerides  may  be  both  stable.  The  results  described  in 
this  paper  show  that  the  particular  case  under  discussion  is  not  one  of 
isomerism. 

We  can  confirm  in  all  respects  the  statements  of  Kalckhoff  as  to  the 
nature  of  the  product  obtained  on  heating  l-mercaptobenzozazole  with 
aniline.  It  has  feeble  basic  properties,  and  on  analysis  gives  figures 
agreeing  with  those  required  by  a  substance  of  the  formula  C^jHjqONj. 
We  have  prepared  from  it  an  acetyl  derivative  which  on  hydrolysis 
is  converted  again  into  the  anilino-com pound,  or,  depending  on  the 
conditions,  gives  aniline  and  1-keto-l  :  2-dihydr()benzoxftzo!e.  These 
properties  of  the  substance  and  the  methods  employed  for  its  pre- 
paration do  not  suflSce  to  distinguish  between  a  compound  having  the 
formula  (I),  as  given  by  Kalckhoff,  and  one  of  the  formula  (II), 
ascribed  by  Chelmicki  to  his  product.  It  was  shown  by  one  of  us,  in 
oonjmaetion  with  &  L  Grookes  (Trans.,  1908,  89,  69),  that  2-anilino. 

CMe-Nv. 

methylthiazole  has  the  constitution        ^>C*NH*C^Hft,and  not  the 

isomeric  form  ^^^^^^^OIN'C^H^.  The  analogy  of  this  substance 
to  aailinobensoamsole  makes  it  pvobable  that  the  latter  has  the 
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florrasponding  ooastitution  containtng  the  grouping   n  ^^^0*NHPb» 

and  we  therefore  incline  to  Kalckhoff's  formula  for  his  product. 

Whilst  we  confirm  the  results  of  Kalckhoff,  our  study  of  the 
interaction  of  aniline  and  1-keto-l  :  2-dihydrobonzoxazole  has  led  to  a 
conclusion  entirely  different  from  that  put  forward  by  Chcimicki,  We 
found  that,  as  stated  by  that  author,  the  substances  interact  at 
200 — 210°  forming  a  product  which,  after  removal  of  unchanged 
aniline,  crystallises  from  alcohol  in  needles,  melting  at  about  230^. 
The  figures  obtained  on  analysis,  however,  did  not  agree  with  those 
required  by  a  substance  of  the  formula  CigHj^ONj  (0-74*2  ;  H  ==4  8  ; 
N-13-3  per  cent.),  but  approximated  closely  to  those  required  by  the 
formula  C„U„ON,  {0-73-6;  H  =  5  7;  N  =  13'2  per  cent.).  It  is 
evident  that  a  nitrogen  estimation  (the  only  analysis  quoted  by 
Ohelmioki)  could  not  distinguish  between  these  two  formuhe^  but  tiiat 
a  oarbon-bydrogen  estimation  should  be  decisive. 

The  formula  C|,H|,02^2  is  that  of  s-diphenylosrbamide.  This 
might  be  formed  by  the  interaction  of  aniline  and  l-keto-l :  2-dihydro* 
bensozasole  in  two  waySi  the  first  stage  of  the  two  reactions  being  the 
same: 

I.  C5H^<2[^CO  +  NHj  O^H.-OH-O^H^-NH  CO-NH-OeH,. 

11a.  2  0H-CaH^-Nll-C0-NHPh  =  0H-C4H^-NH-C0-NH-CeH,-0H  + 

C,H--NH-CO-NH-CgHy 

m.  OH-OeH^'NH-OO-KH-OeH^-OH+KHj'C^H,  =  OH  C^H.-NHj  + 

0«H5*NH-00«IiH-C«HK. 

^  The  suspicion  that  in  these  equations  lay  the  explanation  of 
Chelmicki's  reliction  wjis  confirmed,  as  a  mixture  of  the  product,  m.  p. 
230^,  with  an  e(jual  amount  of  pure  a diphenylcarbaraide,  ra.  p.  236°, 
melted  at  about  234 — 235*^.  Moreover,  we  found  later  that  repeated 
recrystal ligation  of  the  product  from  alcohol  gradually  removes  a 
small  amount  of  a  reddish-white  impurity,  the  melting  point  of  the 
subbtance  rising  slowly  to  235 — 236°  It  is  evident  then  that 
Chelmicki's  supposed  1-anilo-l  :  2-dihydrobenzoxazole  was  nothing 
more  or  less  than  tf-diphenylcarbamido,  containing  probably  traces  of 
some  ^decomposition  product  of  s-dihydrozydiphenylcarbamide  formed 
according  to  scheme  Ila,  and  hence  this  case  of  the  8upix>sed  isolation 
of  isomeric  amidinea  differing  in  the  position  of  the  ^•hydrogen  atom 
must  be  deleted  from  the  record  as  founded  on  a  nusoono^ion  aa  to 
the  nature  of  one  of  the  so>oalled  isomerides. 

If  Chelmicki's  product  was  S'diphenylcarbainide,  it  is  difficult  to 
understand  his  statement  that  on  hydrolysis  with  oonoentiated  bydio- 
ehlorie  add  it  yields  o-aminophenoL  It  might  be  urged  that  the  original 
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product  of  the  reaction  is  In  reality  anilodihydrobentozasole,  and  that 
during  our  process  of  purification  this  underwent  a  changd  oonsisting 

in  the  first  place  of  hydrolysis  to  o-hydroxy-«-diphenylcarbamide, 
OH-CgK^'NH'CO'NH'Cflllj,  and  in  the  second  of  the  reaction  Ila. 
But  it  seems  scarcely  probable  that  the  five-atom  ring  of  anilodihydro- 
benzoxazole  would  undergo  resolution  much,  if  any,  more  readily  than 
the  condensation  ring  of  Kalckhoff's  aDilioobenzoxazole,and  this  remains 
unchanged  when  the  substance  is  boiled  with  aqueous  or  absolute 
alcohol  or  with  dilute  or  concentrated  hydrochloric  acid.  ^loreover, 
the  purification  which  takes  place  with  so  much  difiiculty  by 
Cbelmicki's  method  is  readily  effected  by  washiog  the  product  with 
benzene. 

We  have  obtained  also  «-di-/>-tolylcarbamide  by  heating  1-keto-1 : 2- 
dihydrobenzoxazole  with  />-toluidine. 

On  treating  his  product  with  calcium  hypochlorite  in  acetic  acid 
aolntion,  Chelmicki  obtained  a  chlorinated  substance,  melting  at  276^9 
to  which  he  ascribed  the  formula  CjjHgONjCl^.  No  details  are  given 
of  how  this  reaction  was  carried  out,  and  we  have  been  unable  to 
obtain  a  product  having  the  melting  point  quoted  by  Ohelmicki,  but 
we .  have  found  that^  under  varying  conditions,  the  reaction  leads 
to  the  formation  of  mixtures  of  monochloro-,  dichloro-,  and  trichloro-s- 
dipheoylcarbamide.  Of  these^  we  have  isolated  only  the  trtchloro- 
derivativci  which  melts  at  262°.  For  purposes  of  comparison  we  have 
compared  di-p-chloro-t-diphenylcarhamide  by  heating  /7-chlorophenyl- 
carbamide  with  jHshloroaniline^  and  have  found  it  to  melt  at  289^ 
As  di-j9Hshloro^iphenylcarbamide  forms  the  triflhloro^iphenylcarb- 
amide^  m.  p.  262°,  when  treated  with  calcium  hypochlorite  in  acetic 
add  solution,  the  latter  is  probably  the  2:4: 4'-trichloro-compound. 
Cbelmicki's  chlorinated  product  waa  probably  a  mixture  of  the 
dichloro-«*dipheuylcarbamide  with  smaller  amounts  of  the  other  chlorO' 
derivatives. 

Experimental. 
I'AcetylanUinobenzoxazoU,  C6H^<^>C-NPhAo. 

This  substance  was  prepared  by  boiling  l-anilinobensozasole,  m.  p. 
173^,  with  acetio  anhydride  In  a  reflux  apparatus.  It  crystallises 
from  a  mixture  of  beuene  and  light  petroleum  in  sheaves  of  white 

needles,  which  melt  at  91° : 

01986  gave  0-5188  CO2  and  0-9894  H^O.    C  =  71-2j  H  =  5  00. 
Cj^HjjOjNj  requires  C="71*4  ;  H  =  4*76  per  cent. 

A  mixture  of  this  acetyl  derivative  with  the  acetyl  derivative  of 
1-keto-l :  2-dihydrobenzoxazole,  which  melts  at  95°  (Bender,  B^r^p 
1886,  19,  2269),  melted  at  about  70°. 
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Wlien  MM  with  dilate  hydroeUorio  aoid,  l-ftoebylaiiiliDobeiiiosaMto 
is  hydrolysed,  focmiiig  l->nilinolwiiomwole,  but  if  hMted  with  ooaoeii*- 
tnUiad  hydrodilorio  add  uid  evaponted  to  dryiiMS  on  tha  wftter-batli 
it  jieldfl  aoiliiie  and  l-keto-l :  2«dihydrolMiisozaioIe,  mtHting  al 
138—139".  The  identitj  of  the  aailinohanamaaole  and  of  the  keto- 
dihydrobenzoxasole  with  specimens  of  theee  eabstances  prepared  by 
the  Bynthetical  reactions  was  established  by  the  method  of  mixed 
melting  points ;  the  aniline  was  recognised  by  the  bleaching -powder 
test. 

Sandmeyer,  who  prepared  this  substance  by  fusing  o-aminophenol 
with  oarbamide^  found  it  to  melt  at  137—138'  (Ber.,  1866,  19,  2656), 
whilst  somewhat  Uter  {J.pr.  Chtm.,  1890,  [ii],  41,  387),  Leuckart 
reoorded  the  melting  point  as  141—142".  Seidd  (J.  pr.  Ckun,t  1990, 
[ii],  42,  446)  obserred  that  the  sabstanoe  separatee  from  water  in 
glistening  erystals,  whieh  on  expoeore  to  air  become  dnll,  changing 
into  small  needles,  and  considered  that  thia  behafioor  pointed  to 

the  transient  existence  of  a  mobile,  lactim  form,  C^H^'Ovi^C'OU. 

We  have  found,  however,  that  this  diaage  in  the  appearance  of  the 
cryetak  is  merdy  the  aecompaniment  of  a  loos  of  water  of  crystal' 
lisatiofi.  We  prepared  the  snbstance  by  Sandmeyer'e  method,  aad» 
after  repeated  recrystaUisation  of  the  product  from  boiling  water  la 
presence  of  animal  charcoal,  and  finally  from  very  dilate  hydroddorie 
add,  obtained  it  in  glistening,  white,  fiat  needles  or  platee.  These 
melt  at  97 — 98",  and  when  more  highly  heated  rapidly  loee  a  molecule 
of  water,  the  substance  solidifying  and  again  melting  at  about  137^. 
The  crystals  lose  the  water  of  crystallisation  also  when  dried  over 
sulphuric  acid  iu  a  vacuum,  or  more  slowly  and^lcb^  completely  when 
exposed  to  air : 

0-2654,  dried  at  100—105°  lost  0  0332.    H,0-  12-5. 
0*2116,  dried  over  sulphuric  acid,  lost  0  0244.   H,0«  11*6. 
G,H^^,H,0  requires  H«0- 11*8  per  cent. 

The  high  value  for  the  water  of  crystallisation  as  determined  at 
100 — 105°  resulted  probably  from  loss  of  substance  by  volatilisation, 
as  anhydrous  ketodihydrobonzoxazole  on  prolonged  heating  at  about 
120°  sublimed  iu  delicate,  white  needles,  in  which  form  it  is  obtained 
also  on  recrystaUisation  from  dry  benzene.  The  anhydrous  substance 
melts  at  137 — 138°.  It  does  not  show  any  tendency  to  absorb  water 
on  exposure  to  moist  air,  but  on  recrystaUisation  from  dilute  hydro* 
chloric  add  yidds  the  hydrated  crystals,  mdUng  at  97 — 99f*i 
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0*3410  gaye  21*0  ce.  nitrogen  at  W  and  766  mm.  N  « 10*5« 
OiHfifi  reqnins  N»10-4  par  ooni. 
^  AnbydroiiB  katodUiTdrobmoxaxole  xemainfl  unehangad  wlim  lieaM 
iii  boiling  nitooboisena. 

Action  of  Aniline  on  l-Ksto-l  :  2-dihydrohenzoxazole. 

9 

The  product  of  the  action  of  aniline  on  1-keto-l  :  2-dihydrobeDzoza£oie 
at  200 — 210°  in  a  sealed  tube  was  obtained  by  Chelmicki  in  only  vary 
small  yields.  Wa  have  found  that  it  can  be  imlated  in  a  10  per  cent. 
yield>  calcnktad  for  the  formation  of  ^dipbenykarbamide  aooordlng  to 
aqnations  I  and  Xla  as  given  in  the  introduotioni  if  the  anhydrona 
o^^mpovnd  la  introdnoed  into  a  dry  tobe,  an  exoese  of  axdlina 
distilled. direoily  into  the  tubey  and  preeantions  taken  against  the 
antranee  of  moisture  daring  the  prooess  of  sealing.  The  product,  after 
being  treated  repeatedly  with  hot  dilute  hydroehlorie  add,  as  directed 
by  Chslmioki,  and  crystallised  once  from  alDohol,  formed  small,  slightly 
dark  needles,  which  melted  at  about  230^  and  gave  the  following 
figarea  on  analysts : 

0  0799  gave  0  2152  CO,  and  0*0425  H.,0.    C  =  73  5  ;  H«5-91. 
COlNH-CgHg),  requires  0  «  73  6  ;  H  «  5  66  per  cent. 

C«H4<!^^>0:N«0A  requires  0-74-2 ;  H-4-76  per  cent. 

After  repeated  recrystallieation  from  hot  alcohol,  as  also  after 
treatmeot  of  the  crude  substance  with  benzene,  followed  by  recrystal- 
lisation  from  alcohol,  the  product  crystallised  in  small,  white,  brittle 
needles,  or  from  hot  glacial  acetic  acid  in  long  needles,  melting  at 
235 — 236°.  The  melting  point  was  not  altered  by  admixture  of 
s-diphenylcarbamide  prepared  from  pbenylcarbamide  and  aniline. 

Action  o/  Bleaching  Powder  on  t'Diphenylcarbamide, 

Tric/UorO'&'diphen7jlcarbamide,  C^jHsCla-NH-CO-NH-CjH^Ci. 

This  substance  is  obtained  when  fl-diphenyloarbamide  is  dissolved 
in  hot  glacial  acetic  acid,  and  the  solution  poured  into  a  solution  of 
calcium  hypochlorite  in  dilute  acetic  add*  The  product  separates  as 
a  voluminous,  ioeoulent  pieeipitate,  which,  on  ctyskallisation  from 
ethyl  acetate,  lovms  tufts  of  small,  white  needles,  melting  when  heated 
in  «  sealed  capillary  tube  at  2W.  If  rapdly  heated  in  an  <qpeB 
capillary  tube,  the  substance  volatilises  without  melting : 

0*0708  gave  0  0961  AgCl.   01 »  33-6. 

•       C^HjONgCl,  requires  CI  =  33*7  per  cent. 
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y-Chloroplienylcarhamide  wm  prepared  hy  ftddiDg  a'  loliition  of 
potainnm  cyiaate  to  j>-elilorouii1iiie  dieeolved  in  dilute  acetie  add. 
It  eryatalllees  from  water  in  elnaten  of  white  needlee»  whiek  melt  at 
212^»  deoompoeing  with  formation  of  the  f^ettbetitnted  oarhamide. 
The  melting  point  variee  to  some  oxteot  with  the  rate  of  heating 
(compare  Young  and  Clark,  Trans.,  1897,  71, 1800): 

0-1956  gave  0  1 624  AgCl.  Cl-20-5. 

OyHyONCi  requiree  CI -20*8  per  oent. 

jv-Chlorophenylcarhamldo  is  eoloble  in  ether  and  in  ooikoentrated 
adds,  from  which  it  is  reprecipitaied  on  dilation  with  water.  When 
heated  alone  above  its  melting  point,  or  when  boiled  with  /^cbloro- 
aniline,  it  forms  di-/>-chloro-«-d!phenylcarbamide, 

This  crystal liseis  from  ethyl  acetate  in  small,  white  needles,  which  melt 
at  289"^  wlien  heated  in  a  sealed  capillary  tube.  Beilstein  and 
Kurbatoff,  who  prepared  di-/>-chloro-«-diphenylcarbamide  by  the 
action  of  iodine  on  di-/)-chloro-s-diphenylthiocarbamide  (Annalen,  1875, 
176,  51),  stated  that  their  preparation  partly  decomposed  and 
volatilised  at  270°.  We  have  observed  that,  if  lieated  in  an  open 
capillary  tube,  the  dichloro-derivative  commencos  to  volatilise,  and 
then  partly  melts  at  temperatures  between  270°  and  2S9°,  depending 
on  the  rate  of  heating: 

01638  gave  01636  AgCl.   CI  -  24*7. 

C^H^oONjCl,  requires  C1»2S*2  per  oent. 

This  substance  was  prepared  by  boiling  |>-tol7lcarb«mide  with 
j^-toluidine,  and  also  by  heating  l*keto-l :  2^ih7drobenaoxaiole  with 
p-toluidine  in  a  sealed  tabe  at  260^.  After  being  washed  with  dilate 
hydroohlorio  add,  the  prodootswere  erystallised  from  hot  aleohoL 
Both  specimens  formed  white  crystals,  whieh  melted  separately  or 
when  mixed  together  at  265^  The  melting  point  of  e^-ii-tolylcaib- 
amide  has  been  given  by  Maly  as  263^  (/oArei&flr.,  1869,  338)»  and 
by  Miohler  (Ber,,  1878,  9,  710)  and  by  Weith  {Und,,  821)  as  256<'. 

The  following  figures  were  obtained  on  analysis  of  a  ^eoimen  of 
•-di-/^tolylcarbamide  prepared  from  ketodihydrobenaoiasole : 

0*1530  gave  151  c.c  of  nitrogen  at  17°  and  781  mm.   H « 11*6. 
Ci^HjfON,  requires  K  ■>  1 1*7  per  cent. 
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CV, — The  Relation  between  DielectHc  Constant  and 
Chemcdl  OomtUution.  Pwrt  L  Stereaisameric 
Compounds. 

Bj  ALnun>  WAUin  Stewabs  (Ctoifigio  Bemroh  Fellow). 

Thb  many  interesting  results  obtained  from  the  study  of  the  refractive 
indices  of  organic  compounds  have  led  several  investigators  to  hope 
that  an  examination  of  the  dielectric  constants  would  prove  even  more 
valuable,  and  the  number  of  workers  in  this  field  has  been  considerable. 
A  fairly  complete  bibliography  of  the  subject  has  been  compiled  by 
Mathews  {J.  Physical  Chem.,  1905,  9,  667). 

When  the  actual  experimental  data  at  our  disposal  are  ezamiBod, 
however,  the  comparable  results  are  not  reaUy  eo  namenme  as  they 
appear  at  first  sight  to  be.  In  the  first  place,  various  workers  on  the 
physical  side  have  utilised  impure  materials,  stieh  as  sealing  wax, 
bone-oil,  and  oil  of  turpentine ;  and  even  when  pure  mafeeriala  were 
employed  many  of  the  resolta  are  useless  for  oompariaon  purposes. 
For  eoample,  sinoe  the  pressnoe  of  absorption  bands  in  the  eleetrio 
specUum  of  a  oompoond  oavses  anomaliee  in  the  ^oeof  the  dieleotcio 
oonslant  of  the  sabstaaoe  for  certain  wave-lengths,  it  follows  that  all 
strongly  absorbent  sabstanoes  are  of  little  value  from  the  point  of 
view  of  the  relation  between  dielectrio  constant  and  chemical  constita* 
tion.  This  at  once  ezdudss  all  the  hydroxylio  oompounds,  for,  as 
Drode  has  shown,  they  possess  a  strong  Absorptive  power. 

For  the  purpose  of  oomparison,  therefore,  we  are  restricted  to  non- 
hydrozylic  and  other  non-absorbent  oompounds,  and  of  such  substances 
not  very  many  complete  homologous  series  have  been  investigated.  In 
the  present  series  of  papers,  it  is  proposed  to  examine  the  dielectric 
constants  of  homologous  series  of  aliphatic  esters?,  acid  anhydrides,  acid 
chlorides  and  bromides,  esters  of  chloro-  and  bromo>acids,  and  some 
halogen  derivatives,  and  from  this  material  to  endeavour  to  discover 
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some  relation  between  the  oonsiitatioQ  of  a  compoand  and  its  electric 

refractive  index. 

Before  entering  on  the  examination  of  these  compounds,  however,  it 
aeemed  advisable  to  tind  how  far  the  dielectric  constants  of  substances 
ooold  be  influenced  by  a  change  in  configuration,  as,  if  this  exerciaed 
any  influence,  its  effect  might  have  to  be  taken  into  aoooimt  in  Bome 
of  the  later  papers  With  this  object  in  vww,  varioas  aetiTe  and 
racemic  bodies  were  examined,  but,  as  far  as  can  be  8Mn>  no  nmrked 
difference  in  dieleotrio  constent  oonld  be  found. 

The  apperatos  need  waa  that  described  by  Brade  {Mttek,  pk^f9iknl, 
Chm,9 1897, 23,  382;  1902, 40,  630),  and  was  made  by  W.  Sohmidt, 
of  Oiesseii.  The  only  modifioation  introdaoed  waa  that,  instead  of 
soldering  the  copper  wires  into  the  brass  tubes  as  deseribed  by  Drade^ 
they  were  held  in  place  by  two  binding  screws.  This  modification  is 
Qsefol,  as  it  enables  the  lero  of  the  appsmtns  to  be  set  at  any  point 
on  the  sesle.  The  ezdter  when  in  the  paraffin  bath  yidds  waves  of 
sixty-three  centimetres  length.  The  yacuum  tube  used  was  one 
containing  a  mixture  of  neon  and  mercury  vapour,  which  was  kindly 
lent  to  me  by  Professor  Collie.  I  had  previously  used  a  carbon 
dioxide  tube  furnished  by  the  Marconi  Company,  but  the  results 
obtained  with  it  were,  of  courae,  in  no  way  comparable  to  those  given 
by  the  neon.  The  coil  employed  was  an  Apps-Newton  commercial 
one,  giving  a  four-inch  spark.  It  was  usually  run  with  a  six- volt 
current.  The  condenser  was  one  of  the  plate  form  described  by  Drude. 

All  substance.s  were  carefully  purified  before  l^eing  examined.  The 
condenser  was  in  each  ^ase  filled  to  the  mark  with  a  substance,  and 
allowed  to  stand  until  it  had  reached  the  temperature  of  iixe  room.  In 
all  cases  given  in  the  present  paper,  this  temperature  was  2QP»  At 
least  ten  readings  were  taken,  and  when  these  differed  by  move  than 
half  a  millimetre,  ten  more  observations  were  made.  In  cases  of 
doabt^  the  condenser  was  refilled  several  times  and  the  observations 
compaied.  The  aero  was  taken  by  filling  the  condenssr  itself  with 
meieiary,  not  by  patting  in  a  oopper  wire  instead  of  the  oondenssc* 

The  following  are  the  results  obtained : 

Ethyl  tartraU  •   4 '60 

Ethyl  neeniAte  *    4*00 

The  active  form  showed  a  mucli  stronger  absorption  than  the 

•racemic  isomeride.    This  seems  to  point  to  the  hydroxy  1  groups  being 

in  some  way  involved  in  the  formation  of  the  racemic  compound : 

t. 

({.Umonene    2*M 

DipaDteiM    8*80 

*  For  these  substances,  I  am  indebted  to  Miss  £.  C.  Payne  sad  Mx.  W.  &,  G.  Bje^ 
.who  kindly  prepared  very  pure  specimens  for  m«. 
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There  is  a  slight  difference  between  these  two  substances,  but  it  is 
hardly  sufficient  to  prove  much.  Taken  in  conjunction  with  the  other 
results,  it  does  not  sudice  to  estabiitth  a  difference  between  the  active 
and  racemic  forms : 

f. 

<2-PiQ«iie   2*60  T 

•     Z-Pinene  ♦   270 

i-Piueue   276 

"TIm  readiDgs  obtoioed  for  e^pinene  were  not  very  sharp ;  /-pinene 
and  i-pinene  have  practioally  the  same  value.  The  inactive  substance 
was  prepared  by  mixing  equal  qoantitieB  of  the  active  isomevidee : 


tf-Camphene    275 

^Campheue   276 

i*Chmph«ie    275 


All  three  forms  were  examined  in  the  solid  state.  To  ensure  accuracy, 
each  was  melted  and  allowed  to  solidify  again  in  an  interval  between 
two  sets  of  readings. 

With  these  results  should  be  compared  those  of  Drude  (Zeitsch. 
phyaikal.  Chem.,  1897,  23,  310)  and  Walden  (ibid,,  ld03,  46,  176)  in 
the  cases  of  i-  and  ^-malic  esters : 

«• 

Mfdio  Mter   9*8  (Walden,  20°) 

t-UalioMUr   10*0  (Dnido^  18*) 

The  difference  between  these  results  might  quite  well  be  dne  to  the 
difference  between  the  temperatures  at  which  the  observations  were 

made. 

Finally,  the  d-  uud  Z-forms  of  cocaine  were  eiamiued.  Thebe,  of 
course,  are  not  optical  antipodes  : 

f?- Cocaine    3*05 

iCocaine   310 

Both  sabstances  were  examined  in  the  solid  state  with  the  same 
precautions  as  in  the  case  of  the  camphenes. 

From  these  results,  it  follows  that  the  special  arrangement  of  atoms 
has  no  marked  influence  on  the  dielectric  constant  of  sabstances. 
Any  difference  between  the  isomeric  forms  is  to  be  found  in  a 
comparison  of  their  absorption  powers,  but  even  this  was  noticed  only 
in  the  case  of  the  tartrates. 

In  oonduflion,  the  author  wishes  to  express  his  thanks  to  Professor 
Ck>llie^  Professor  Inglis,  and  Assistant-Professor  Smiles  for  the  interest 
they  have  taken  in  the  work,  and  to  the  Ohemical  Society  for  a  grant 
towards  the  cost  of  this  series  of  researches* 

Tea  OaoAiao  Chemistbt  Laboratoat, 
VMivxBsrrT  Oouiea, 
LoimoK. 
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CVl. — An  Apparatus  for   Determining  the  Specific 
Inductive  Capacity  of  Organic  Liquids. 

By  AhkUMi  VVALTi-ii  Stewart  (Carnegie  Research  Fellow). 

About  ten  yean  ago,  Dnide  {ZeU§ch,  phptikal.  Chcm.y  1897,  28, 
267)  described  a  method  lor  neasuring  the  spedfio  inductive  capa- 
ciiiee  of  organic  subatanoea  a&d  of  aolations  by  maaaa  of  Hertiiaa 
waveB.  In  one  form,  bis  apparatna  cimiaigtad  of  an  escitar  (pro- 
ducing the  elootiio  vibrations  by  means  of  a  spark-gap  under  paferol> 
oum),  a  secondary  wire  circuit,  with  one  fixed  bridge  near  tlia 
ezciter,  and  a  movable  one  further  off,  a  lugh  ▼acnnm  tube  to 
indicate  nodes  or  loopa  in  tbe  ▼ibrations,  and  a  trough  containing 
the  liquid  the  dielectric  constant  of  whidi  it  was  desired  to  obtain. 
Behind  the  fixed  bridge,  the  wira  circuit  pawed  through  the 
trough,  and  the  wave^lengtha  of  the  Hertaian  warn  urere  meaaured 
in  air  and  in  the  liquid  simply  by  moving  the  bridge  up  and 
down  in  the  trough  (thua  lengthening  or  shortening  the  circuit) 
and  noting  the  effect  on  the  vacuum  tube  which  is  laid  across  the 
wires  of  the  secondaiy  circuit  outside  the  trough. 

The  three  chief  defects  of  this  method  are:  (1)  the  large  quan- 
tity of  liquid  which  it  requires,  namely,  250 — ^760  cc;  (2)  the  impoe- 
sibility  of  keeping  the  apparatus  at  a  given  temperature  without 
introducing  an  element  of  dumsinees  into  it;  and  (3)  the  imperfect 
contact  between  the  movable  bridge  and  the  wires  of  the  secondary 
circuit,  which  leads  to  slight  sparking  and  hence  to  uneven  lighting 
of  the  vacuum  tube.  With  a  view  to  eliminating  these  defects,  Liic 
following  apparatus  was  dcvisud. 

The  trough  ol  the  Di  ude  apparatus  is  replaced  by  a  jacketed 
tube,  AAA  (jacket  omitted  in  figure  for  sake  of  clearness),  gradu- 
ated in  millimetres.  This  is  placed  vertically,  and  closed  at  both 
ends  by  rubber  corks,  BB^,  through  which  pass  thin  wires  of  iron 
or  nickel,  CC,  kept  taut  and  placed  parallel  to  each  other  about 
1  cm.  apart.  Just  above  the  cork,  at  the  dotted  line  in  the  ligure, 
these  wires  are  bent  at  right  angles  and  inserted  into  two  20  cm. 
tubes  of  nickel  or  German  silver,  SS,  in  which  they  are  retained 
by  the  binding-screws,  RR.  The  other  ends  of  the  tubes  Sii  are 
attached  to  the  circular  part  of  the  secondary  circuit  which  sur- 
rounds the  exciter,  E,  as  shown  in  the  figure.  The  bridge,  Z),  and 
the  vacuum  tube,  are  placed  across  the  circiiit  aa  ahown  in 
the  ligure. 

At  the  bottom  of  the  graduated  tube,  AAA,  a  side  tube, 
leads  to  the  mercury  reservoir^  U,   This  tube  should  be  aa  wide 
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as  poMible  in  order  to  avoid  lag  in  the  mercury  leyelling.  Tlie 
mercury  reservoir  is  luniished  with  a  coarse  and  a  fine  adjustment 
for  levelling  it.  /  is  a  pulley  through  which  a  cord  paves.  At  K 
thia  cord  is  attached  to  a  fine  raek  and  pinion  adjustment,  whibt 
the  end,  L,  lies  in  a  clamp.  To  adjnat  the  mercury  levels  the  end 
L  is  nncUunped,  and  the  mereory  reeervoir  moved  up  and  down 
until  the  approximate  level  is  reached;  L  is  then  damped,  and 
the  fine  adjustment  made  from  K.  By  this  means,  maxima  or 
minima  in  the  glow  of  the  vacnnm 
tnbe  can  be  sharply  and  easily  read 
off* 

The  introduction  of  the  liquid  to 
be  measnred  is  provided  for  in  the 
upper  part  of  the  appalratus.  Jf  is  a 
side  tube  oonneeting  the  graduated 
tnbe  with  the  bulb,  O.  Jl^  is  a  two- 
way  tap,  and  P  an  ordinary  tap.  The 
mercury  is  run  up  into  the  neck  of 
the  bulb,  0,  into  which  the  liquid  is 
then  poured;  and  by  sinking  the 
mercury  level,  the  liquid  can  be  car- 
ried down  into  the  graduated  tube. 
The  two-way  tap,  N,  may  serve  to 
introduce  gases  as  well  as  liquids  into 
the  apparatus. 

Before  use,  the  apparatus  must  be 
calibrated  by  the  aid  of  the  mixtures 
of  known  specific  inductive  capacity 
given  by  Drude  (Zeitsrh.  phy^il-nl. 
Chem.y  1897,  23,  288),  and  a  curve 
must  be  drawn  showing  the  relation 
between  scale  reading  and  dielectric 
constant.  In  practice,  it  is  well  to 
bring  the  aero  of  the  apparatus  always 
to  the  same  point;  or,  in  other  words, 
to  run  the  mercury  up  to  the  oork, 
Bt  and  then  so  adjust  CO  by  means 
of  the  binding-screws,  that  the  tube,  F,  is  glowing  most 

brightly.  This  indicates  that  the  first  node  of  the  Hertsian 
waves  is  just  inside  the  cork,  where  the  graduation  of  the 
tube  begins. 

With  regard  to  the  else  of  the  graduated  tube^  in  the  autluir'i 
eacperimimtal  apparatus  this  was  made  3  cm.  in  diameter  and 
90  em.  long,  but  this  Is  much  lai|[er  than  is  actually  necessaiy. 
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The  length  of  the  tube  need  not  be  greater  than  half  the  wave- 
]on£:»th  in  air  of  the  vibrations  employed;  in  most  cases  a  length  of 
30  cm.  sliould  suffice.  Where  compactness  is  no  object,  however, 
longer  tubes  may  be  erriployed,  as  then  two  sets  of  readines  can  be 
taken  in  the  same  tube.  Even  with  a  30  era.  tube,  this  is  possible 
if  the  liquid  which  is  being  measured  has  a  high  specific  inductive 
capacity.  The  diameter  of  the  tube  also  may  be  reduced  if  neces- 
moff  80  that  it  would  be  possible  to  reduce  the  amount  of  liquid 
required  for  a  measurement  to  70  or  80  cc,  in  the  caie  of  «  low 
dielectric  constant,  or  even  len  in  the  case  of  a  high  one.  The 
bulbs,  H  and  0,  of  course,  must  be  able  to  contain  a  volume  rather 
greater  than  the  capacity  of  the  graduated  tube.  Before  use,  the 
apparatus  should  be  rinsed  with  liquid  to  be  used,  and  after  nee  it 
can  be  washed  out  with  alcohol  and  ether  in  the  usual  way. 

The  adyantagee  of  this  method  oyer  the  trough  method  are 
obyious.  The  jacketed  tube  allows  exact  regulation  of  the  tem- 
perature (which  ezerta  considerable  influence) ;  the  snbstitotioii  ol 
a  mercury  for  a  wire  bridge  ensures  much  better  contact^  whilst 
the  amount  of  liquid  necessary  is  less  than  25  per  cent,  of  that  need 
in  the  trough  method.  By  adapting  a  pomp  to  the  t9ip,  Nf  the 
effect  of  reduced  pressure  could  easily  be  studied. 

Tm  Oroanig  Chbmistky  Laboratory, 

UmVBBSITT  COLLBOE,  LONDON. 


CVII. — Titani-dihydroxymaleic  Acid,  atid  the  Detection 

of  Titanium. 

By  HsNBT  John  Hobstmah  Fbhton. 

M  any  of  the  properties  of  dihydroxymaleic  acid  and  of  dihydroxy- 
tai  tarir  acid  have  already  been  described  in  previous  communications 
to  th»>  Society.  Thf>  Rtudy  of  the^e  romarkable  acids  is  still  being 
continued,  and  in  tlm  present  paper  an  account  is  given  of  some  recent 
observations  made  while  investigating  the  metallic  salts  of  dihydroxy- 
maleic acid. 

When  a  warm,  not  too  dilute,  aqueous  solution  of  a  quadrivalent 
titanium  compound  IS  mixed,  in  almost  any  proportion,  with  a  solution 
of  dihydrozymaleic  add,  a  bulky,  chooolate-oolonred  precipitate  ia 
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prodnoed  whicb,  in  appearanoe  and  charaeter,  oloielj  resembles  eiiprie 
£em<7aiiide.  If  tbe  solutions  are  more  dilate  and  are  mixed  in  the 
eold,  no  precipitation  takes  place,  bat  an  intense  orange-red  colour  is 
prodaeed.  This  solution  appears  to  he  of  a  colloidal  nature,  being 
precipitated  by  boiling  or  by  the  addition  of  salt  solvUons. 

The  precipitate,  on  drying,  shrinks  enormously  in  volume,  and  is 
left  in  the  form  of  extremely  hard  grains ;  these  appear  quite  black, 
but  yield  a  dark  red  powder  when  crushed.  For  the  purpose  of 
analysis,  the  following  procedure  was  adopted. 

Hydrated  titanium  dioxide  was  dissolved  in  concentrated  sulphuric 
acid,  diluted,  filtered,  and  mixed  while  hot  with  an  aqueous  solution  of 
dihydroxymaleic  acid.  The  resulting  precipitate  was  washed  three  or 
four  times  with  hot  water,  and  dried  in  a  vacuum  desiccator  for 
twenty-four  hours :  •* 

'     L  01732  gave  0  0863  CO.^  and  0*0386  H,0.  0 « 13-43 ;  H»  2*47. 
11.  0-6196  on  ignition  gave  0*2307  TiO^   TiO, »  44*39. 
lU.  0-4219      „  01918  TiOy  TiO,- 45-46. 

04H40^,,2Ti02,2^  H^OrequiresO  - 13*69 ;  H  -  2*64;  TiO^  =»  46*32peroent. 

The  composition  of  the  precipitate  corresponds  therefore  with  that 
of  a  basic  salt,  and  resembles  in  this  respect  most  other  compounds  oi 
titanium  with  oxygen  acids. 

Berg,  for  example  {ZtUioh,  anorg.  Chem.y  1897,  15,  328),  by  the 
action  of  malic  acid  on  a  neutral  solution  of  titanium  tetrachloride 
obtained  a  crystalline  compound  having  tho  oompomtion 

C,H505,2TiOj,6H20. 

Boeenheim  and  Schtttte  {ibid,^  1900,  S^6,  239)  describe  the  prepara- 
tion, amongst  others,  of  the  oxalate^  CJELfi^'Xl^O^iW'Bfi^  and  the 
tartrate^  Cfifi^<t%'^O^^VLfi,  They  regard  these  compounds  as  having 
the  constitution : 

(TiO)00,-CH,*CH(OH)*CO,(TiO).7H,0  QO,(TiO) 

,  (TiO)CO,-CH(OH)-CH(OH)-CO,(.TiO),7HjO 
L  o  

Henderson,  Orr,  and  Whitehead  (Trans.,  1899,  75,  542),  by  dissolv- 
ing hydrated  titanium  dioxide  in  a  boiling  solution  of  potassium 
hydrogen  tartrate,  obtained  a  white,  crystalline  salt  having  the  com- 
position (TiO)(C^H.^O^)2,4JHjO.  The  sodium  and  ammonium  salts 
were  prepared  similarly.  The  authors  consider  it  probable  that,  as  in 
tartar  emetic,  replacement  by  the  (TiO)  group  occurs  in  one  or  more 
of  thejslcoholio  hydroxyl  groups.   Eosenheim  and  Sohiitte  state  that 
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tiwjr  v«ve  niMkble  to  obtoin  aayoryslttUiae  oowpoands  ia  tlui  wmj,  and 
oonatder  that  the  alkali  titani-tertmtea  are  only  nixtineii  li  19  of 
interasl  to  notioe,  bewevery  tluit  tbey  elitoiiied  anellMr  oonpemid,  by 
disflolyiDg  hydiatod  titeniiiiii  dioxide  in  terterio  aeid,  wbich  hae  the 
oompoeition  of  a  normal  titonie  torfcrate,  Ti(C4H4O0)jp4H,O.  Bui  the 
oompoand  baa  a  remarkably  high  rotatory  power,  and  this  property 
appears  to  Buggest  a  lactone  linking,  since  a  similar  effect  baa  only 
been  observed  in  bydroxy-acids  (compare  Walden,  Ber.,  1897,  30, 
2889). 

Colour. — The  compouDds  here  referred  to  are  all  colourless,  as  also 
are  those  which  have  been  obtained  from  mucio,  citric,  lactic,  and 
appiirently  all  other  aliphatic  acids.  It  appears  very  remarkable 
therefore  that  the  dihydroxymaleic  acid  compound,  now  under  discus- 
sion, should  be  so  intensely  coloured,  and  the  fact  may  perhaps  be 
connected  with  the  tautomeric  cbaracter  of  the  acid  (Trana^  1905,  Ql, 
804). 

This  compound  when  precipitated  in  presence  of  diluto  aalpborio  acid 
IS,  as  above  stated,  cbocolate  in  colour.  After  washing  it  becomes  redder, 
like  ferric  hydroxide,  bat  en  treatment  with  strong  acids  it  turns  again 
darker  and  of  a  deeper  purple.  It  is  remarkably  stable  towards 
adds,  being  scarcely  changed  by  cold  concentrated  sulpburio  add  or 
hot  oonoentrated  hydroohlorio  add.  Hydroflaorie  addt  however,  at 
onee  deoomposes  it»  and  the  resalting  solution  then  gives  the  reaotiona 
of  dihydrozymaleie  add.  Cold  alkaline  hydroxides  or  oarbeoates  ofaaage 
it  at  once  into  bright  orange-yellow  salto,  wbioh  are  neariy  insolaUe  in 
water.  These  salts,  when  treated  with  a^s,  regenerate  the  original 
choeolatoeolonred  snbstonce.  When  boiled  with  alkalis  in  esoass, 
the  oomponnds  are  deoomposed,  yidding  a  salt  of  dihydrozymaleie  add. 
The  original  oomponnd  also  nndergoes  a  eertdn  amonnt  of  hydrolytie 
decomposition  when  repeatedly  washed  with  large  quantities  ef  boiling 
water.  This  fact  is  indicated  by  the  increased  content  of  titanium, 
but  the  appearance  of  the  compound  is  scarcely  altered. 

The  original  compound  dissolves  sufficiently  in  cold  water  to  give  a 
yellowish-red  solution.  Acids  change  this  to  pinkish-brown,  and 
alkalis  to  lemon-yellow.  The  colour  changes  are  quite  sharp,  and 
the  tints  nearly  resemble  those  given  by  methyl-orange,  but  are  less 
intense. 

In  terms  of  Ostwald'a  simpler  explanation,  one  would  say  therefore 
that  the  ion  is  yellow  and  the  undissociated  compound  pinkish- 
brown,  but  the  changes  could  no  doubt  be  referred  to  a  diSerenoe  in 
aonstitution. 

Without  additional  evidence  there  is  not  much  object  ia  *«^w*g 
eonjeetnres  with  regard  to  the  eo&stit«tm  of  thia.  aobstaaosii  The 
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fact  that  it  behaves  as  an  acid,  appears  to  exclude  the  simple 
anhydride-like  constitution  which  Rosenheim  and  Scliiitte  assign  to 
the  oxalic,  malic,  and  tartaric  acid  compounds  of  titanium. 

That  replacement  has  occurred,  in  part  at  any  rate,  in  the  alcoholic 
hydroxyl  groups  is  also  indicated  by  the  foUowiDg  observations.  A 
solution  of  dihydroxymaleic  dimethyl  ester,  in  dry  ether  or  alcohol, 
gives  an  intense  orange-red  colour  with  dry  titanium  tetrachloride, 
dissolved  in  the  same  solvents.  This  colour  is  quite  similar  to  that 
obtained  from  cold  aqueous  solutions  as  mentioned  below.  Further, 
the  diaoetjl  acid  (TvaaB.,  1896,  69,  551)  gives  no  ooloar  with  ' 
titamnm  compounds  in  aqueous  solution. 

Detection  of  TitajiUim. — When  cold  aqneoQB  solutions  of  dihydroxy- 
naleio  aeid  and  qoadrivalent  titaniam  oomponnds  are  mixed  in  the 
cold,  intensely-eoloiifed  solutions  are  obtained,  the  shade  of  ooloar 
de|iending  on  the  dilation.  A  solution  oontaining  one  part  of 
titaniom  in  15,000  givss  an  intense  cMige-red  ooloor,  and  one  part  in 
150,000  is  ofdoofed  bright  lemon-jellow.  Beyond  this  the  colour 
becomes  paler,  bat  is  a  very  distinct  straw-yellow  at  a  dilation  of  one 
in  a  million.  By  viewing  the  eolation  throngh  a  column  of  20  or 
30  oentimetree  in  length,  it  is  quite  easy  to  observe  the  colour  pro- 
dttced  by  one  part  of  titanium  in  about  five  millions. 

Kough  comparisons  made  under  similar  conditions  with  the  woll- 
knowu  hydrogen  dioxide  test  indicate  that  the  dihydroxymaleic  acid 
reaction  is  from  fifteen  to  twenty  times  as  delicate.  For  the  quanti- 
tative estimation  of  titanium  by  the  colorimetric  process,  the  latter 
will  doubtless  be  found  to  be  advantageous,  not  only  because  of  its 
greater  sensitiveness,  but  also  on  account  of  the  more  marked  varisr 
tion  of  tint  with  dilution. 

The  test  has  the  further  advantage  that  it  is  not  given  by  vanadium. 
Molybdates  and  uranyl  salts  give  red  or  brown  colours,  but  these  are 
easily  distinguished,  since  they  are  destroyed  by  acids,  the  former  on 
heating  and  the  latter  in  the  cold.  Tungstic  acid  also  gives  a  brown 
colour,  but  this  is  almost  immediately  changed  to  blue ;  vanadio  com- 
pounds yield  only  a  blue  solution.  Negative  results  are  given  by 
thorium,  cerium,  zirconiam,  silicon,  and  tin. 

Iron  in  the  fsnto  state  interferes  with  the  test  in  so  far  that  it 
destroys  the  reagent  (THmfl.»  1903,  81,  426).  If  only  trsces  of  iron 
are  present^  it  snfficea  to  add  an  excess  of  the  reagent;  otherwise 
it  is  necessary  to  reduce  the  iron  to  the  ferroos  condition  by  means  of 
solphoroos  acid. 

Iit/Umm  of  /7tierldst."— The  cdoor-reaction  here  described  is  entirely 
prevented  by  the  presence  of  fluorides,  and  the  chocolate-coloured 
precipitate,  deaeribed  above,  dissolves  completely  in  warm  hydrofluoric 
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add,  yielding  a  oolonrleos  flolnticm.  Ftnoridefl,  as  is  well  knowD,  have 
a  similar  influ^noe  in  preyenting  the  colour  reaction  of  titanium  with 
hydrogen  dioxide,  and  Steiger  Amer.  diem.  Soc.t  1908,  30,  219) 
has  devised  a  colorimetric  method,  depending  on  this  circumstance,  for 
the  estimation  of  small  quantities  of  fluorine.  For  the  application  of 
his  method,  it  is  probable  that  the  use  of  dihydrozymaleic  acid  may 
be  found  to  be  preferable  to  that  of  hydrogen  dioxide  foi;  the  reasona 
indicated  above. 

lb  would  appear  therefore  that  both  these  tests  are  to  bo  regarded 
as  distinctive  of  titanium  ions,  and  that  the  inhibiting  effect  <rf 
fluorides  is  to  be  ascribed  ta  the  withdrawal  of  tbeee  to  fonn  the 
flomplex  TiFf  ions. 

A.  strong  solution  of  potassium  titaniflaoride  giw  a  yellowish- 
brown  aolation  on  the  addition  of  dihydroiymaleic  acid  ;  on  dilation^ 
the  ooloar  quickly  changes  to  atraw-yellow.  Here  there  is  pre- 
gmnably  eqnilibrium  in  the  sense : 

Addition  of  a  solution  of  potassiam  fluoride  here  again  quickly  bleaches 
the  colour. 

The  existence  of  hydro fluoti tan ic  acid  in  aqueous  solution  was 
indicated  by  the  experiments  of  Kowalewsky  (Zeitsch.  anorg.  Chem.j 
1900,  25,  193),  who  showed  that  the  electric  conductivity  of  a 
solution  of  hydrofluoric  acid  is  increased  when  titanium  dioxide  is 
dissolved  in  it,  hydrofluotitanic  acid  being  relatively  a  strong  acid. 

Consequently  one  would  expect  that  the  addition  of  strong  mirif  r.il 
acids  would,  by  *'  suppressing  "  the  F',  have  a  retrogade  influence  on 
the  change  above  mentioned.  The  following  preliminary  experiments 
appear  to  favour  this  view. 

▲  solution  of  titanium  dioxide  in  snlphurio  aoici,  oontaining  0  021 28 
TIO^  per  c.c,  was  ran  into  known  quantities  of  pure  potassium 
fluoride  dissolved  in  very  small  quantities  of  water^  dihydroxymalaie 
moid  being  added  as  indicator.  If  the  solutions  are  sufficiently  eon* 
oentrated,  the  end  pdnt  is  quite  well  defined.  A  reddish-brown  spot 
is  produced  on  addition  of  eaoh  drop  of  the  titanium  scdution,  which  is 
immediately  bleaohed  on  mixing  with  the  suirounding  liquid;  the 
end  is  characterised  by  the  first  appeavanoe  of  a  pennanent,  pale 
straw-yellow  colour,  which  on  further  additions  of  the  titanium 
solution  is  changed  to  a  permanent  reddish-brown  ; 

I.  0-9537  potassium  fluoride,  mixed  with  dilute  sulphuric  acid  in 
excess,  required  9  5  c.c.  TiO^  solution  (  =  0*2021  gram  TiO,). 

Theory  for  6KJP :  Ti » 10*3  ce.  (  -  0*8192  gram  TiOt). 
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II.  1*4315  potassium  fluoride,  uoder  similar  oonditions,  required 
14-6  C.C.  TiO,  solution  (  =  0-3086  gram  TiOj. 

Theory,  16*4  e.c  (i- 0*3290  gram  TiO^. 

in.  1*SS01  potaflflimn  fluoride,  mixed  with  excess  of  potassium 
acetate  and  a  little  acetic  acid,  required  13*1  c.c.  TiOj  solution 
(«  0-2787  gram  TiO,). 

Theory,  13*5  o.c  (-2873  gram  TiO,). 

These  experimento^^ve  earned  out  in  gUus  dishes  coated  with 
paraffin  wax. 

It  'wonld  appear  that  this  method  would  serve  well  &r  the 
approximate  volnmetric  estimation  of  fluorides.  The  solntions  would 
have  to  be  fairly  concentrated  in  order  to  ensure  a  sufficiently  sharp 
end-point,  and  it  would  probably  be  preferable  to  standardise  the 

titanium  solutions  by  means  of  a  pure  fluoride  under  similar  conditions 

of  dilution,  kc.  Exporiments  will  shortly  be  carried  out  in  order  to 
test  this  suggestion,  and  it  is  possible  that  the  reaction  may  also  be  of 
theoretical  interest  in  studying  the  conditions  affecting  the 
equilibrium  between  fluorine  and  titanium  which  has  been  already 
referred  to. 

Behaviour  of  DiJnjdroxytartaric  Acid. — Solutions  of  titanium  com- 
pounds when  mixed  in  aqueous  solution  with  dihydroxytartaric  acid 
in  the  cold  remain  quite  colourless.  On  warming  to  about  70^  or  80°, 
an  orange-red  precipitate  separates,  which  appears  to  be  identical  with 
the  compound  which  is  given  by  dihydroxymaleic  acid.  When  washed 
and  decomposed  with  hydrofluoric  add,  it  gives,  in  fact^  the  reactions 
of  dihydroxymaleic  acid. 

No  oxygen  is  evolved  during  this  change,  and  it  would  appear  there- 
fore that  the  quadrivalent  titanium  must  become  peroxidised : 

C^H^Og  +  TiO,  =  O^H^Og  +  TiO.  HjO. 

Further  evidence  in  this  direotioii  is  afforded  by  the  fact  that  the 
filtrate,  after  removal  of  the  precipitate^  is  invariably  colouied  a  deep 
orange,  even  although  considerable  excess  of  titanium  has  been  added, 

whereas  in  the  case  of  dihydroxymaleic  acid  the  filtrate  under 

similar  conditions  is  practicaliy  colouiless. 

Tiiis  chaiigo  appears  therefore  to  afford  another  example  of  the  re- 
markable oxidising  capability  of  dihydroxjtartaric  acid  (compare 
Trans.,  1898,  73,  80). 
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CVlIl.—The   TriazO'ffroup.     FaH   III.  Bistrtaz(h 
derivatives  of  Ethane  and  of  Acetic  Ester, 

By  Mabtih  Omslov  Fobsibb,  Hans  Bduabd  Fipts,  and 

Wautbb  Pkiup  J08HOA. 

The  facility  with  which  the  triazo-group  may  bo  iutroduced  into 
typical  organic  molecules  of  himple  structure  by  interaction  of  sodium 
azide  and  the  appropriate  halogen  derivative  led  us  to  consider  the 
possibility  of  studying  representative  bistriazo-derivatives.  Hitherto, 
the  only  compounds  which  contain  two  triazo-groups  replacing  hydrogen 
in  elementary  hydrocarbon  types  have  been  the  pfira-bistriazobenzene 
of  Oriess  {Ber.,  1888,  21,  1559  ;  compare  also  Silberrad  and  Smart, 
Trans.,  1006,89,  170),  and  meta-bistriazobenzene  (Forster  and  Fien, 
Trans.,  1907,  91,  1953).  Accordingly,  we  have  prepared  bistriazo- 
derivatives  from  ethylene  diohloride,  ethylidene  dichloride,  and 
diohloroacetic  ester,  and  it  appears  to  us  necessary  that  a  nota  of 
warning  should  be  attered  against  manipulating  the  products  ;  our 
haiardoos  ezperienoes  liava  led  us  to  abandon  tha  inTastigation  ol 
those  bistriaso-derivatiTSB  in  which  both  triaso-groiips  are  attabhadto 
one  earbon  atom. 

Dimroth  and  Wislioenos  (JBw.,  1905,  38^  1578)  were  the  first  to 
prepare  a  triaso-hydrocarbon  of  the  aliphatic  series,  and  described  the 
simplest  of  theee^  methylaaoimide^  as  arising  from  the  aotion  of 
methyl  sulphate  on  an  aqueous  solution  of  sodium  aside^  By  heating 
efchylena  diohloride  with  sodium  aside  in  dilute  alcohol,  wa  have 
obtained  symmetrical  bistriazuethane  in  the  form  of  a  colourless, 
refractive  liquid,  which  has  the  odour  of  chloroform,  and  boils  at  63** 
under  9  mm.  pressure.  Tiio  readiness  with  which  the  substance  is 
converted  into  ethylenediamine  by  reduction  tempted  us  to  prepare 
unsymmetrical  bistriazoethane  in  the  hope  of  arriving  at  ethylidene- 
diamine,  but  for  reasons  appearing  below  the  experiment  will  not  be 
pursued,  and  the  expectation  of  obtaining  diaminoacetic  ester  must 
remain  also  unfulfilled. 

Conspicuous  among  the  developments  of  Grignard's  reaction  have 
been  the  experiments  of  Dimroth  with  alkyl  and  aryl  azoimides  {Ber., 
1905,  38,670,  2328;  1906,  39,  3905;  1907,  40,  2390),  the  inter- 
mediate magnesium  derivatives  from  which  yield  diazoamino-compounds 
when  treated  with  water.  In  this  manner,  Dimroth  obtained  diazo- 
aminobentene  from  phenylasoimide  and  magnesium  phenyl  bromide^ 
subsequently  preparing  numerous  aliphatic-aromatic  diawamino* 
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compounds,  or  triazenes,  by  varying  both  the  azoimide  and  the 
Grignard  agent ;  the  most  remarkable  member  of  the  series,  dimethyl- 
triazene,  or  diazoaminomethane,  arises  from  methjlazoimide  and 
magnesium  methyl  iodide  (Dimroth,  £er.,  1906,  39,  3905).  Applying 
this  reaction  to  symmetrical  bistriazoethane,  we  liave  prepared  the 
compoundi 

which  has  the  properttefl  of  a  mixed  diazoamino-deilivative^  yielding 
two-thirds  of  its  mtiogen  when  treated  with  cold  dilute  acids ;  the 
ftppeanuioe  of  aniline  unmixed  with  cfiazoninm  salt  as  a  result  of  this 
deoomposition  would  appear  to  justify  the  above  representation 
(oompare  Dimroth,  Bble«  and  Gruhl,  Ber.,  1907, 40,  2390). 

EXFE&IMSNTAL. 

Fifty  grams  of  ethylene  dichloride  and  80  c.c.  of  alcohol  were 
h^ted  under  reflux  during  four  days  with  65  grams  of  sodium  azide 
in  200  c.c.  of  water.  The  liquid  having  been  diluted  with  600  c.c.  of 
water  was  extracted  four  times  with  ether,  and  the  latter,  after 
desiocation  with  calcium  chloride,  was  distilled  under  ordinary 
pressure,  carrying  with  it  10  grams  of  ethylene  dichloride.  The 
residtte  was  then  fractionated  three  times  under  9  mm.  pressure, 
20  grams  of  a  colourless,  refractive  oil  being  finally  obtained,  dis- 
tilling at  a  constant  temperature  of  53°.  On  attempting  to  estimate 
nitrogen  in  the  ordinary  way,  a  violent  explosion  occurred,  even  when 
a  few  drops  of  the  compound,  largely  diluted  with  copper  oxide,  were 
slowly  vaporised;  we  are  indebted  to  Mr.  Bichmond,  however,  for 
analyses  of  this  material  and  of  bistriaaoaoetio  ester  by  the  method 
devised  by  him  for  dealing  with  triaso-derivatives  {Analffti,  1908, 
33,  180) : 

0*1104  gave  46*7  c.c.  of  nitrogen  at  19°  and  754  mm.,  along  with 
0*0335  gram  of  ammonia.  N>=49'9  as  gas,  25  0  as  i^^H^;  total, 
74'9. 

C2H^Ng  requires  N  =  75-0  per  cent. 
Bistriazaelhane  has  a  sweet  taste  and  the  odour  of  chloroform,  the 
vapour  stimulating  salivation  and  producing  slight  palpitation  of  the 
heart.  Its  speciHc  gravity  is  1*178  compared  with  water  at  19%  and  it 
is  readily  volatile  in  steam.  When  thrown  on  a  hot  plate,  it  explodes, 
and  its  behaviour  with  concentrated  sulphuric  acid  is  treacherous, 
evolution  of  gas  taking  place  quite  smoothly,  although  very  briskly  if 
tim  materials  are  mixed  immediately,  whilst  a  mild  explosion  oooun  if 
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iustion  is dflkyed;  on  one  oocaiknii  howevor,  the  add  wu  added  to  a 
few  drops  of  tlie  aside  on  a  watcfa-glaas  without  the  eustomaiy  evolu* 
tion  of  gas  taking  plaoe»  when  suddenly  a  tenifie  detonation  oeeomd, 
and  the  watokglass  simply  yanished.  AleohoHo  alkali  eliminates 
hydxasoie  aoid  from  bistriasoethane  vevy  sbwly,  without  liberation  of 
nitrogen  gas. 

Mkuliion  Is  JMifkn8diamm$» — Alooholieammoninm  sulphide  reduoss 

the  substance  immediately,  torrents  of  nitrogen  being  set  free.  On 

adding  a  solution  of  stannous  chloride  in  hydrochloric  acid  to  the 
bisLriazo-compound  dissolved  in  alcohol,  steady  evolution  of  nitrogen 
occurs,  approximately  two-thirds  of  the  total  content : 

0-1853  gave  76-0  c.c.  of  nitrogen  at  16°  and  751  mm.  N-47-9. 
CgH^Ng  requires  2/3N  =  50"0  per  cent. 

In  order  to  identify  the  product  of  reductioo,  10  grams  were  treated 
with  a  solution  containing  20  grams  of  tin,  when  the  oil  quickly 
disappeared,  yielding  35  grams  of  the  tin  double  salt ;  5  grams  of  this 
material  were  shaken  with  alkali  and  benioyl  chloride,  yielding  the 
dibensoyl  derivative  of  etbylenediamine*  the  remainder  being  oon« 
▼erted  into  the  hydrochloride  of  that  base,  from  which  the  platini^ 
chloride  was  prepared : 

0*6263  gave  0*2584  Pt    Pt «  41-26. 

C2HgN2,H2PtClfl  requires  Pt  =  41*70  per  cent. 

The  base  was  further  identiiied  by  the  picrate,  and  the  absence  ol 
hydrazine  was  established. 

Action  q/  Magnesium  Phenyl  Bramid$  on  BUtriazoctkane, 

Twenty  grams  of  bromobencene  in  40  cc.  of  dry  ether  having  been 
converted  into  magnesium  phenyl  bromide  with  8*2  grams  of  the  metal, 
the  solution  was  mixed  with  7  grams  of  bistriasoethane  in  20  cc,  of 
ether  without  external  cooUng,  when  a  somewhat  vigorous  action  took 
place.  After  an  interval  of  ten  minutes,  a  mixture  of  crushed  ice  and 
concentrated  ammonium  chloride  was  added,  the  diaatoamino-compound 
being  extracted  without  delay  by  shaking  with  successive  quantities 
of  ether,  amounting  to  about  400  c.c.  Contact  with  undissolved 
magnesium  was  found  to  have  a  catalytic  effect  on  the  product,  as  in 
the  case  of  the  substances  described  by  Dimi-oth.  The  solution 
having  been  dried  by  calcium  chloride,  ether  was  evaporated,  and 
petroleum  added  to  the  residue,  when  12  grams  of  crystalline  material 
were  obtained ;  the  mother  liquor  deposited  on  evaporation  an  oil 
which  had  the  odour  of  pheuylcarbylamiue. 

The  compound  being  very  sparingly  soluble  in  boiling  petroleum,  it 
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waa  recrjstallised  from  this  medium  (b.  p.  80 — 100°),  about  two  litres 
being  required  to  dissolve  8  grams;  the  solutioD  deposited  lustrous, 
square  plates  having  a  faint  brown  tinge,  and  melting  with  vigorous 
gas  evolution  at  128°  : 

0'U40  gave  0-3311  OOj  and  O'OSOl  H^O.    0  =  62*71 ;  H  =  6-22. 
.  0'0824    „    22-a  O.C.  of  nitrogen  at  20°  and  760  mm.  31*69. 
Oi^UifNf  reqoireB  0«>62'69 ;  H»5*97 ;  N»i3i'34  per  cent. 
The  diAMmino-oompoiind  is  spBringly  aolnble  in  ether,  ohlorofomi, 
beniene,  and  abohol,  dieBolviDg  yntk  modemte  reedmess  in  the  two 
laet-named  eolvente  when  heated. 

J>toompotUian  wUh  DilnU  JMt, — -Die  compoiiiid  ie  remarkably 
eendttfe  towards  dilute  acids,  even  aoetie  add  liberating  nitrogen 
immediately ;  when  treated  witii  8  per  oent.  hydrooUorio  amd, 

0  286d  gave  51  8  c.c  of  mtrogen  at  16°  and  75  .;  mui.    N« 21*22. 
Ci^HigNfl  requires  2/3N  =  20-89  per  cent. 

The  principal  product  of  this  decomposition  waa  found  to  be  aniline* 
and  ethylene  dichloride  could  not  be  recognised.  An  experiment  in 
which  the  acid  liquid  waa  added  immediately  to  an  alkaline  solution  of 
^•naphtkiol  indicated  the  formation  of  dia»onium  salt  in  negligible 
amonnt. 

AUmpt  to  Frtpar§  1 :  l-£igtriazo«ihaM,  CH,*Ofi(Kg)y 

Kfty  grams  of  ethylidene  dichloride  and  100  e.c  of  alcohol  were 
heated  under  reilttz  during  sixty  hours  with  70  grams  of  sodium  aside 
in  200  cc,  of  water;  the  steam  distillate  having  been  extracted  with 
ether,  this  was  dried  with  oaldum  chloride  and  fractionated  with  a 
long  rod-and-disk  column  on  the  water-bath,  almost  everything 
passing  over  between  40^  and  50^,  when  there  remained  8  cc  of  liquid 
residue.  This  was  successfully  distilled  at  38^  under  14  mm.  pressure, 
leaving  only  one  drop  of  a  yellow  oil,  but  on  admitting  air  to  the 
apparatus  a  disastrous  explosion  occurred,  apparently  starting  in  the 
Briihl  jar ;  by  a  curious  chance,  the  thermometers  in  the  distilling 
flask  and  in  the  fcun-ounding  water-bath  escaped  fracture,  although  the 
thick  glass  receiver  was  transformed  into  coarse  powder,  and  the 
Liebig's  condenser  disappeared. 

Our  experience  of  the  purified  substonce  lasted  only  a  few  minutes, 
during  which  we  were  able  to  recognise  it  as  a  colourless,  refractive 
liquid  which,  previous  to  distillation,  had  the  odour  of  chloroform, 

Mittri(UoaG6lio  Ustar,  Cil(N,)g*CX),'C^ 

Eighty-five  grams  of  diehlorcaeetic  ester  mixed  with  the  same 
quantity  of  alcohol  were  heated  under  refiuz  during  five  hours  with 
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75  grams  of  aodittm  MUle  in  200  e.a  of  witor,  steady  libsnlkm  of 
bydimBoie  add  being  notioed  thronglioiit  the  experiment.  The  prodnct 
of  steam  distillation  was  extracted  with  ether,  and,  after  removing  the 

solvent,  fractionated  under  2  mm.  pressure  ;  tho  major  portion  distilled 
below  70",  but  16  o  grams  of  a  colourless  liquid  were  obtained,  free 
from  chlorine,  and  boiling  steadily  at  70 — 72°.  An  attempt  to 
estimate  nitrogen  by  the  ordinary  method  led  to  a  violent  6Z|do8ion. 
Mr.  Kichmond  found,  however,  that 

0*1764  gave  49*55  c.0.  of  nitrogen  at  16  5°  and  767  Bun.,  aloog 
with  0  03538  gram  of  ammoDla.  N-«d2'98  as  gas,  16*62  as 
Kflgi  total,  49-50. 

O^HfOsNg  requires  N  m  42*41  per  oeat 

MUtritmoaettU  etitr  is  a  ooloorlsBB,  odourises  liquid,  having  speeSfts 
gri^Til^  1*222  eomparsd  witii  water  at  18**.  When  mixed  wiHi  oon- 
csntiated  solplrario  add,  toRents  of  gas  are  liberated,  and  aetion  is 
liable  to  be  ezplosive ;  witb  aqneons  potasdnm  bydrozids^  tbe  sab. 
stance  behaves  like  triasoaoetio  ester,  evolution  of  gas  being  sluggiBb 
at  firsts  and  becoming  brisk  only  on  vigorous  shaking.  Attempts  to 
prepare  bistriazoacetic  acid  were  unsuccessful,  owing  to  the  readiness 
with  which  hydrazoic  acid  is  eliminated,  a  feature  which  doubtl^s 
explains  the  highly  explosive  character  of  the  substance  as  compared 
with  triazoacetic  ester ;  even  cold  alcoholic  ammonia  brings  about  this 
change,  so  that  transformation  into  bistriazoacetamide  was  not 
realised.  No  conclusions  could  be  drawn  regarding  the  action  of 
stannous  chloride,  which  liberated  only  8  6  per  cent,  of  nitrogen,  and 
the  Aubatance  was  considered  too  dangerous  for  further  investigation. 

This  opportunity  may  be  taken  to  emphasise  the  value  of  Messra 
Pilkingtons'  wired  glass  for  screens  to  protect  the  operator  dnriag 
distillation  under  reduced  pressure.  It  would  be  advantageous  also 
if  the  Brlihl  jar  could  be  made  of  this  material,  as  the  thickness  of 
tbe  glass  from  which  these  vessels  are  osnally  constructed  renders 
them  very  dangerous  objects  in  an  explosion  as  distingnished  from  a 
collapse. 

ROTAL  College  of  Soie^^ce,  London, 
South  KsmsiiiOton,  S.W. 
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CIX. — Experiments  on  the  Synthesis  of  l-Methylcyclo- 
hexylidene-A-acetic  Acid, 

Part  I. 

By  William  Hbnby  Pibkin,  juu.,  and  William  Jackson  Pofx. 

▼am't  Honr  hu  pmnted  out  tliat  ^  presence  of  an  asTmmeirio  atom 
»  conceivably  not  the  only  cause  from  which  optical  activity  can  arise ; 
a  snbstanoe  containing  an  asymmetric  carbon  atom  exhibits  optical 
actiyity  in  solution,  because  the  presence  of  this  peculiarity  of  con- 
atitution  imparts  an  enantiomorphons  configuration  to  the  molecule. 
It  is,  however,  possible  to  devise  space  formuln  which  are  enantio- 
morphous,  but  which  contain  no  asymmetric  atom  ;  the  substances  thus 
represented  would  be  expecteil  to  exhil)it  optical  activity  in  solution. 
Thus  van't  Iloff  notes  {The  Arrangevient  of  Atoins  in  S^ac6,  1898, 
103)  that  ailene  derivatives  of  the  type 

»>o:o:o<» 

should  exist  in  two  enantiomorphoualy  related,  and  hence  optically 
active^  forms. 

Compounds  which  presumably  possess  enanttomcrphous  configura- 
tions, such  as  are  described  above,  are  already  known,  as,  for  instance, 
the  symmetrical  dimethylallene,  OHMelOIGHMe,  but  being  synthetic 
products  they  naturally  do  not  exhibit  optical  activity. 

In  order  to  obtain  ei^wnmental  information  concerning  the  new 
kind  of  stereoisomerism  thus  indicated,  we  endeavoured,  but  without 
success,  to  prepare  allene  derivatives  of  the  type  mentioned,  and  of 
such  constitutions  that  the  ordinary  methods  of  resolving  externally 
compensated  substances  could  be  applied  to  them.  We  next  turned 
our  attention  to  the  synthesis  of  oompounda  belonging  to  the  types 

g>c<[^S;i;>o:o<j^  «ki 


S>^<[cll:l;:><<[a><^<g. 


which  contain  aymmetrioal  closed  rings  in  the  place  of  one  or  both  of 
the  double  Unkings  in  allene,  and  must  therefore  also  exhibit  enantio- 
morphism,  and  we  selected  for  our  purpose  the  synthesis  of  l-mslAyj- 
cycLoA«a!;yjfdstid-4-ao0ito  atidt 

YOL.  XOIII.  4  B 
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The  fliartiiig  point  in  this  synthesis  was  l-4iMi&y?oycIoAsaE»yfoar6tiM)l, 
which  was  prepsred  in  considerahle  quantities  from  ethyl  1-methyl- 
^yeA»hezane-4-carboxylate  (Trans,,  1905»  87,  644)  by  rednetion  with 
sodium  and  alcohol, 

CHMe<^^;^^>OH-COgBt  ^ 

OHMe<^{^  >OH-OH,-OH. 

When  thiB  alcohol  is  heated  with  fuming  hydrobromic  acid,  it  yields 
I'lmtliylcycXofiexi/lcarhinyl  bromide,  and  this  is  converted  by  the  action 
of  potassium  cyanide  into  the  corresponding  uitrile,  which,  oa 
hydrolysis,  yields  l-ms^y^ycio^^^-i-octftic  ocui ; 

CHMe<^^;^^>CH-OH,-CN  ^ 

The  {ehloride  of  this  aoid  behaves  in  the  usual  manner  when  it  is 

heated  with  bromine,  and  the  product  is  readily  decomposed  by  formic 
acid  with  formation  of  a-brovio-\'rMihylQjc\{^iexylAi-aceiic  add, 

CHMe<g^«;^^2>oH*OHBrCO^ 

which  crystallises  well  and  melts  at  78°.  Wlien  the  ester  of  the  acid 
is  digested  with  diethylaniline,  hydrogen  bromide  is  eliminated,  and 
an  unsaturated  ester  is  formed,  and  this,  on  hydrolysis,  yields  an  acid 
which  crystallises  from  formic  acid  in  glistening  plates,  softens  at  63° 
and  melts  at  70°  The  analysis  of  this  acid  gave  results  agreeing  with 
the  formula  G^Hj^Oj,  and  this  formula  was  confirmed  by  the  analysis 
of  the  ester  and  other  derivatives.  Since  the  alkaline  solution  of  the 
aoid  instantly  deooliwised  permanganate,  there  seemed  to  be  no  other 
alternative  than  to  conclude  that  it  had  been  ptoduoed  normaUyy  and 
was,  in  faot,  iHwsrtW^yolotoy/Mbtis- 4-acrtis  mM^ 


CHMe<^^;^^>0:CH-00,H. 


While  these  experiments  were  in  progress,  W.  Markwald  and 
R.  Meth  {Ber.,  1906,  39,  1171)  pulilished  an  account  of  an  investigji- 
tion  which  they  had  made  with  the  same  object  as  we  had  in  view, 
namely,  that  of  synthesisiug  l-methylc^c^hexylidene-4-aoetic  acid  and 
then  resolving  it  into  its  active  modifications.  Their  method  of 
symhesistng  this  Hcid  was,  however,  quite  different  from  onrs,  and  was 
as  follows :  4-Methylcye^hexanone  was  treated  with  ethyl  bromo> 
acetate  and  magnesium  and  the  product  hydcolysed«  when  the  two 
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Btoreui^iDeric  modifications  of  4-bj4lroxj-l-methylc^c/o))exy  1-1 -acetic 
acid, 

OHMe<^]^j;^^>C(Ofl)CH,CO,H, 

were  obtained,  both  of  which  are  decomposed  by  boiling  dilute 
bulphuric  acid  with  elimination  of  water  and  formation  of  an  unsatur- 
ated acid,  CjjHj^Og,  which  melts  at  4 1*'. 

A  glance  at  the  formula  of  the  hy  iroxy-acid  8how8  at  once  that  the 
elimination  of  water  may  take  place  in  two  directions,  and  that  the 
resulting  unsaturated  acid  may  be  either  1 -methyl- A^-c^obexene-4- 
aoetic  acid, 

CHMe<g}{2;^jf>C-0H,-00,H, 
or  I-metby^ye^hezyUdeiid-4 -acetic  acid, 

CHMe<^"8;^g2>c:CH-COjH. 

2  2 

Markwald  and  Meth  are  of  opinioD  that  their  unsaturated  acid  is  to 
be  regarded  as  having  the  latter  ooDstitution,  but  we,  on  the  other 
band,  oonsider  it  probable  that  it  contains  the  doable  linking  in  the 
ling,  and  ie^  in  faot,  l-meth7l-A'-<|i«li>bezene4-ai!etic  aeid. 

In  reply  to  this  eritieiam,  Markwald  and  Heth  (i?«r.,  1906,  39, 
2404)  baye  publtahed  farther  eYidenoe  in  support  of  their  view,  and 
Wallaeb  {Aimalm,  1907,  313,  311)  has  also  inyesUgated  the  subject, 
and  is  of  opinion  that  the  aoid  of  meUing  point  41^  is  l-methylcyo/o- 
h0xjHdene-4«oetie  add.  It  is  unfortunate  that  we  have  not  yet  been 
able  to  prepare  our  unsaturated  aoid  free  from  small  quantities  of 
l-inethylcyofohezyl-4-aeetic  acid.  The  ester  of  this  latter  acid  is 
apparently  produced  in  small  quantities  as  the  result  of  a  secondary 
reaction  during  the  elimination  of  hydrogen  bromide  from  ethyl 
a-bromo-i-methylcyc/ohexyl-4  acetate  by  means  of  dietl)ylaniline,  and 
its  presence  was  hrst  discovered  during  a  series  of  experiments  on  the 
oxidation  of  the  unsaturated  acid  by  means  of  ozone. 

It  follows  from  this  that  the  melting  point  which  we  have  given  for 
our  unsaturated  acid  can  only  be  approximately  correct,  and  mu«t 
therefore  be  accepted  with  reserve.  On  the  other  hand,  the  results  of 
a  long  and  interesting  series  of  experiments  which  are  in  progress 
aeem  to  show  that,  in  spite  of  all  the  evidence  to  the  contrary,  ihe 
unsaturated  acid  of  melting  point  41°,  prepared  by  Markwald  and  Meth, 
is  not  l-methykyc^bexylidene-4-acetic  acid. 

The  ezperimental  investigation  of  this  matter  has  proved  to  be  most 
oomplez  and  difficult,  and,  as  the  investigation  may  not  be  completed 
for  a  considerable  time^  we  have  thought  it  best  to  publish  now  the 
details  of  those  experiments  of  which  a  brief  aooount  was  given  in  oor 
preliminary  eommunieation  (F^oe.,  1906,  22, 107). 

4  B  2  ^ 
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I'MelhylcjcUuxylicarbinol,  CHMe<^^;^g^>CH-CH,-OH. 

The  process  used  in  the  preparmtiou  of  this  carMnol  is  dmikr  to 
that  empiojed  by  Bouveanlt  and  BhuM  {Campi.  rsnd,  1908»  186» 
1676;  137t  60)  in  their  experiments  on  the  eonveraion  of  cyelo- 
hezftneeerbozylio  ester  into  tjyeUezyloArbtnol.    Sodiom  (80  grams), 

in  pieces  about  the  sise  of  a  marble,  is  placed  in  a  2-litre  flask,  oon- 

nected  with  a  long  condeDser,  and  heated  in  an  oil-bath  at  80^ 

1-Methylc^c/uhexaLe  4  car!  oxylic  ester  (30  grams),  dissolved  in 
alcohol  (150  cc),  is  then  added  in  a  thin  streaiu  down  the  condenser, 
the  decomposition  being  allowed  to  proceed  as  vigorously  as  possible. 

When  the  action  slakens,  the  temperature  of  the  oil-batli  is  raised 
to  130°,  nnd  small  quantities  of  alcohol  added  until  the  sodium  liaa 
dissolved.  The  product  is  diluted  with  water  (3  vols.)  and  extracted 
three  times  with  ether,  the  ethereal  solution  is  washed  several  times 
with -water,  dried  over  anhydrous  sodium  sulphate,  evaporated,  and  the 
residual  oil  purified  by  distillation  under  ordinary  pressure.  During 
the  first  distillation  almost  the  whole  quantity  passes  over  at 
190 — 200°,  yery  little  oil  of  higher  boiling  point  remaining  in  the 
flask,  and,  on  repeating  the  operation*  the  substance  boils  constantly  at 
197—198°  (768  mm.) : 

01726  gave  0*4734  GO,  and  0*1886  H^O.   0  -  74-8 ;  H -  lS-3. 

0-1383   „   0*3790  00,  „  01539  H^O.   0-74  8;  H«- 12*4. 
CgH,^0  requires  0-75*0 ;  H  - 12*4  per  cent. 

\-Methyhyc\ohexyl  i-carhinol  has  an  odour  of  f.soamyl  alcohol  aud 
at  the  same  time  of  peppermint.  The  yield  of  alcohol  obtained  by 
the  above  process  is  20 — 25  grams  from  60  grams  of  1-methylct/c/o- 
hexane-4-carboxylic  ester,  and  the  alkaline  solution,  from  which  the 
alcohol  has  been  extracted  with  ether,  yields  oii  concentration  and 
precipitation  with  hydrochloric  acid  the  unchanged  1 -methylcyc/o- 
hexane-4-oarbozyiic  acid,  which  is  collected  and  used  in  a  subsequent 
operation. 

\- Metht/lcyc\ohexi/l  i-carbini/l  Bromide. — 1-Methylcyc/ohexyl-i-carb- 
inol  dissolves  in  twice  its  volume  of  a  solution  of  hydrogen  bromide 
in  glacial  acetic  acid  (saturated  at  0")  with  very  little  rise  of  tempera* 
ture,  and  if  heated  for  two  hours  at  100°  and  then  for  one  hour  at 
120°  the  liquid  separates  into  two  layers. 

The  whole  is  diluted  with  water,  extracted  with  ether,  the  ethereal 
solution  well  washed  with  water,  dried,  and  evaporated.  The  nssidual 
bromide  distils  at  1 35-— 137^  under  150  mm.  pressure,  the  yield  being 
almost  quantitative : 

0*5274  gave  0*5136  AgBr.   Br- 41*5. 

OgUigBr  requires  Br— 41*8  per  cent. 
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l-MeUii/lcycloIiexyl-i-carbiiii/l  bromuJe  is  a  very  stable  substance, 
which  may  be  distilled  ia  small  quantities  under  the  ordinary 
pressure  with  only  slight  decomposition.  It  has  a  pungent  and 
rather  aromatic  odour,  which  somewhat  resembles  that  of  trimethjleue 
bromide. 


Three  methods  have  been  employed  in  the  preparation  of  this  acid. 
Method  I.  Th0  Hydrolysis  of  l-Methylcjciohexyl-i  oarbinyl  Cyanide.-^ 
This  prooan  was  found  to  be  very  laborious  on  aooount  of  the  fact 
tliat  l-metbyk^ye^bheicyl-i'Oarbinjl  bromide  is  not  readily  oonyerted 
into  the  oyaoide  by  treatment  with  potassium  cyanide. 

After  a  long  series  of  comparatiTe  experiments,  carried  out  under 
very  yaried  conditions,  the  following  process,  which  still  leaves  much 
to  be  desired,  seemed  to  yield  the  best  resulto.  The  bromide  (10 
grams)  is  heated  in  a  sealed  tube  with  pure  potassium  cyanide 
(Kahlbaum,  10  grams)  and  70  per  cent,  alcohol  (30  c.c)  for  two  hours 
at  120%  the  tube  is  then  allowed  to  cool,  well  shaken,  and  heated  at 
150^  for  three  hours.  The  product,  which  smells  of  ammonia  and, 
owing  to  the  separation  of  asttlmic  acid,  is  very  dark  coloured,  is 
diluted  with  water,  extracted  with  ether,  the  ethereal  solution  washed 
with  water  until  free  from  alcohol,  and  evaporated. 

The  residue,  which  has  a  pun«,'ont  o<lour  of  a  cyanide  and  consists  of 
l-methylcycfohexyl-4-carbinyl  cyanide  and  a  considerable  quantity  of 
regentrated  l-methyIcyc/ohexyl-4-carbinol,  is  mixed  with  an  equal 
volume  of  acetic-hydrobromic  acid  (saturated  at  0^)  and  heated  in  a 
sealed  tube  at  120''  for  two  hours.  The  product  contains  crystals  of 
ammonium  bromide,  and  is  diluted  with  water,  extracted  with  ether, 
the  ethereal  solution  washed  several  times  with  water  in  order  to 
remove  as  much  acetic  acid  as  possible,  and  then  extracted  with  dilute 
potassium  hydroxide.  After  drying  over  calcium  chloride,  the  ethereal 
solution  yields,  on  evaporation,  methylej/c/ohezylcarbinyl  bromidot 
which  is  distilled  and  used  in  a  subsequent  operation.  The  potassium 
hydroxide  solution  is  again  extr.icted  with  ether,  heated  on  the  water- 
bath  until  free  from  ether,  cooled  with  ice,  and  acidified,  when  about 
1*5 — 2  grams  of  a  yellow,  crystalline  acid  separates. 

This  is  collected,  washed  well,  dissolved  in  sodium  carbonate,  the 
solution  digested  with  animal  charcoal,  filtered  and  acidified,  and  the 
colourless,  crystalline  acid  purified  by  recrystallisateon  from  formic 
add,  from  which  it  separates  in  satiny  plates  which  melt  at  73—74°. 

Method  II.  The  AeUon  tf  Magnetiim  mid  Carbon  DioMe  on 
l-Meihyl€je\ohexyl-A-eairhinyl  Bromide, — Magnesium  (8  grams)  is 


\-Mtthylcyc\ohexyi-\-acetie  Acid, 
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suspended  in  ether  and  rendered  active  by  treatment  with  a  little 
methyl  iodide  ;  the  ether  is  then  decanted  and  replaced  by  an  ethero<al 
solution  of  methylc;yc^hexylcarbinyl  bromide  (30  grams),  when  a 
rather  vigorous  action  takes  place,  which,  however,  soon  slackens. 
After  heating  for  one  hour  on  the  water-bath,  carefully-dried  carbon 
dioxide  is  pas'sed  for  two  hours,  the  whole  decomposed  by  dilute 
hydrochloric  acid,  and  extracted  with  ither. 

The  ethereal  extract  is  shaken  with  dilute  potassium  hydroxide,  and 
the  alkaline  solution,  after  heating  on  the  water-bath  until  free  from 
ether,  oooled  and  ncidified,  when  a  pale  yellow,  crystalline  precipitate 
(S  grams)  is  obtained,  which,  after  crystallisation  from  formie  aiCid, 
melts  at  73—74^.  As  the  amoant  of  aoid  obtained  ia  this  way  was 
80  small,  another  experiment  was  made,  using  magneniam  which  has 
been  rendered  active  by  heating  with  iodine  under  the  conditions  rs- 
commended  hy  Baejer  {B«r,,  1905,  38,  2760]^  bat  the  yield  was  not 
mnch  better. 

The  disadTantage  in  the  ose  of  magnesinm  lies  in  the  fact  tbat 
excess  has  to  be  employed,  and,  when  the  product  is  sabseqoently 
treated  with  hydrochloric  add,  a  good  deal  of  the  unchanged  bcQmlde 
becomes  reduced  and  thus  ▼ery  yaluable  material  is  lost.  It  was  for 
this  reason  that  this  method  was  abandoned. 

Afetkod  III.  TA§  Midkuiim  of  p  Bram^l-wuthylcycXokM^i-aatih 
Acid  (p.  1082).^~Thi8  method,  which  is  probably  the  most  satisfactory 
for  the  preparation  of  methylcyc/ohexylacetic  acid,  is  carried  out  in  the 
following  way,  /3  Bromomethylc>/c/ohexylacetic  acid  is  dissolved  in 
cold  alcohol,  mixed  with  acetic  acid  and  a  few  drops  of  hydrochloric 
acid,  magDenium  turnings  are  then  added,  and  the  whole  well  agitated, 
care  being  taken  that  the  temperature  does  not  rise  above  35'^.  As 
soon  as  the  magnesium  has  dissolved,  the  product  is  distilled  in  steam, 
and  the  distilUte,  which  contains  besides  methylcvc/ohexylacetic  acid 
considerable  quantities  of  methylcj^c/ohexylideneacetic  acid  (m.  p.  41° 
of  Markwald  and  Meth,  p.  1077),  is  then  neutralised  with  sodium 
carbonate  and  oxidised  with  potassium  permanganate  (1  per  cent.) 
until  the  pink  colour  remains.  The  filtrate  and  washings  of  the 
manganese  precipitate  are  evaporated  to  a  small  bulk  and  acidified, 
when  a  colourless  acid  separates  which,  after  crystallisation  from 
formic  acid,  melts  at  73°  aod  consists  of  pure  methylc^^e/ohexylaoetic 
acid.  The  acid  prepared  by  each  of  the  above  methods  was  aaalyssd 
with  the  following  results : 

•  Wallach  {Annal^n,  1907,  363.  313)  lias  lately  i.repared  1-niethylrvc/ohcxyl. 
4-acetic-acid  from  ethyl  fl-hyJroiy-l-raethylcycZobexyl-4 -acetate  l«y  tr^afnient  with 
aoetic-liydiobRHnio  add  and  subsequent  reduction  with  ziuc  dust.  The  meitixiff 
poiat       S6*)  whkh  he  givas  is,  how«?or,  too  low. 
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I.  O  U42  gave  0  3674  CO.^  and  01332  11,0.    C-69-4;  H=10-3. 
11.0  1589    „    0-4031  CO,   „   01471  H2O.    C  =  69  1  ;  H  =  10-3. 
III.  0-1115    „    0-2826  CO2       0  1032  11,0.    C  =  60  1  ;  li  =  10  3. 
CgHjgOj  requires  C  =  69  2  ;  H«=  10*3  per  cent. 

l-3{$ikj^yclohexifl-4-aeeiic  acid  melts  at  73 — 74°,  and  is  readily 
soluble  in  most  organic  solvents,  but  almost  insoluble  in  cold  water. 

It  separates  from  dilute  formio  acid  in  ooloarless,  giistoniDg  plates 
with  a  satiny  lustre. 

The  silver  salt,  C^Hj^OgAg,  obtained  by  adding  silver  nitrate  to 
a  slightly  aUukline  eolation  of  the  ammonium  salt,  is  A  white^  caseous 
preeipitatei  which  rapidly  becomes  crystallioe.  It  was  well  washed  and 
dried  over  solphnrio  add : 

0-2665  gave  0-4000  GO,  and  01363  H^O.   0-41*3 ;  H»6-7. 
0-3738   „    01546  Ag.  Ag-41-3. 

CgHjsOjAg  requires  C=»4l-1  ;  H«i5*7  ;  Ag  =  4l*l  per  cent. 

a-Bromo-\-fnethi/lcyc\ohe.ri/l-i-acetic  Acid. — The  bromiuution  of 
methylcyc/^hexylacetic  acid  was  carriei  out  under  the  following 
conditions.  The  acid  (3*5  grams)  was  mixed  with  phosphorus  penta- 
chloride  (5  grams)  in  a  tube,  and,  when  the  formation  of  the  acid 
chloride  was  complete,  bromine  (4  grams)  was  added,  the  tube  sealed^ 
and  heated  in  boiling  water  for  ten  hours.  The  product,  which  was 
only  slightly  coloured,  was  mixed  with  three  volomes  of  formic  acid 
(sp.  gr.  1*32)  and  heated  for  about  an  hour  on  the  water-bath,  when  it 
was  noticed  that  the  liquid  had  separated  into  two  layers.  Since  no 
crystallisation  *  took  place  after  standing  for  twenty-four  hours,  the 
bromoHMsid  was  precipitated  by  adding  water,  the  gum  which  separated 
was  kneaded  with  cold  water  until  it  had  solidified,  and,  after  washing 
well  and  draining  on  porous  porcelain,  the  substance  was  finally 
crystallised  from  formic  acid : 

0  l'J38  gave  0-3285  CO.^  and  0-1115  11,0.    0  =  46  2;  11  =  6  4. 

0-2651    „    02114  AgBr.    Bi  =34  0." 

CgHi^BiOj  requires  C  =  46  0 ;  H  =  6  4  ;  Br  =  34  0  per  cent. 

a-Brmno  \  inHhylcyc\o!iexyl-\-€Lcetic  Acid  melts  at  78°,  is  readily 
soluble  in  hot  formic  acid,  and  the  solution  clouds  on  cooling,  but 
if  stirred  vigorously  the  bromo-acid  separates  in  glistening  leaflets. 

Etkj^  arbnmo- 1  -ins<^cyclotoeyl-4  moHaU  was  prepared  in  two  differ- 
ent ways.  In  the  first  place  the  bromo-add  chloride,  obtained  as 
described  above^  was  poorsd  into  alcohol,  and,  after  remaining  for 
twenty-fonr  hours,  the  alcoholic  solution  was  diluted  with  water,  the 

*  If,  however,  a  crystal  i."  available  and  is  addid  at  this  stage,  the  bronio-acid 
rapidly  crystallises  aud,  after  liitoriug  and  washing  with  a  little  cold  formic  acid,  ia 
alsMst  pun. 
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heavy  oil  extracted  with  ether,  the  ethereal  extract  washed  with  water 
and  dilute  sodium  cArbonate,  dried,  and  evaporated. 

The  viscid,  unpleasant  smelling  bromo-ester  was  placed  over 
sulphuric  acid  in  an  eviicuated  desiccator  until  free  from  ether. 

Subsequently,  the  bromo-ester  was  prepared  by  leaving  the  solution 
of  the  pure  bromo-acid  in  10  per  cent,  alcoholic  sulphuric  acid  for 
three  days.  The  product  was  diluted  with  water,  the  heavy  oil 
extracted  with  ether,  the  ethereal  solution  was  washed  with  sodium 
earboaate,  dried,  and  evaporated.  After  remaining  for  two  days  over 
sulphuric  acid  in  an  evacuated  desiccator,  the  viaoid,  almost  ooloorless 
oil  yielded  the  foUowiog  resnlt  on  analysia : 

0-2643  gave  01851  AgBr.    Br  -  29-8. 

CjiHjgO^Br  requires  Br  a  30*4  per  oent. 

p-Bromo-l-methi/lcyc\ohexyl-i-<tcetie  Aeid. — ^This  substance  was  pre- 
pared by  two  different  methods,  namely,  by  the  action  of  fuming 
hydrobromic  atid  on  jS-hi/droxi/niethi/lcyclohexi/lacetic  cund  (p.  1077),  aud 
on  viethylcyclo/i6Xt/lid6neacetic  add  (m.  p.  41°  of  Markwald  and  Meth, 
p.  1077). 

The  hydroxy-acid  dissolves  readily  in  fuming  hydrobromic  acid 
(saturated  at  O''),  and  in  a  few  minutes  the  solution  clouds  and 
crystals  begin  to  form.  After  adding  water,  the  crystalline  precipit4ite 
is  collected,  left  in  contact  with  porous  porcelain  until  quite  dry,  and 
crystallised,  first  from  formic  acid,  and  then  from  light  petroleum 
(b.  p.  50 — 60°).  From  this  latter  solvent,  the  aabetance  separates  in 
magnifioent,  glistening  prisms  melting  at  87° : 

0-2120  gave  0*1691  AgBr.    Br  •>  88*9. 

G^Hi^OgBr  requires  Br-  84*0  per  cent; 

In  the  second  experiment^  iMihylcyc\ohexi/lidmMc$Hc  oetdwaa  finely 
powdered  and  stirred  with  faming  hydrobromic  add  (saturated  at  0°), 
when  it  partly  dissolved,  and  was  then  converted  into  an  oil,  which 
soon  solidified.  The  product  was  diluted  with  water,  the  precipitate 
collected,  dried  on  porous  porcelain,  and  then  crystallised  from  light 
petroleum.  The  substance  separated  in  glistening  prisms,  melted  at 
87°,  and  was  identical  with  the  brouio-acid  obtiiined  by  the  first  pro- 
cess. This  bromo-derivative  has  already  been  prepared  by  this  latter 
method  by  Wallach  (AniHdm,  1907,  353,  312). 

OHM«<gg«;^^2>oH*CH(OH)COjH. 
s  s 

This  acid  is  produced  when  the  corresponding  bromo-add  (p.  1081)  ia 
boiled  with  sodium  carbonate  or  dilute  potassium  hydroxide  for  about 
half  an  hour.   The  aUcaUl^e  9olutiQ«  is  extracted  with  ether  to  remove 

N 
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a  trace  of  neutral  oil,  acidifiefl,  and  again  extracted  four  or  five  times. 
The  ethereal  Holution  is  dried  and  evaporated  to  a  small  bulk,  when  the 
bydroxj-acid  soon  separates  ia  colourless,  glistening  plates.  After 
recrystaUisation  from  ether,  the  followiog  results  were  obtained  on 
analysis : 

0*1840  gave  0*4202  00,  and  0*1508  H^O.  0  -  62*3 ;  H  «  91. 
0*1825   „  0*4204  00,  „  01510  H,0.   0-62*8;  H« 9  2. 

C^H^^Gs  requires  0-62*8 ;  H-9-3  per  cent. 

a- Hydroxy -X-niethylcycXQJiejijl A  acetic  acid  melts  at  148°,  and  ig 
sparingly  soluble  in  cold  water,  but  dissolves  somewhat  readily  on 
boiling  and  separates,  when  the  solution  is  allowed  to  cool  slowly,  in 
striated  plates  often  aggregated  in  the  form  of  stars.  The  solution  in 
dilute  sodium  carbonate  is  stable  to  permanganate. 

When  tbe  powdered  acid  is  stirred  with  concentrated  sulphuric  acid, 
carbon  monoxide  soon  begins  to  be  disengaged*  and  the  evolution 
is  rapid  if  the  mixture  is  warmed  at  40^.  If,  as  soon  as  the  decom- 
position baa  ceased,  the  brown  solution  is  diluted  with  water,  a 
pleasant  smelling  oil  separates,  which  is  probably  the  corresponding 
*  aldehyde  (compare  Wallach.  Awnalmh  1906,  347,  346).  At  60—70°, 
tbe  hydrozy-aoid  is  rapidly  decomposed  by  salphurie  add,  sulphur 
dioxide  is  produced,  and  the  solution  becomes  vety  dark  coloured. 

The  stfosr  salt,  G^H^O^Ag,  was  obtained  as  a  chalky  precipitate 
when  silver  nitrate  was  added  to  a  warm  slightly  alkaline  solution  of 
tbe  ammonium  salt.  For  analysis,  tbe  substance  was  dried  first  over 
sulphuric  add  and  then  in  the  water^yven : 

0-3771  gave  0-1460  Ag.    Ag  =  38-7. 

CjjHjjOjAg  requires  Ag  —  38*7  per  cent. 

The  ethereal  mother  liquors  from  the  crystallisation  6f  the  hydroxy- 
add  (see  above)  were  evaporated,  when  a  viscid  oil  remained  which 
soon  crystallised.  After  remaining  in  contact  with  porous  porcelain 
for  a  couple  of  days,  the  residue  was  dissolved  in  hot  water,  digested 
with  animal  charcoal,  and  tbe  colourless  solution  concentrated,  when, 
on  cooling,  a  large  quantity  of  the  same  hydrozy-add  of  melting  point 
148°  separated.  It  was  to  be  ezpected  that,  during  the  bromination  of 
l-methylcytf^hexyM-acetic  acid  and  subsequent  oonverdon  of  the 
bromo*  into  the  hydrozy^und,  two  stereoisomeric  modifications  would 
result,  and  therefore  the  mother  liquom  of  the  two  adds  were  very 
carefully  investigated,  but  in  neither  case  could  any  evidence  of  the 
existence  of  a  second  modification  be  obtained. 
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l-Methylcyclohexylidens-i-acetic  Aeiti, 

In  onr  first  attempts  to  prepare  this  acid,  a  series  of  experimentfl 
were  made  with  the  object  of  elimtoatiDg  hydrogen  bromide  from 
a-bromo-l-niethy]0y«(ohexyl4-aoetio  add  by  means  of  alcoholic  potsoh, 
diethylaniline^  dec.;  bnt  without  suooess.  la  the  case  of  diethyknilinek 
for  example^  a  coosiderable  qmiottty  of  a  yisoid,  neutral  oil  was  formed, 
which  had  an  odour  resembling  that  of  oenanthoL  When,  however* 
the  ester  of  the  bromo4Msid  was  heated  with  diethylaniline,  tiie  reaction 
appeared  to  proceed  normally. 

Ethyl  a-bromomethylcyc/ohexjl  acetate  (35  grams)  was  digested  for 
three  hours  with  fireehly-distilled  diethylaniline  (70  grams),  ears 
beiT)^  taken  that  both  snbstanoes  were  quite  dry.  The  dark 
brown  licjuid  wan  dissolved  in  ether  and  extracted  with  hjdrocbloric 
acid  until  quite  free  from  diethylaniline,  the  ethereal  solution 
was  filtered  from  a  little  tarry  matter,  dried,  and  the  ether 
evaporated.  The  residual  oil  was  then  distilled  under  reduced  pres-  ' 
sure,  when  almost  the  whole  quantity  passed  over  at  156 — 158° 
(100  mm.).  Two  different  preparatioas  gave  the  foliowing  analytical 
results  : 

0  2085  gave  0-551  a  CO,  and  0-1956  H^O.    C  =  721;  H=10-4. 

0-1664    „    0-4416  CO.,  „   0  1542  H.O.    C - 72-3 ;  H- 10-3. 
OuHi^O,  requires  0«  72*5 ;  fi  -  9*9  per  cent. 

Mfl  l-msfA^ydoA^P^uisfts-i-mlate  is  a  colourless  oil,  whidi 
appears  to  distil  under  ordinary  conditions  without  decomposition,  and 
possesses  in  a  marked  degree  the  unpleasant  odour  characteristie  of 
unsaturated  esters.  The  free  and  was  obtained  by  digesting  the 
ester  (16  grams)  with  methyl-alcoholic  potash  (8  grams  KOH),  when 
hydrolysis  took  place  rapidly,  and,  after  a  few  minutes,  water  was 
added  and  the  solution  evaporated  until  quite  free  from  methyl 
alcohol.  The  alkaline  liquid  was  cooled  with  ice  and  acidified  with 
hydrochloric  acid,  when  a  (•rystalline  acid  separated,  which  was 
collected  and  twice  crystallised  from  formic  acid  (D=  I  "22) : 

0-16)  U  gave  0  4142  CO2  and  0-1380  HgO.    C  =  69-8;  H  =  9-4. 

0-1134   „    0-2903  CO.   „  0-0955  HjO.    C  =  69  8  ;  H«9-3. 
CjHj^Oj  requires  G  -  70*1 ;  H  =  9*1  per  cent. 

Obtained  and  purified  in  this  way,  metJiylcyclohexylidene-i-aottic 
ocMi  softens  at  about  63"*,  and  melts  at  about  70^ ;  it  is  readily  soluble 
in  warm  formic  acid,  from  which  it  separates  as  a  satiny,  crystalline 
mass,  somewhat  resembling  bensoic  acid.  It  dissolves  readily  in 
bensene  or  light  petrolenmy  but  is  •Imost  insoluble  in  cold  wnter.  If, 
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iiowteTer,  tlie  aeid  is  boiled  with  a  large  ▼olrnne  of  a  water,  the  filtered 
solution  depoeits  a  Tolaminoiis,  crystalline  mase,  whieh  mate  together 

-   like  cotton  wool.    The  solntion  of  the  acid  in  sodium  carbonate 

decoloriBos  permanganate  rapidly,  even  at  0*^. 

During  the  course  of  this  investigation,  a  considerable  quantity 
(about  20  grams)  of  the  above  acid  was  prepared,  but,  in  spite  of 
repeated  recrystalli Ration  from  various  solvents,  the  melting  point 
was  always  unsatisfactory.  In  order  to  obtain  further  evidence  of 
the  constitution  of  this  acid,  10  grams  were  oxidised  in  dilute  alkaline 
solution  by  ozone,  and, as  soon  as  the  ozone  passed  freely,  the  solution 
was  diluted,  acidified,  and  placed  in  the  ice-chest.  After  a  few  days, 
a  small  quantity  of  a  crystalline  acid  had  separated,  which,  after 
crystallisation  from  formic  acid,  melted  at  T4°,  and  was  found  to 
consist  of  l-methylc^«/ohexyl-4-acetic  acid  : 

0*1240  gave  0  3122  CO,  and  01174  H,0.   C-68'7  i  H»  10*5. 
OgHj^O,  requires  O  -  69  '2 ;  H  - 10-2  per  cent. 

The  quantity  of  this  acid  obtained  was  nearly  half  a  gram,  and  it  is 
therefore  obnons  th%t  redaction  most  have  taken  place  to  some 
e&tent,  probably  daring  the  elimination  of  hydrogen  bromide  from 
ethyl  bromomethylc^c^hezylacetate  by  diethylaniline.  In  spite  of 
the  analytical  data,  the  methylc^ofohexylideneacetie  acid  described 
above  is  evidently  not  a  pure  substance,  and  the  melting  point  given 
must  therefor©  bo  considered  as  quite  unreliable. 

Tlie  principal  product  of  the  oxidation  of  this  acid  by  ozone  is  a 
syrup  readily  soluble  in  water,  and  from  which,  ao  far, it  has  not  been 
foand  possible  to  isolate  anything  crystalline. 

The  authors  wish  to  thank  Messrs.  O.  B.  Stones  and  W.  N. 
Haworth  for  valuable  aaf>istance  in  carrying  out  the  above  ex- 
periments. 

Thb  Univkhsity, 

MAMCitaSTKR. 


ex. — The    Synthesis   and    Constitution    of  Certain 
Pyrand  Saits  Belated  to  Brazilein  and  Haematein. 

By  William  Hbwby  Perk  in,  jun.,  Robeut  Robinson,  and  (in  part) 

Mauiuck  Russell  Tubnkb. 

DOBIHO  the  course  of  synthetical  experiments  made  in  connexion  with 
the  researches  on  the  constitution  of  brazilin  and  hsematozylin  (Trans., 
1908,  93,  490),  we  found  it  necessary  to  study  the  condensation  of 
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aldehydes  with  l-hydrindoBee,  and  the  reenlts  ot  the  first  part  of  this 
investigation  have  heen  puhliahed  (Trans.,  1907,  91,  1073).  Most  of 
these  oondensations  were  osrried  out  in  the  presence  of  i^kali ;  thus, 
for    example,    /y-methozysalieylaldehjrde    and    5 : 6-dimethozy-l- 

hydrindone  condense  in  the  presence  of  methyl-alcoholic  potash  to 
form  2'-hydroxy-4' :  5  :  6-trimeLhoxy  2-benzylidene-l-hydrindoue, 

MeO/NoH  OO-./NoMe 

oh:o'OH, 

In  the  case  of  condensations  with  ^^resoroylaldehyde,  it  was  found 
impossible  to  employ  alkali,  and  hydrogen  chloride  was  used  instead ; 
thns,  for  example,  ^-resorcylaldehjde  and  l-hydrindone  condense  in 
the  presence  of  hydrogen  chloride  in  glacinl  acetic  acid  to  form 
2' :  4'-dihydrozy-2*ben8yHdene-I-bydrindone  hydrochloride  (Ute,  cii., 
1092),  which,  on  decomposition  with  water,  yields  the  unsaturated 
ketone, 

CHIU-OH, 

In  oiu»  oxpt'iiment,  not  described  in  the  previous  paper,  we  eiuployetl 
alcoholic  iijilrogcn  chloride  instead  of  the  glacial  acetic  acid  solution, 
and  found  that  the  result  was  entirely  different,  since  the  product  did 
not  deposit  crystals,  and  when  diluted  with  water  gave  a  clear  liquid, 
from  which,  after  some  hours,  a  quantity  of  orange  crystals 
separated. 

Jn  endeavouring  to  understand  this  difference  in  hehaviour,  we 
wm  struck  with  the  similarity  in  appearance  and  properties  of  these 
orange  crystals  with  the  substance  which  BUlow  and  Sicherer  {Ber., 
1901,  34,  3890)  obtained  by  the  interaction  of  resorcinol  and  benzoyl- 
acetaldehyde  in  presence  of  hydrochloric  acid.  Billow  and  Sicherer 
formulate  this  process  thus  :  • 


H  CI 


Y 

UH'OH 
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and  ibe  prodaei  is  7-liydroxy-2-phenylbeDzopjrano](l  :  4)  hydro- 
chloride. It  is  an  oraoge,  crystalline  substance,  und  its  other  proper^ 
ties  correspond  almost  ezaetly  with  those  of  our  orange  crystals. 

These  and  other  considerations  suggested  to  us  that  iu  our  experiments 

albO  a  pyranol  derivative  had  probably  becD  produced,  uamely, 
7-hydroxy-2  :  3  indenobeuzopyrano](l  :  4)  hydrochloride,  a  substance 
which  we  Uiay,  in  the  meantime,  represent  as  being  formed  according 
to  the  scheme : 

HO/NOH    ^  CO  .        no/\|OII  CO  

0H«  CH(OU)  UH, 

H  CI 

\/ 

O 


CH(Oli)  CH,  . 

Such  a  process  as  this  is,  of  course^  unusual,  since  elimination  of 
water  from  an  aldol  grouping  generally  takes  place  in  such  a  way  that 
>CH(OH)-OH<  becomes  •0H:C<.  In  order  to  determine  whether 
such  a  change  as  that  represented  above  can  actually  take  place,  we 

investigated  the  condensation  of  )3-resorcylaldehyde  with  acetophenone 
under  tho  same  conditions,  since,  if  the  process  proceeded  in  the  same 
way  in  this  case  also,  the  product  would  be  the  pyranol  salt  obtained 
by  iiiilow  and  Sicherer,  and  this  we  found  was  the  case. 

This  fact  was  published  in  a  preliminiry  oommuuication  (Proc, 
1907,  23,  149),  and  shortly  afterwards  Decker  and  von  Fellenberg 
{Ber.y  1907,  40,  3815)  investigated  this  and  ot  iier  aiuilogous  cases  with 
the  same  results.  It  is  cle\r  that  this  important  method  of  formation 
of  pyranols  is  a  general  one.  The  aldehyde  condenses  with  the 
ketone  to  yield  an  aldol,  which,  under  the  influence  of  hydrogen 
chloride,  undergoes  intramolecular  change  with  formation  of  the 
pyranol  hydrochloride.  We  have  investigated  several  cases  of  this 
kind,  and  the  results  are  described  in  detail  in  the  experimental  part 
of  this  research. 

While  engaged  in  this  investigatioo,  we  became  greatly  interested 
in  the  problem  of  the  mechanism  of  the  formation  of  these  pyranols, 
and  this  led  us  to  examine  the  formation  and  composition  of  a  variety 
of  salts,  many  of  which  are  highly  interesting.  The  diflBcult  problem 
in  connexion  with  these  salts  is  to  decide  how  much  water  they  contain 
as  water  of  crystallisation.  In  illustration  of  this  important  point, 
we  may  take  the  case  of  7-hydroxy-2  phenylbeosopyranol(l :  1)  hydro- 
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cbloride  ({i.  1098).  The  oompoeition  of  tbls  sobetoooe  eomepoiide  with 
the  formula 

Ha 

O 


HO 


All  the  hydroohlorides  demribed  is  this  eommiinication  ooald  be 
built  up  on  this  type,  except  that  in  some  cases,  as,  for  example, 
in  the  case  of  7-hydroxy-2 :  S-indeoobeasopyranol  (1 : 4)  hjdrochloi'ide 
(p.  1100),  the  salt  contains  water  of  crystallisation  as  well  The 
question,  howewy  arises  whether  the  abo^e  formula  reaUy  represents 
the  constitution  of  the  hydrochloride,  or  whether  it  should  be  written 

CI 
O 

In  olher  words,  does  iho  production  of  the  oxouium  salt  from  the 
pyranol  and  hydrochloric  acid  iuvolve  the  elimination  of  water,  and  are 
these  salts,  in  reality,  anhydrohi/drocMorides  1 

Decker  (Annalen,  1907,  356,  302)  considers  that  this  is  the  case, 
and  he  proposed  the  formula 

CI 

o 


OH 

for  the  pyranol  anhydrohydrochloride,  which  we  have  taken  as  the 
example. 

Our  view  differs  from  that  of  Decker,  in  that  we  consider  that  the 
anhydropyranol  salts  must  be  represented  as  o^aioonmd,  tiiat  is  to 
say,  that  we  represent  the  anhydrohydrochloride  in  question  as 
the  constitntion 

CI 

o 


A  /CH 


CH 

and  the  reasons  for  this  view  are  given  later  (p.  lOdO). 
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The  evideiioe  at  preeenfe  available  is  not  sufficient  to  make  it  possible 
to  decide  definitelj  that  the  pyranol  hydrochlorides  are  anhydro-saltSy 
but,  AS  there  are  many  oonsiderations  which  favour  this  view,  we  shall, 
in  tiie  following  pagesy  represent  them  as  such. 

The  colour  of  the  salts  is  not  very  much  affected,  for  example,  when 
the  anhydiohydrochlorides  are  converted  into  double  salts,  which  are 
tinquestionably  anhydro-salts,  and  this  certainly  denotes  similarity  in 
Btrnctuie.  In  order  to  obtain  as  much  evidence  as  possible  bearing  on 
this-  point,  a  large  number  of  the  double  salts  of  the  pyranol  anhydro. 
hydrochlorides  with  platinic  chloride,  ferric  chloride,  and,  in  a  few 
cases  also,  with  gold  chloride  havo  beon  prepared  and  analysed.  The 
plaliniehloricUa  are  precipitited  froui  solutions  of  the  anhydro- 
hydrochlorides  by  platinic  chloride,  and,  after  drying  over  sulphuric 
acid  in  a  vacuum,  have  the  couipohitiou  (pyranol, HCl)2PtCl4.  If, 
however,  these  salts  are  recry stall ised  from  dilute  hydrochloric  acid, 
they  lose  water,  and  have  the  composition  (pyranol, HCl~H20)2PtCl^. 
The  recrystallised  platinichloride  of  7-hydroxy-2 -phony Ibenzopyranol 
(1:4)    is    undoubtedly   an   anhydro-salt    of    the    formula  (I), 


0  1  10 


H0/\<^\c.CeHJ  PtCl,  H0/Y^fl'^«^^ 

OH  CHOH 
(L)      •  (U.) 


PtCl^  . 


but  the  salt  containing  water  may  either  have  the  constitution  (11)  or 
be  simply  the  anhydro-salt  plus  water  of  crystallisation. 

All  th»./0riohhriiih$  which  we  have  prepared  are  derivatives  of  the 
anhydrohydroohloride ;  thus,  for  example,  the  anhydroferri chloride  of 
2 :3-indenobenzopyranol  (1 :  4)  is  represented  by  the  formula 


These  facts,  and  other  evidence  which  has  gradually  accumulated,  are 
clearly  strongly  in  favour  of  the  proposition  that  the  pyranol  salts  are 
formed  with  elimination  of  water,  and  are,  in  fact,  anhydro  salts. 

If  this  is  the  case,  the  question  now  arises  whether  Decker's  view  of 
their  constitution  or  our  view  is  correct  (p.  lOdS).  There  seems  to  be 
no  reason  why  substances  having  the  constitution  suggested  by  Docker 
should  be  strongly  coloured.  The  linkings  in  his  skeleton  formula  (III) 
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are  iu  a  similar  posiiion  to  those  in  unphthaleiie  Mid  in  quinollM^  and 
ihese  sabstancw  do  not  yield  coloured  componnds  unless,  of  oouraet 
Mune  ehromophore  be  introdiioed.  The  ejetem  (IV)  whieh  we  have 

CI  01 

(in.)  (iv.) 

advocated  contains,  on  the  other  hand,  an  o-qiiinonoid  structure,  and 
might  for  this  reason  be  expected  to  yield  strongly  coloured  derivatives. 

"Werner,  in  a  very  interesting  and  important  paper  (Ber.,  1901,  34, 
3803),  has  shown  thiit  xanthhydro),  and  especially  Lajditliaxanth- 
hydrol,  dissolve  in  acids  with  the  formation  of  coloured  oxonium  salts. 

If  now  the  formula  of  an  indenobenzopyranol,  for  example, 
2  :3-indenobenzopjianol(l:  4)  (V)  be  compared  with  that  of  pheno- 

0 


C- 

1 1       .      .  .  . 

CH-OH  GHj  CH-OH 
(V.)         ^  <VI.) 

1  :  2-naithlliax:inthhydrol  (VI),  it  will  be  seen  that  the  groups  essential 
to  our  argument  are  the  same  in  both  cases.  The  anhydroferrichloride 
of  naphthaxinthhydrol  is  exactly  similar  to  that  of  indenobenzo- 
pyranol, since  both  crystallise  well  from  acetic  acid,  are  highly  coloured, 
and  have  the  composition  of  anhydro-salts.  But  the  anhydroferri- 
chloride of  naphthaxanthhydroi  can  only  be  (M^uinonoid,  whether  it 
be  represented  by  the  formula 

FeCl^ 
O 


OH 


or  with  the  double  Unkings  arranged  in  connexion  with  the  naphtha- 
lene nucleus.  Since,  thuu,  such  an  arrangement  is  associated  with 
highly  coloured  salts,  we  consider  that  this,  although  iiuHrect,  is 
strong  evidence  in  favour  of  our  view  that  the  anhydropyrauoi  6&iu 
have  an  o-quiuonoid  Htructure. 

The  next  important  step  in  connexion  with  the  problem  of  the 
mechanism  of  the  formation  of  anhydropyranol  salts  was  the  observa- 
tion which  wo  h  ive  made  that  the  unsaturated  ketones  can  be  readily 
oonTerted  into  anhydropyxanol  saite  by  the  action  of  hydroohlaric 
\ 
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acid.  When,  for  example,  2' :  4'-dihydroxy-2-benzylideLe-l-bydr- 
indone  (Traus.,  1907,  91,  1093)  is  boiled  with  hydrocliloric  acid,  it  is 
couvei  ted  into  7-hydroxy-2  :  3-iudenobeiuopyraiiol  (1  :  4)  anhydrohydro- 
cbloride : 


that  is  to  say,  into  the  substance  which  is  obtained  by  tbe  condensation 

of  )3-resorcylaklehyde  and  l-bydrindone  in  presence  of  hydrochloric 
acid.  It  miglit  be  urged  that  the  intermediate  aldol  condensation 
product : 

H0/\)H  00  / 


doubtless  formed  in  this  latter  condensation,  is  next  eonyerted  into 

the  unsaturated  ketone  hydrochloride,  and  that  this  then  yields  the 
anhydropyranol  salt  owing  to  the  continued  action  of  the  hydrochloric 
acid,  in  which  case  the  t'A'o  methods  of  for  mation  would  be  ideutical. 
This  view  does  not,  however,  appear  to  bo  the  correct  one,  because  the 
unsaturated  ketone  hydrochloride  is  a  deep  red  substance  and  changes 
into  the  anhydropyranol  salt  only  gradually,  whereas  the  condensation 
between  ^-resorcylaldehyde  and  l-hydriLdone  is  very  rapid,  and  there 
is  no  appeararjce  of  an  intermtdiate  red  substance  being  formed. 
These  observations  could  always  be  made  during  th--^  many  condensa- 
tions of  a  similar  character  which  we  have  investigated,  and  the 
difference  between  the  slow  rate  of  the  formation  of  the  pyranol 
anhydrohydrociilorido  from  the  unsaturated  ketone  and  its  rapid 
formation  by  the  condensation  of  the  aldehyde  and  ketone  is  especially 
marked  in  the  case  of  the  synthesis  of  4' :  5' :  7-trimethozy-2  :  S-indeno- 
bensopyranol  (1  :4)  anhydrohydrochloride  (p.  1106). 

We  next  found  that  the  unsaturated  ketones  can  be  regenerated 
from  the  pyranol  salts  by  the  action  of  alkali. 

Thus  4' :  5'-dimethozy-2 :3-indenobenzopyranol  (I  :4)  anhydrohydro- 
chloride (p.  1 103),  on  treatment  with  alcoholic  potashi  yielcb  2'-hydrozy- 
6 : 6-dimethoz7-2-bensylidene-l*hydrindone : 

01 
O 

\^\C  /\)Uq  — >-    /Noil  CO  /NoMe. 


OH    OH3  Gfl 
VOL.  JLCIIL  4  C 
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This  change  requires  some  explanation.  The  first  product  is  the 
pseudo-base,  or,  in  other  word:s,  the  pjranol  *  : 


This  substance  is  then  hjdroljsed  and  lou verted  into  I,  which, 


'OH 


H  H<)*j::j — J 

OH, 

CH*OH 

(1.) 

in  its  tautomeric  form,  II,  loses  water  in  the  presence  of  alkali, 
with  formation  of  the  pota»8iaui  salt  of  the  unsaturated  ketone. 

During  the  course  of  our  experiments,  we  have  obtained  further 
evidence  of  considerable  interest  bearing,  not  only  on  several  of  the 
questions  already  discussed,  but,  more  particularly,  on  the  mechanism 
of  the  formation  of  anhydropyranol  hydrochlorides  from  unsaturated 
ketones.    Our  experiments  show  that  when  a  pyranol  is  made  from 

*  In  Um  solieiiw  givtn  abeve,  we  bsve  npreaflntad  the  pynool  pMndo-bue  in  the 

luual  manner,  but  thin  an  rauoiu  for  doubting  whether  this  formula  is  the  correct 
one.  It  does  not«  for  example,  accotmt  for  the  intense  coloor  characteristic  especially 
of  the  hydroortfpyrannt  hases.  The  first  product  of  the  action  of  alkali  on  aaoh  a 
salt  a^  7-hydroxy*2-pheiiylbeu2opyranol  (1 : 4}  anhjdrohydrochloride, 

CI 
O 


Is  probably  the  oxoniom  hydroxide  (I),  which  might  well  he  converted  by  isomeric 
ehanga  into  the  expression  (II),  and  thia,  not  impiobablj,  represeata  the  traeeonalita- 

OH  OH 

O  10 

(I.)  01.) 

tion  of  the  pjnanol  pseadO'base.  This  formola  contains  an  o-quinouoid  grouping  and 
aeooonta  well  for  the  coloured  natore  and  other  properties  of  the  pyranols.  This  scheme 

also  soems  to  be  of  wide  application,  not  only  to  the  pyranol-s,  but  also  to  other 
coloured  pseudc -bases.  The  colour  of  ail  substances  of  tliis  class  is  influenced  and 
intensified  in  a  marked  degree  by  the  pixiicncc  of  (auxochromic)  hydroxy-groups  in 
the  o-quinonoid  nucleusi  whereas  hydroxy-groups  in  the  otiier  nnelaot  exeniae  UCtle 
Infloenoe  on  the  colour. 
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unsaturated  ketone  by  the  action  of  hydrochloric  acid,  the  first 
step  is  the  production  of  a  ketone  hydrochloride,  which  by  the 
farther  acttOD  of  hydrochloric  acid  is  eonverted  into  a  dichlortde. 

2-H7drozybeii2ylidene-2' :  4'-dimethoxyac6tophenoney*  for  •  example, 
yields  a  fed,  eryataUioe  hydrochloride  when  its  solution  in  glacial 
aoetie  aoid  is  saturated  with  hydrogen  chloride,  and  this  hydro- 
chloride is  resdily  deoomposed  by  water  into  the  ketone  and 
hydrochloric  acid.  When  this  red  salt  is  warmed  in  acetic  add 
solution  at  6U^  the  oolonr  becomes  orange-red,  a  change  which 
is  due^  as  will  be  directly  explained,  to  the  formation  of  an  ozoninm 
salt. 

If,  in  the  above  ezperimenti  ordinary  concentrated  hydrochloric 

acid  is  employed,  the  same  red  substance  is  obtained,  and,  on  warming, 
this  dissolves  with  formation  of  an  orange  solution,  troiu  which  a  rod, 
crystalline  substance  tiepanites  on  cooling.  This  subataiic©  has  the 
composition  C'j-Hj^.03Cl2i2H20,  and,  when  treated  with  water,  the 
extra  clilorine  atom  is  removed  with  the  formation  of  the  anhydro- 
pyranol  hydrochloride.  Other  unsaturated  ketones  exhibit  an  exactly 
similar  behaviour  under  the  above  conditions,  and  we  are  of  opinion 
that  these  iuterestiog  changes  are  to  be  explained  in  the  following 
way : 

CI 

Bed  bydrocliloride. 
H  CI 


CI  O  01 0 

Oxonium  base  of  dichloride.  Dfcliloride. 

In  examining  this  series  of  changes,  it  will  be  convenient,  in  the 
first  place,  to  discuss  the  constitution  of  the  ketone  hydrochlorides, 
and,  in  attempting  this  difficult  problem,  one  fact  must  especially 
be  kept  in  view,  namely,  that  the  hydrochloride  must  be  so  formulated 
aa  to  be  capable  of  losing  water  with  the  formation  of  a  closed  oxygen 
ring.   There  are  six  formulas  which  appeir  to  satisfy  this  condition : 

/NOH   HO-C*R  (^P^  HO-Sk 

\/\cHCi^^  \/\.cnA 

CL)  (IL) 

^  ^  l5?gitized  by  Googfe 
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CI  CI 
/NoH  Ho:OR  /\:6-HH0  C  R 


(III.)  (IV.) 

CI 


OMe 


(V.)  (VI.) 

Against  I,  II,  and  III  it  may  be  urged  that  the  chromophoric 
grouping  contained  in  either  of  these  is  not  sufficient  to  account  for 
the  striking  red  colour  of  the  salts  of  the  unsaturated  ketone. 

Probably  III  would  bo  the  most  highly  coloured,  but  hardly  more 
80  than  the  unsaturated  ketone  from  which  it  is  derived. 

Formula  VI  can  hardly  be  oorreet,  because  it  is  well  known  that 
the  second  aromatic  nucleas  ie  not  essential  to  the  formation  of 
ooloured  salts.  Thus  dibensylideneacetone  forms  coloured  salts  with 
mineral  acids,  and  the  same  is  true  of  anisylideneaoetone. 

Formuls  lY  and  Y  both  eachibit  an  o-qninonoid  structure,  and  may 
therefore  well  explain  the  deep  edoor  of  the  salts  of  unsaturated 
ketones.  It  is  diSicnlt  to  decide  between  these  two  formula,  and, 
before  attempting  to  do  so^  we  propose  to  consider  whether  the 
arguments  which  have  so  frequently  been  urged  agftinst  the 
o-quinonoid  structure  for  coloured  substances  are  to  be  accepted. 

There  are  several  classes  of  substances  the  salts  of  which  have  been 
recognised  as  probably  being  carbonium  or  ozonium  componnda 
Thus  Fox  and  Hewitt  (Trans.,  1908,  93,  337)  assign  formula  such  as 

c,h,.nh.n:<^:o<^^ 

to  the  hydrochlorides  of  bydroxyazo-compounds.  Rosaniliue  salts  aro 
considered  by  Baker  (Trans.,  1907,  91,  1499)  to  be  carbonium  salts 
derived  from  the  scheme 

But  it  is  especially  the  non- nitrogenous  derivatives  of  triphenyl- 
carbinol  which  have  been  most  completely  investigated  from  this 
point  of  view,  and  the  evidence  which  has  accumulated  certainly 
seems  to  prove  that  the  triphenylcarbinol  salts  are  not  /)-quinoaoid 
in  structure.  Baeyer  (Ser,,  1907,  40,  3083)  and  also  Tscbitschibabin 
(£er.,  1907,  40,  3966)  have  investigated  tri-i^Hihlorophenylcarbinol, 
and  they  find  that  its  bydrobromide  and  sulphate  do  not  loee  ohlorinv 
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when  treated  with  silver  nitrate  or  other  similar  reagents.  This 

behaviour  clearly  proves  that  tlie  hydrobromide  of  tri-p-chlorophenyl- 
carbinol  canuot  be  represented  by  the  ^p-quinonoid  formula  (1). 

(I.)  (II.) 

This  and  all  other  similar  argumento  which  have,  so  far,  been 
brought  forward  do  not,  however,  In  our  opinion  hold  against  the 
o-quinonmd  structure  (II). 

Baeyer  and  Yilliger  (^dtto«A.  angew.  Chem.,  1906,  19,  1287)  have 
suggested  an  o-qninonoid  etnictare  for  the  salts  of  o-hydrozy  triphenjl* 
oarbinol,  but  afterwards  rejected  it.  This  snbstanoe  dissolyes  in  aoeto- 
snlphnrie  acid  with  the  formation  of  an  intensely  red  salt^  but 
no  indication  of  the  intermediate  formation  of  a  quinone  eould  be 
observed  when  the  salt  was  decomposed  by  water.  Baeyer  and 
TilUger  conclude  that  this  behaviour  is  a  clear  proof  that  the  red 
salt  cannot  have  the  constitution : 

■ 

It  seems  to  us,  however,  that  it  is  very  doubtful  whether  a  salt  of  > 
this  formula  would  give  a  yellow  quinone  when  decomposed  by  water, 
and  even  if  it  did,  the  yellow  quinono  miglit  bo  very  unstable  and 
immediately  pass  into  the  colourless  carbinol,  and  thus  escape 
detection.  As  far,  therefore,  as  we  are  able  to  judge,  there  are  no 
sound  reasons  against  ascribing  an  o-quinonoid  structure  to  the 
f-alts  of  triphenylcarbinol  or  diben7>ylideaeacetone,  and,  indeed,  there 
seems  every  reason  to  believe  that  both  o-  and  />-quiiu)noid  structure 
roust  bo  accepted  in  explanation  of  colour  or  the  formation  of 
coloured  salts.*  As  the  result  of  these  and  other  considerations, 
we  are  strongly  inclined  to  the  opinion  that  o-quinonoid  structure 
is  probably  the  reason  for  the  colour  of  the  salts  of  unsaturated 

*  In  the  esse  of  the  salts  of  some  nnsatarated  oompoimd^  the  stmctme  well 
be  j^^atnonoid.  Thus  the  salphste  of  iMsafrole  may,  not  improbably,  have  the 
fonnak  (I),  and  the  coloured  hydrochloride  of  the  eoireepondiDg  aldehyde  may  have 
theoon8titatioa(II): 

0  O 

'^:CH-OH 


C^\/^.CH-OH,-CH.  C^^l 

\/\/  \/\/ 

o  o 

HSO4  a 

(I.)  (II.) 


Digitized  by  Google 


1096    PBBKIN,  ROBINflON,  AND  TDBNBB :  THE  8T1ITHI8I8  AND 


ketoDMb  Md  we  tbMfofe  Mleoted  foniiul^  IT  and  Y  as  tlie  only 
poMilile  ttpntiioiis  for  tho  bydioehloridM. 

C9  CI 
HO-C-R 


O:oii 


OH  HO-C  R 


CH— /  V  "^CH- 

(IV.)  (V.) 

When  water  is  elimmated  from  these  ezpressionfly  we  Arriye  at 
the  formula 

CI 

O  CIO 
CEL  OH 

(TO.)  (vin.) 

for  the  hase  of  the  dichloride,  and  from  these  the  structure  of  the 
diddorido  itself  is  obtained  by  the  addition  of  hydrogen  chloride. 
In  the  CAse  of  VIII,  this  formation  of  the  oxonium  salt  is  simply 
due  to  tlie  addition  of  hydrogen  chloride  to  the  oxjgen  atom  in 
the  usual  manner : 

H  01 

H  CI 

\/  f 
CIO  0 

(IX.)  (X.) 
bat  in  the  oaee  of  Til  the  hTdroehloride  mutt  be  formed  bj  the 
addition  of  hjdmgen  ehloride  to  the  ehlorine  atom,  which  thus  beoomes 
tecralent.   It  is  not  poedble  to  dedde  definitely,  at  present,  between 

these  two  formulie,  and  it  would,  indeed,  be  difficult  to  suggest  a  line  of 
experimental  inquiry  which  could  distinguish  between  two  such 
expressions.  Several  considerations  which  have  been  indicated  in  the 
foregoing  pages  seem  to  us  to  point  rather  to  TX  as  the  correct 
expre<<:ion,  and  we  have  therefore  adopted  formulae  based  on  thia  in 
tlie  present  paper. 

Many  interc-iting  considerations  arise  from  the  study  of  the 
mechanism  of  the  formation  of  the  pjranol  anhydro-salts,  and  there 
is  one  point  to  which  we  should  like  to  direct  special  attention  in  the 
present  communication.  The  selection  of  IX  as  the  formula  for  the 
dichloride  doee  not  detinitely  decide  whether  IV  or  V  (p.  1096) 
repreeente  the  unsaturated  ketone  hydrochloride^  bat  it  is  obyioaa  that 
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IT  is  tlie  more  pcobabla  If  this  formu]*  b«  compared  with  ihfti  of 
the  unsaturated  ketone : 

CI 

>0H  ./\|0H 


;h:ch<!0*r  \/^ch-ch:c(oh)-r 

the  addition  of  hydrofjon  and  chlorine  in  the  formation  of  the 
hydrochloride  appears,  at  first  sight,  to  be  unusual.  This  difficulty, 
hov^ever,  at  once  disappears  when  the  change  is  compared  with  that 
which  is  so  well  known  to  take  place  in  systems  containing  conjugated 
doable  Unkings.  In  the  case  under  discussion,  the  system 

•0(OH):(j:  cH:cH.(j7:o 

B 

becomes 

a*o(OH)^c:oH'CH:9-OH, 

R 

that  is  to  say,  the  addition  of  hydrogen  chloride  takes  place  at  the 
extreme  ends  of  a  system  of  three  double  linkings.  In  considering 
this  case  and  the  analogous  case  of  substances  which  contain  two 
conjugated  double  lin kings,  it  has  occurred  to  us  that  the  theory  of 
partial  valency  worked  out  by  Thiele  is  unnecessarily  complicated,  and 
this  led  us  to  devise  the  following  simple  explanation,  which  is  based 
on  the  usual  spacial  conceptions. 

:  If  in  the  case  R'0H:GH*CH:GH*R  we  write  free  valencies  in  the 
place  of  the  double  linkings  and  adopt  the  '*Spannung8  Theorie"  of 
Baeyer,  we  obtain  the  scheme 

\  / 

CH-<JH 

E-dH      ^H-R , 

\  / 

and  it  is  now  only  necessary  to  assume  that  the  addition  of  two  atoms 
of  bromine,  for  example,  takes  place  to  the  free  valencies  which  are 
closest  together  or  can  be  brought  together  with  the  least  strain,  and 
we  obtain  as  the  additive  product 

/  \ 
R-CH        CH-R  , 

\  / 
Br  Br 

and  if  we  employ  the  ordinary  method  of  expression  this  become^ 

R«CUBr-qH;OH-CHBrR. 
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When  this  method  of  representation  is  applied  to  the  case  of  the 
unsaturated  ketone,  its  formula 

I 

and  the  addition  of  hydrogen  chloride  again  takes  place  to  those  free 
valencies  which  approximate  most  closely  to  one  another,  and  leads  to 
the  formula  (I)  for  the  hydrochloride,  which,  expressed  ia  the 

(I.)  (II.) 

ordinary  way,  becomes  (II).  We  have  satisfied  ourselves  that  other 
changes,  due  to  the  addition  of  halogens,  halogen  acids,  *i:c.,  to 
systems  of  conjugated  double  linkings,  may  be  equally  well  explained 
in  this  simple  manner. 

EXPEEIMENTAL. 

CI 

ClI 

This  substance  is  readily  obtained  when  acetophonone  (5  grams) 
and  /3-resorcylaldehyde  (5  grams)  are  dissolved  in  glacial  aoetio  aeid 
(25  e.c.)  and  a  slow  stream  of  hydrogen  chloride  i«  passed  into  the 
cooled  solution.  The  liquid  becomes  yellow  and  then  red,  and,  in  » 
few  hours,  otange-yellow  crystals  separate.  Alter  standing  overnight^ 
these  are  collected,  washed  with  acetic  add,  and  reerystallised  from 
Tory  dilute  hydrochloric  acid. 

This  hydrochloride  is  identical  with  that  obtained  by  Billow  and 
Sicherer  (jBer.,  1901,  34,  3889)  by  the  condensation  of  reaoroiiKd 
with  benaoylaoetaldehyde  in  the  presence  of  hydrochloric  acid,  a  fact 
which  was  proved  by  direct  comparison  of  samples  of  this  substance 
obtained  by  the  two  processes  *  and  by  the  following  analysis  : 

•  Biilowr  and  Sichercr  state  that  this  hyJro<:hlori«le  melts  at  152 — 153',  but  all 
tha  spocimens  we  prepared  Uarkoucd  ut  about  this  tompemturo  without  exhibiting  a 
definite  melting  point* 
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0-1717  gave  0-0896  AgCl.    CI  =  1-2-7. 

C^jiHi208,HCl  requires  CI  =  12  7  per  cent. 

The  orange-red  pkuinichloride  was  also  prepared  and  analysed : 

0*1889  gave  0  0412  Pt.   Ft^n  S. 

(C„H^|0,Cl),PtCa4,2lff2^  requires  Ft «  21 7  per  cent 

When  this  salt  is  crystallised  from  formic  acid,  in  which  it  is 
Fparingly  solnble,  it  is  obtained  in  deep  orange  crystals,  which,  after 
drying  at  100^  gave  on  analysis : 

0-2150  gave  0  0492  Pt.    Tb^iiii  9. 

(C,^H„02Cl)jPtCl4  requires  Pt  =  22-8  per  cent. 

This  interesting  result  shows  that  this  platinichloride  exists 
in  two  modi^cations,  and,  after  crystallisation,  is  the  anhydro- 
compound. 

It  is  doubtful  whether  the  substance  which  Billow  and  Sicherer 
(/oOi  eit.,  p.  3895)  obtained  by  methylating  the  above  pyranol  is  a  true 
7-methyl  ether,  because  their  product  did  not  fluoresce  inooncentrated 
snlpharic  acid  solution.  7-Methoxy-2-phenylbenzopyranol(l  :  4), 
prepared  from  acetophenone  and  j»-metboxysalioylaldehyde,  shows  in 
snlpharic  acid  solution  a  very  intense,  bluish-green  fluorescence^  which 
is  not  destroyed  by  dilution  with  water. 

• 

2  :  Z'Indenohenzopyranol {\  :  4)  Aiiltydro/en-icfUoride, 

FeCl^ 

In  order  to  prepare  this  substance,  2  grams  of  2'-hydroxybonzylidone- 
a-hydrindone  (Trans.,  1907,  91,  1087)  are  dissolved  in  alcohol 
(50  c.c),  and  concentrated  hydrochloric  acid  (25  c.c.)  is  then  added  to 
the  boiling  solution.  The  licjuid  is  then  boiled  for  ten  minutes 
and  diluted  with  an  equal  volume  of  water.  The  substance  is  now 
present  as  an  oxonium  salt  (compare  p.  1090),  and  therefore  no 
separation  occurs. 

On  the  addition  of  ferric  chloride,  a  voluminous,  yellow  precipitate 
is  obtained,  which  is  collected  and  crystallised  from  glacial  acetic  add. 
It  is  moderately  soluble  in  the  hut  solvent,  but  very  sparingly  so  in  the 
oold.  After  drying  at  100^,  the  bright  yellow,  glistening  plates  gave, 
on  analysis,  the  following  results : 

01821  gave  0-2063  00,  and  0*0297  H,0.   0-461 ;  H-2-7. 

OieHiAFeCl^  requires  G»46'0 ;  H»2*6  per  cent. 
This  anJiydro/erric  salt  is  somewhat  soluble  in  water,  but  very 
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•pariDgly  ao  in  water  eontaioing  hydioelilorio  aflid.  It  vMm, 
apparently  withcrat  deoompoaition,  at  175^  When  this  salt  or  a  drop 
of  the  ozonium  aolntion  is  dissolved  in  snlphnrie  aeid«  the  solution 
shows  a  splendid  bine  finoresoence. 

The  platinichloride. — When  platinic  chloride  is  added  to  theoxonium 
solution,  obtaiiioJ  ;l.s  described  above,  orange-yellow  crystals  gradually 
separate,  and  may  bo  recrystallised  from  hot  formic  acid,  in  which  the 
platinichloride  is  only  moderately  soluble. 

The  orange  prisms,  after  drying  at  100°,  gave  on  analysis  : 

0-1281  gave  0  2129  CO,  and  0-0310  H,0.    C  =  45-3;  H-2-7. 
(CieHj|0ai)^tGJ4  requires  C=»45'4;  per  cent. 

1'UydroQijf-2  :  Z^mlmobenzopyraiuA  (1:4)  AnhydrokydroMmdt, 

01 

0 

This  substance  is  obtained  by  the  condensation  of  ^S-rosorcyl- 
aldehyde  with  a-hydrindone  in  the  presence  of  hydrogen  chloride. 

o-Hydriudoiio  (2  grams)  and  /J-resorcylaldehyde  (2  grams)  are 
dissolved  in  methyl  alcohol  (30  c.c),  and  hydrogen  chloride  is  passed 
sufficiently  rapidly  to  raise  the  solution  to  the  boiling  point.  The 
liquid  becomes  dark  reddish-orange,  and  acquires  a  green  fluorescence. 
After  half  an  hour,  the  product  is  poured  into  hot  dilute  hydrochloric 
acid  (200  cc),  rapidly  filtered,  and  the  filtrate  allowed  to  oool 
slowly,  when  brownish-orange  groups  of  crystals  separate.  The  crystals 
(3*5  grams)  are  collected  and  recrystallised  from  hot  dilute  methyl 
alcohol  ccmtaining  hydrochloric  acid,  when  browmbh-orange,  glistening 
prisms  are  obtained.  After  being  dried  o?er  sulphurio  add  in  a 
▼acuum  deeiocator : 

O-l  190  gave  0*2690  00,  and  0*0694  H,0.   0  -  69*6 ;  H  -  6-2. 

0*2142   „   0O946AgOl.  01-10*8. 

C,oH,i0.p.3H,0  requires  0-64l'3;  H-6*2;  a -10*8  per  cent. 

The  constitution  of  this  pyranol  hydrochloride  is  proved  hy  t>'e  fact 
that  it  IS  formed  when  a  stream  of  liydrog^nn  chloride  is  parsed  through 
a  solution  of  2'  :  4'  diliydroxy-2-benzyhdeue-l-hydrind'>ne  (Trans., 
1907,  91,  l'i92)  in  metnyl  alcohol  (50  c.c.)  for  one  hour.  After 
dilution  with  an  equal  volume  of  hot  water,  the  liquid  was  filt<»recl 
rapidly  and  allowed  to  cm>o1  slowly,  when  the  pyranol  hydrochloride 
gepinited  in  brownitih-orange  i-ry^Uils,  aud  wa>  ide'iticd  in  all  res  poets 
with  the  Bpeciiuen  prepared  by  tiie  process  fir^t  described  aboYC  : 

0  2a40  gave  O  iOlO  AgOl.    01- 10*6. 


IW 
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These  analyBes  prove  that  this  pjranol  hydrochloride  crystallieeB 

with  three  molecules  of  water.  In  its  properties  it  is  very  similar  to  the 
hydrochloride  of  7-hydroxy-2-phonylbenzopyranol  (1  :  4),  and  shares 
with  that  substance  and  with  all  the  pyranol  hydrochlorides  described 
in  this  papei,  the  property,  in  a  finely-divided  state,  of  causing  violent 
sneezing.  It  dissolves  in  sulphuric  acid  with  a  very  beautiful  bluish- 
green  fluorescence,  which  is  bluer  than  that  exhibite<l  by  its  methoxy- 
derivative  (p.  1102).  The  solution  of  tho  hydrochloride  in  a  little 
wator  is  yellow,  but  dilution  causes  the  colour  to  hocoino  red,  showing 
that  dissociation  into  the  base  and  hydrochloric  acid  has  commenced. 
The  adilition  of  acid  reproduces  the  yellow  colour,  and  the  salt 
crystallises  out;  on  the  other  hand,  much  water  oompletely 
dissociates  the  salt,  and  the  red  base  is  precipitated. 

The  hydrochloride  darkens  at  105^  and,  on  further  heating, 
gradually  shrinks  without  showing  a  de6nite  melting  point. 

The  fiaimiMiritU  is  obtained  when  a  hot  solution  of  the  hydro- 
chloride  in  dilute  hydroohloric  aeid  is  mixed  with  platinio  chloride  as 
a  yellow,  crystalline  preoipitete,  which  was  collected  and  well  washed. 
It  is  sparingly  soluble^  but  may  be  reorystallised  from  hot  water 
containing  hydrochloric  acid  and  platinio  chloride. 

For  analysis,  the  precipitate  was  dried  over  sulphuric  add  in  a 
Tacuam  desiccator : 

0  lG2t)  gave  0  0346  Pt.    Pt  =  2I-3. 

(Ci,.H,iO,.Cl).,PtCl4,2H.p  requires  Pt  =  21-3  per  cent. 

The  aurichlorifie. — This  double  salt  was  prepared  by  adding  a 
solution  of  gold  chloride  to  a  hot  solution  of  the  pyranol  hydrochloride 
in  dilute  hydrochloric  acid.  A  bright  yellow,  crystalline  precipitate 
separated  at  once,  and  was  collected,  washed,  and  dried  in  a  Tacunm 
over  sulphuric  acid : 

0-2079  gave  0  0670  Au.   An  »  32*2. 

Cj^HjjOoCl,AuOl3,2  FT.O  requires  Au-*32*4  per  cent. 

This  aurichloride  appears  therefore  to  contain  water  of  crystal- 
lisation. 

VVIien  this  salt  is  crystallised  from  methyl  alcohol  and  diluto  hydi'o- 
chloric  acid,  it  undergoes  a  remarkable  change,  aiul  is  obtained  in 
orange  crystals,  wliicli,  after  drying  over  sulphuric  acid,  gave  the 
following  results  on  analysis  : 

0-1135  gave  01 911  CO.  and  0-0329  H,0.    C-45-9;  H-3-2. 

0-1908    „    0  0434  Au."   Aa  =  22-7. 
(CieHiiQ,Oi),AuClg  requires  0«45'5  i  H»2-6 ;  Au»23  4  per  cent. 

These  numbers,  although  not  quite  sharps  clearly  indicate  that 
the  salt^  after  crystellisatiott,  has  the  above  complex  and  unusual 
composition. 
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The  anhydroferrichlorids  ia  obtuned  as  a  hrownish-y^low  precipi- 
tate by  adding  a  concentrated  solution  of  ferric  chloride  to  a  strongly 
acid  solution  of  the  hydrochloride.  The  double  salt  is  collected  and 
crystallised  from  acetic  acid,  from  which  it  separates  in  light  brown 
needles.  It  darkens  at  165°  melts  at  171°,  and  decomposes  a  few 
degK^es  above  this  temperature.  Dried  at  100%  it  yielded  tiie  following 
results  on  analysis  : 

01197  gav»  01967  00,  Mid  0*0292  H,0.   0»44-8;  H-2-7. 
0|gH|iO,,FeOl4  requires  0-44*5 ;  H->2*6  per  cent 

Whilst  therefore  the  platini-  and  auri-chlorides  are  derived  from 

the  pyranol  itself,  the  ferrichloride  is  a  derivative  of  the  anhydro- 
bai>e,  and  its  coustitutioa  is  probably  represented  by  the  formula 

FeCl^ 

The  pyranol  base,  7-hydroxy-2  :  3-indenobenzopyranol(l  :  4),  was 
prepiired  by  ad.linfj  sodium  acetate  to  the  solution  of  the  hydrochloride. 
The  red  precipitate  was  collected  and  found  to  be  amorphous.  It  was, 
however,  pure,  since  a  specimen  dried  over  sulphuric  acid  in  a  vacuum 
gave»  on  analysis,  the  following  results  : 

0*1335  gave  0*3719  00,  and  0*0683  H,0.   0  -  76*0 ;  H  -  4*8. 
CjqHj,0,  requires  0  -  76*3 ;  H  «  4*7  per  cent. 

IJijdrohjsis  by  Potassium  Hydroxide. — When  the  pyranol  hydr(v 
chlorido  (1  gram)  is  boiled  with  20  per  cent,  potassium  hydroxide 
(25  c.c.)  for  lifteen  minutes  in  a  reflux  apparatus  and  distilled  in 
steam,  the  distillate  contains  a-hydrindone.  This  was  recognised  by 
the  odour  and  by  conversion  into  the  phenylhydrazone,  which  melted 
at  130^ 


FeOL 
O 

Me0/\'^'^C  /\ 

'  \/%/^\/\/ 

CH  QH, 

This  metbjl  derivative  of  the  anhydrofenio  aalt  described  above  is 

obtained  when  3'-bydrox7-4'-iiiethoxy-2-benzylideiie-l-hydriiidone 
(Trans.,  1907,  91,  1091),  dissolvedjin  the  least  possible  quantity  of 
boiling  alcohol,  is  gradually  Dftixed  with  half  the  volame  of  ooqcqq. 
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trated  hydrochloric  acid.  Tho  reaction  is  complete  as  soon  as  the 
jeilow  solution  gives  no  precipitate  on  dilution  with  water. 

Ferric  chloride  solution  is  now  added  in  great  excess,  the  yellow, 
crystalline  precipitate  collected,  and  crystalliaed  from  acetic  acid.  For 
analysis,  the  salt  was  dried  at  1 00° : 

0-12U  gave  0  2030  CO,  and  0  0321  H,0.    0  »  45-6  j  H-  2  9. 
Cj^HigC^^FeCl^  requira  C  =  45*8 ;  H:-2*9  per  oent 

This  anh^droftrriehlaHek  exystalliaea  in  beautiful  minute,  golden- 
mnge  prisms^  and  is  moderately  soluble  in  hot  aoeiie  add  or  water. 
It  melts  without  deoompoeition  at  163^,  and  its  solutions,  even  the 
dilute  aqueous  solution,  exhibit  a  remarkably  intense  bluish-green 
fluoreeoenoe. 


Salicylaldehyde  condenses  very  readily  with  5  :  G-dimethoxy-l- 
hydrindone,  under  the  following  conditions,  with  formation  of  the 
above  hydrochloride.  Equal  weights  of  the  two  substances  are 
dissolved  in  ten  times  their  weight  of  ethyl  alcohol,  and  a  rapid  stream 
of  hydrogen  chloride  is  passed  through  the  solution.  Tho  hot  liquid 
beoomes  dark  orange,  and  in  a  short  time  a  mass  of  crystals  sepanutes. 
When  cold,  the  beautiful  glistening,  orange  mass  is  collected  and  is 
nearly  pure,  but,  for  analysis,  it  was  recrystaUised  from  dilute 
alooholie  hydrochloric  add  and  dried  over  sulphuric  add  in  a 
vacuum: 

0-1621  gave  0-3488  CO.,  and  0  08G0  H^O.    0-58  7;  H-5*9, 
0  1752    „    0  0709  AgCl.    Cl  =  9-9. 

Ci,H,50,Cl,3H20  requires  C  =  587  ;  H  -  5  7  ;  CI  =  9  7  per  cent. 

This  hydrochloride  usually  crystallises  in  orange  plates  or  needles, 
but  when  rapidly  crystallised  from  water  it  separates  in  microscopic 
threads.  It  begins  to  darken  at  135^,  and  decomposes  vigorously  at 
165"^,  exhibiting  a  pure  green  flaorescenoe  when  a  trace  is  dissolved  in 
sulphuric  acid.  It  dissolves  in  water  without  fluorescence,  and  the 
addition  of  hydrochloric  acid  causes  the  salt  to  separate.  The  aqueous 
solution  gives  red  predpitates  with  potasdum  iodide,  sulphate^ 
ehromate^  ferricyanide^  nitrate,  and  other  salts.  The*  iodide  is 
especially  sparingly  soluble,  and  therefore  separates  from  very  dilute 
solutions.   Mercuric  chloride  gives  with  an  aqueous  solution  of  the 


CI 

O 


Digitized  by  Google 


1104    PKBKIK,  ROBIKSON,  AHD  TDRNBR:  THE  srilTBBSIS  AHD 


bydrochkHri<ie  a  yellow  precipitate  of  the  doable  salt,  and  addition  of 
iodram  aeelato  or  dilute  alkali  to  tlie  iolnlion  of  the  hydrochloride 
oanaeB  a  yellowiflli-bn>wii»  amorphous  pteoiittlato  of  the  pyraaol  bate  to 
Boparateu 

The  fiUOmU^dwtiU  is  prepared  by  adding  ptattnie  chloride  to  the 
solotioa  of  the  hydroefaloride  in  hot  dil«to  hydroohlorie  arid. 

An  imnediato  yeUow  precipitato  is  obteiaed,  and  is  eolleeted,  washed 
with  dilate  hydroohlorio  aeid,  and  dried  in  a  vaeaum  over  snlphorie 
acid : 

0-3048  gave  0  0624  Pt.    Pfc=  19-4. 

(C,8H,30,Cl)2PtCl^,2H2U  requires  Pt- 19  4  per  cent. 

The  anJiydroferrtchloride  is  obtained  as  an  orange  precipitato  when 
ferric  chloride  is  added  to  a  strongly  acid  solution  of  the  bydrochloride. 
It  separates  from  a  large  quantity  of  aoeti^  acid  in  reddish-brown 
needles,  and,  after  drying  at  10(P,  gave  the  following  remits  on 
analysis : 

01155  gave  01915  00, and  00340  H,0.   0-45*2 ;  H-3-2. 

CjgHjjOg.FeCl^  requires  0«>45'5  j  H=8*l  per  cent. 

This  salt  is  sparingly  soluble  in  hot  acetic  acid  or  water  and 
almost  insoluble  in  most  other  solvents.  It  begins  to  darken  at 
about  215*^,  and  has  no  definite  melting  point. 

Decomposition  of  the  Pyranol  hij  Hydrolysis. — When  the  pyranol 
hydrochloride  is  boiled  for  half  an  hour  with  alcoholic  potash  (5 — 10 
per  cent.),  an  orange  solution  is  obtained,  which  gives  no  precipitate 
on  the  addition  of  water.  The  solution  contains  the  potassium  salt  of 
2'-hydrozy-5 :  6>dimethoxy-2-benzylidene-l-hydrindone,  and  this  sub- 
stanoe  separates  as  a  yellow  precipitate  on  the  addition  of  acetic  acid. 
The  precipitate  was  collected  and  boiled  with  acetic  anhydride  and 
sodiom  acetete  for  ton  minntes.  The  product  was  poared  into  water 
and  the  aoetoto  crystallised  from  alcohol,  when  it  melted  at  180°,  and 
the  melting  point  was  unaltered  by  admixture  with  the  sperimea  of 
this  acetate  previously  prepared  (Trans.,  1907,  91,  109€).  The 
reverse  change,  namely,  the  conversion  of  S'-hydroxy-S :  O-dimetliozy-2- 
benzylidene-l-hydrindone  into  4' :5'-dimethoixy-3  tS-iadenobennH 
pyranol  (1:4)  hydrochloride^  was  carried  oat  as  follows. 

Hydrozydimethozybensylidenehydrindone  (6  grams)  was  suspended 
in  methyl  alcohol  (300  c.c),  and  a  current  of  hydrogen  chloride  passed 
sufficiently  rapidly  to  canse  the  methyl  alcohol  to  boil.  The  brick- 
red  precipitate  of  the  ketone  hydrochloride  (  Irans.,  1907,  91,  1095), 
which  soon  separated,  gradually  passed  into  solation,  and  the  passage 
of  the  gas  was  continued  until  a  sample  of  the  liquid  remained  clear 
on  dilution  with  water.  The  dark  yellowish-brown  solution  was  then 
diluted  with  water,  when,  on  standing,  the  pyranol  salt  cryateUised 
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out  in  the  cbar.icteristic  orange  crystals.  Careful  comparison  showed 
that  tliis  salt  was  identical  with  the  hydrochloride  prepared  as  described 
on  p.  1103. 


At*  I  h'-MtUhjfUntdioxyl :  3-tftd!0fioiefi«o/?ymno/  (1:4)  Anhydroftrri- 

FeOI« 

CH  OH, 

This  sabtttonee  is  obtained  when  S'-bydroxy-S :  6-methyl6iiedioxy-9- 
bensylideDe-l-hydrindoiie  (1  gram:  oompare T^s.,  1907,  91,  1097) 
in  wpMided  in  alcwhol  (20<0  ae.)  and  ooneanteated  bydrooblorie  acid 

(90  C.C.)  added.    The  liquid  is  boiled  for  about  an  hour  and  until  the 

brick-red  hydrochloride,  which  separates  at  first,  has  passed  into 
solution.  Concenirated  ferric  chloride  is  then  added  to  the  yellow 
solution,  and  the  orange  precipitate  collected  and  crystallised  from 
much  glacial  acetic  acid.  The  deep  red,  minute  prisms  were  dried  at 
100°: 

01168  gave  01913  COj  and  00264  Uf>.    0-447;  H-2-4. 
CiyHjiOj.FeCl^  requires  0  =  44-4  ;  H»2'4  per  cent. 

This  anhydroferrieUoride  melto  indistinofely  at  aboat  225%  and  the 
eolutioa  in  salphnrie  aeid  showe  an  intense  green  flaoresoenoe.  It  is 
▼ery  sparingly  soluble  even  in  boiling  glaeial  aoetio  acid,  but  dissolTes 
somewhat  and  withont  flnoreseenoe  in  water. 


Gl 

O 

hydrociU^rride,  ^^{^f^[\  M^Me'^aO. 

This  substance  may  be  prepared  by  the  action  of  hot  hydrochloric 
acid  on  2' :  4'-dihydroxy-5  :  6-dimethoxy-2-bensyltdene-l-hydrindone  in 
the  manner  already  described  in  other  similar  cases  (pp.  1104,  1105), 
or  by  the  fbllowing  direct  process.  ^-Resorcylaldehyde  (2  grams)  and 
6  : 6-dimethoxyhydrindone  (8  grams)  are  dissolved  in  methyl  alcohol 
(25  e.a)»  the  solution  is  heated  to  boiling,  and  a  rapid  stream  of 
hydrogen  chloride  passsd  through  the  dear  liquid.  Dark  red  prisms 
separate  in  a  few  minutes,  and  the  whole  is  then  cooled,  flltersdi  and 
the  precipitate  washed  with  methyl-aleoholic  bydroeUorie  acuL  Tlw 
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subetaace  is  dried  oo  porous  poroelftan  in  the  sir,  and  ihon  in  avaeanm 
desioeator  over  sulphuric  acid : 

0  1268  gave  0-2910  CO2  and  0  0550  H2O.    C-62-6;  H=»48. 

0  1700    „    0  0715  AgCl.    CU  10  3. 

CigHisO^CKH^O  requires  0  =  621  ;  H  =  49;  CI  =  10-2  per  cent. 

This  hydrochloride  darkens  above  200^,  and  crystallises  from  methyl- 
alcoholic  hydrochloric  acid  in  deep  crimson  prisms  or  short  needles. 

It  dissolves  in  sulphuric  acid,  yielding  a  yellow  solution,  which  has 
a  green  fluorescence,  and  the  dilute  aqueous  solution  also  fluoresces. 

When  soditim  aoetate  is  added  to  the  solution  of  the  hydrochloride^ 
the  base  separates  as  a  red,  amorphous  precipitate,  which  dissolTse  in 
alkalis  and  especially  in  ammonia^  yielding  beautiful  deep  red 
solutions. 

The  ploHMnickhntU  is  obtained  as  a  pale  orange  precipitate  by 
adding  platinic  ehloride  to  the  hot  solution  of  the  hydrochloride. 

It  was  oollectedy  washed  with  dilute  hydroehleric  acid,  and  dried  in 
a  Tacaum  over  sulphuric  acid : 

0121 1  gave  0*1884  00,  and  0*0375  H,0.   0-42*4 ;  H-3-4. 

(C„H,^O^Cl)2PtCl4,2H20  requires  0-41-9  ;  H-8-3  percent. 

The  anfiydro/ti^ichloride. — When  ferric  chloride  is  added  in  excess 
to  a  solution  of  the  hytlrocliloi  ide  in  hot  dilute  hydrochloric  acid,  a 
yellowish-brown  precipitate  is  produced,  which  is  collected,  washed 
with  acetic  acid,  and  crystallised  from  much  acetic  acid,  from  which  it 
geparatcs  as  a  dark  brown,  crystalline  powder  with  a  strong  green 
metallic  lustre.    For  analysis,  it  was  dried  at  100° : 

0-1102  gave  0  1782  CO,  and  0  0310  H^O.    C  =  44-1  j  H-d*!. 
OuHi^O^^FeCl^  requires  0-43-8 ;  H-3-1  per  cent. 

This  anhydroferrichloride  is  sparingly  soluble  in  water  and  oTen  in 
boiling  glacial  acetic  acid. 

4' :  5' :  1'Ti*imelhoxjf-2  :  Z-iiuienohenzopip'anol  (1  :  4)  Anhydrohydro- 

CI 

OH  OH, 

This  subistance,  ^liicii  interested  us  specially  on  account  of  its  close 
relationship  to  the  formula  for  triiaethylbrazilin  discussed  iu  a 
previous  paper  (Trans.,  1907,  91,  1074),  may  be  prepared  as  follows. 

/>-Methoxy8alicylaldehyde  (4  grams)  and  dimethoxyhydrindone  (6 
grams)  are  dissolved  in  methyl  alcohol  (50  c.c),  and  the  solution 
boiled  by  passing  a  rapid  stream  of  hydrogen  chloride.    The  solution 
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becomes  oraoge-brown,  and  the  pyranol  salt  cryst^iliises  out  as  a  deep 
orange  powder.  When  this  stage  is  reached,  the  stream  of  gas  is  stopped, 
and  the  liquid  cooled  and  filtered.  The  reeidoe  U  then  recrystallised 
fxom  methyl  alcohol  containing  hydrochloric  add  and  dried  in  a 
▼acanm  over  snlphuric  add : 

01143  gave  0-2G19  00^  and  0  0537  H,0.    0  =  62  5  ;  H  =  5-2. 
0-3238    „    0-1344  AgCl.  01=10-1. 
Oj^K„Ofil,KJd  requires  0»62-9 ;  H-5'2 ;  01-9'8  per  oent. 

This  hydrochbride  darkens  at  abont  175^  and,  when  rapidly 
erystallised  from  water,  it  nuparates  aa  an  orange-red,  crystalline  mass 
of  very  charaeteristic  appearance,  which  differs  entirely  from  that 
of  the  dtmethoxy-derivatiye  described  In  this  paper.   Under  the 

mieroscopti,  the  mass  is  seen  to  consist  of  long  threads. 

It  Is  solable  in  water,  and  tho  solution,  which  has  a  yellowish-green 
fluorescence,  is  immediately  precipitated  by  hydrochloric  acid. 

The  solution  of  the  substance  in  sulphuric  acid  exhibits  a  similar, 
but  more  intense,  green  fluorescence.  When  potassium  iodide  is 
added  to  the  aqueous  solution  of  the  hydrochloride,  a  characteristic 
dark  red  precipitate  of  the  iodide  is  obtained. 

The  platmtchloride  is  obtained  as  a  yellow  precipitate  when  a 
solution  of  the  hydrochloride  in  hot  dilute  hydrochloric  acid  is  mixed 
with  platinic  chloride.  For  analysis,  this  double  salt  was  dried  in  a 
vacuum  over  sulphuric  acid : 

0-1225  gave  0-0229  Pt.    Pt  =  18-7. 

(Ui9Hj,0^01)PtOl4,2H,0  requires  Pt  =  18-4  per  cent. 

The  anhifdr^firriMnide. — ^When  a  concentrated  strongly  acid 
solation  of  ferric  chloride  Is  added  to  an*  alcohoUc  solution  of  the 
hydrochloride,  an  orange  precipitate  Is  formed,  which  is  collected  and 
reerystallised  from  glacial  aceUc  add.  It  is  thos  obtained  In  stoat, 
bright  red  needles,  which,  after  drying  at  100°,  gave  on  analysis : 

0-1207  gave  01 980  00,  and  0*0370  H2O.    0  =  44-7  H-3-4. 
G,gH|^4,FeCl4  requires  0-i46-l ;  H-3*4  per  cent. 

This  double  salt  melts  at  about  220^  with  some  decomposition. 

The  anhydrocadmium  bromide. — When  a  strong  solution  of  cadmium 
bromide  is  added  to  a  solution  of  the  pyranol  hydrochloride  containing 
an  excess  of  hydrobromic  acid,  a  vermilion-red  double  salt  separates, 
which  is  collected,  washed  with  water,  and  dried  in  a  vacuum  over 
■ulphuric  acid : 

0-1273  gave  0  1065  AgBr.  Br  «  35-6. 

CijHjyO^CdDrg  rei^uires  Br  =  3G  3  per  cent. 

VOL.  XClll.  4  D  ^ 
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It  is  probable  that  the  constitution  of  thia  characterifitio  and 
interestiog  double  Bait  ia  that  represented  by  the  formula 


Decomposition  of  the  Pt/rcmol  hy  Hydrtiyma. — In  studying  this  decom- 
position, the  pyranol  hydrochloride  (3  grams)  dissolved  iti  alcohol 
(50  c.c.)  wa5  digested  with  a  strong  solution  of  aqueous  potassium 
hydroxide  (5  grams)  for  four  hours,  water  was  then  added,  and 
the  whole  allowed  to  stand  overnight.  The  filtered  solution  was 
acidified  with  .'icelicacid,  the  yellow  precipitJite  collected,  and  acetylated 
with  acetic  anhydride  and  sodium  acetate.  The  pale  yellow  needles  of 
the  acetyl  compound,  after  crystallisation  from  alcohol,  melted  at  175'', 
and  consisted  of  acetyl-2'-hydroxy-4' :  5  :  6-trimethoxy-24>cnzyiidene-I - 
hydrindone,  since  when  mixed  with  a  specimen  of  this  substance  which 
had  been  prepared  on  a  previous  occasion  (Trans.»  1907|  91,  1099) 
there  was  no  alteration  in  melting  point.  * 

Conversion  of  MydroxytriniethvxyheiizylidenehydrindoM  into  Tri" 
mathoxyindenobenzopyranol  AnJiydrohydrochloride  by  mean$  of  Hydtrogem 
Chloride. — This  interesting  reaction  was  carried  out  in  the  manner  de- 
scribed in  the  case  of  the  corresponding  reaction  with  aalicylidenedi- 
metliozyhydrindone  (p.  1104),  except  that,  as  the  nnsatorated  ketone 
hydrochloride  in  the  present  case  is  vefy  sparingly  soltible  and  changes 
with  difficult,  a  larger  excess  of  methyl  alcohol  mast  be  used  and  the 
hydrogen  chloride  passed  for  a  longer  time^  An  altematiTe  method  is 
to  boil  the  snbstance  wit|i  alcohol  and  hydrochloric  add  in  a  reflux 
apparatus  for  seyeral  hours.  In  either  case  the  product  cooBiats  of 
the  characteristic  micro>threads»  and  shows  all  the  reections  of  tri- 
methoxyindenobenzopyranol  anhydrohydrodiloride  (p.  1107). 

The  compounds  which  follow  have  been  prepared  and  investigAted  in 
conjoncticii  with  Mr.  Maurice  Buiiell  Turner*  BwSc 

Resacetophenone  Dimethyl  Ether,  (MeO),C^Hj'CO-CHg  (2:4: 1). 

This  substance  has  been  prepared  in  small  quantities  by  Tahaia 
{Ber.t  189 1,  24,  2461)  from  pieonol  by  treatment  with  potassium 
hydroxide  and  methyl  iodide.  The  methylation  of  resacetophenone 
with  methyl  sulphate  and  potasnum  hydroxide  does  not  ^ipear  to  have 
been  described. 

It  may  be  advantageously  carried  out  under  the  following  eonditiona : 
Beeacetophenone  (180  grams)  is  dissdved  in  methyl  aloohol  (500  e.o.X 


CdBr, 
O 
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mixed  with  a  large  excess  of  methyl  sulpliate  (540  grams),  and  suf- 
ficient potassium  hydroxide  (40  per  cent.)  is  slowly  added  to  decompose 
all  the  methyl  sulphate  and  to  keep  the  liquid  always  strongly  alkaline  ; 
the  flask  is  hdated  on  the  water-hath  for  half  an  hour  and  then 
cooled.  The  product  is  extracted  with  ether,  the  ethereal  solution 
Wftshod  with  water,  dried,  eyaporated,  and  distilled  under  the  ordinary 
preesnre  • 

01364  gave  0  3296  CO.,  and  0-0837  H,0.    0  =  66-4;  H  =  6  9. 
CiqU^jOj  requires  C  —  66  7  ;  11  =  6  7  per  cent. 

Resaettofhenone  dimethyl  ether  distils  without  decomposition  at 
and  when  crystalliaed  from  methyl  alcohol  melts  at  40^. 

2-Hydroxy-2' :  i'-dimethoxi/benzi/lideneaeeiaphenone, 

/\0H  Me0,/\0Me 

's^^  ch:ohco-IJ 

This  unsaturated  ketone  is  readily  ohtained  by  the  condensation  of 
aalicylaldchydo  with  resacetophenone  dimethyl  ether  in  the  presence  of 
alkali.  Salioylaldebyde  (60  grams)  and  resacetophenone  dimethyl 
ether  (78  grams)  are  dissolved  in  methyl  alcohol  (50  c.c),  and  potassium 
hydroxide  (250  ce.  of  20%)  added.  The  solution  is  heated  almost  to 
boiling  and  sllowed  to  stand  oyemight,  when  a  very  bulky,  red  preclpi« 
tate  of  the  potassium  deriyative  of  the  condensation  product  separates 
and  almost  fills  the  liquid. 

This  is  collected,  drained  on  porous  poroelaitt,  dissolved  in  water,  and 
the  filtered  solution  poured  into  20  per  cent,  potassium  hydroxide,  when 
the  potaasinm  dentvatiTe  separates  in  a  much  purer  condition.  It  is 
again  collected,  dissolved  in  a  large  quantity  of  water,  and  acidified 
with  acetic  aoid.  The  yellow,  oily  precipitate  which  first  sepaiatei 
gradually  becomes  erystalline,  and,  after  crystallisation  from  alcohol, 
it  is  obtained  in  small,  yellow  needles  or  prisms  melting  at  124°: 

0-1420  gave  0-3723  00,  and  0  0742  n,0.    C  =  71-5  ;  H  =  5-8. 
(\^Hjfi^  requires  G«71'8 ;  li»5*6  per  cent. 

The  characteristic   potassium  derivative  separates  from  dilute 

potassium  hydroxido  in  orange-red  crystals  : 

0*^214  gave  0  0867  K^SO^.    K:=:  121. 

OifHigO^K  requires  K«  121  per  cent. 
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The  Aetian  qf  HjfdrocJdorio  Add  on  2-iryiroa^60n2>y2M£sfi0ae0((;pA«ii0iu^ 


The  action  of  h^^drochloric  acid  on  this  ketone  leads,  under  the 
following  conditions!  to  the  formation  of  2-phenylbenzopjranol  anhydro- 
hydrochloride, 


The  ketone  is  dissolved  in  aoetie  aoid  and  boiled  with  conoentmted 
hydrochloric  acid  for  a  few  minutes  and  nntQ  a  portion  when  diluted 
with  water  gives  a  deer  solution  of  the  oxoniom  hydrochloride.  On 
account  of  its  soluUlity,  no  attempt  was  made  to  isolate  this  hydro- 
chloride^ but  its  piesenoe  in  the  solution  was  demonstrated  by  the 
preparation  and  analyris  of  the  platiniehloritU, 

This  salt  separates  on  the  addition  of  platinic  chloride  as  a  yellow, 
crystalline  mass,  which  crystallises  from  a  large  quantity  of  dilute 
hydrochloric  acid  in  orange  prisms.  For  analysis,  it  was  dried 
at  100°: 

0'5039gaveO  1195  Pt.  Pt  =  23-7. 
0-2600   „   0  0615  Pt.  Pt-23-7. 

(0|gHuOO])|Ptai4  requires  Pt-i23*7  per  oent 

When  a  trace  of  this  platini-ealt  (or  a  few  drops  of  the  solution  of 
the  oxonium  hydrochloride)  is  added  to  eonoentrated  sulphurio  acid,  a 
pale  yellow  solution  is  obtained,  which  exhibits  a  purs  blue  fluovw 

escence  much  less  intense,  however,  than  that  shown  by  the  corre- 
sponding indeno  derivative  (p.  1099).* 

When  dry  hydrogen  chloride  is  passed  into  a  solution  of  2-hydroxy- 
benzylideneacetophenone  in  dry  ether  in  the  cold  for  three  hours,  the 
reaction  proceeds  differently,  and  a  yellow  substance  sepamtes  in 
needles.  This  substance  is  very  hygroscopic,  and  readily  decompose^! 
in  the  air.  It  was  separated  by  filtration  in  dry  air  in  a  bj>c<  i;«l 
apparatus?,  washed  with  dry  ether,  quickly  transferred  tO  a  desiccator, 
and  dried  over  sulphurio  acid  in  a  vacuum : 

*  The  solution  of  all  niethoxyanbydropjmaoli  is  sill|ihllric  acid  fluoresce  with 

various  shatlcs  of  green,  and  the  bhie  fluoresconce  of  the  above  solution  is  evidentlj 
due  to  tho  absence  of  methoxy-groups.  We  propose  to  study  the  influence  of  other 
groups  on  tho  character  of  Uuorcsconce,  as  the  results  will  probably  have  an  ImporUuit 
bearing  on  the  problem  of  the  couditious  which  cause  and  modify  lluoresjeuce. 


1      I  .*  r 

^^\3H:oH-qp-ojff5 
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0  1003  gave  0-2217  CO^  and  0  0439  H,0.    0-60-3;  H  =  4-8, 
01933    „    0  1850  AgCl.    01  =  23-6. 

CijHijOClj^HjO  requires  C  =  60  6  ;  H  -  4*7 ;  CI  =  23-9  per  cent. 

Thia  dichloride  *  softens  at  78*^  and  melts  at  86^  with  deoompoeition» 
and  diaaolves  in  snlpbiirie  add  witli  a  pure  blue  flooreaoeiioa. 

When  treated  with  water  it  disaolvee,  and  platinio  chloride 
precipitatee  the  platiniehloride  of  2-phen7lbeniop7ranol  (1 : 4). 

Sodium  oarbonate  precipitates  a  yellow  base^  which  is  insolaUe  in 


It  is  pcnnted  out  in  the  introduction  that  the  constitution  of  this 
dichl<»ide  is  probably  represented  by  the  formnla 

H  CI 


C 


CIO 
OH 


The  ffydrochloride  of  i'-M€thaQey-2'phenylbenzopyranol  (1 : 4)  Anhydro- 

H  Gl 


,H,0. 


This  dichlotide  is  obtained  when  2-hydroxy-4'-methox7benzylidene- 
acetophenone  (Kostaneeki  and  Zwayer,  Ber.t  1908,  41,  1337)  is 
treated  with  hydrogen  chloride  onder  the  following  conditions.  The 

well-cooled  ethereal  solution  of  the  unsaturated  ketone  is  saturated 
with  hydrogen  chloride,  when  tlio  pale  yellow  solution  rapidly  becomes 
orange,  and  in  about  fifteen  to  twenty  minutes  the  orango-rod 
hydrochloride  separates  in  needles.  The  cryfitals  were  filtered  in  an 
apparatus  which  avoids  exposure  to  moisture,  washed  with  ether,  and 
dried  over  sulphuric  acid  in  a  vacuum  : 

0  0987  gave  0  2139  CO,  and  0  0478  H,0.    C-59-1 ;  H«6-4. 
0-1784    „    01541  AgCl.    Ci  =  21-3. 

C„H„0,Cl2,H,0  requires  C» 68-7  ;  H«5  0  ;  CI -21 -5  per  cent. 
This  diMoHde  melts  at  186^  with  decomposition,  and  is  lees  affected 
bj  moistnre  than  the  dichloride  described  in  the  last  section. 

*  Decker  and  von  Fellenberg  {Annalen^  1907,  356,  302)  evidently  had  this 
dkhloride  in  their  hudt,  bat  they  did  not  analyse  it,  mad  cReaMMtt^  daioiifai  it  ■§ 
liaviag  the  ooaapodtioii  CuHuOOL 
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4'-iModi^2^iii«iyi&«MMifiynmo{(l  :4)  AfikjfArohydirMMdi$t 

01 

O 


CH 


The  Bubstanoa  O^^^fiJ^^Jip,  deecribed  in  tbe  last  aeotkm, 
dinolves  In  water,  yielding  an  orange  soIatioD,  which,  on  standing, 
deposits  orange  erystals.   Theee  were  oolleeled,  dried  on  porona 

porcelain  in  the  air,  and  analysed,  with  the  following  results  : 

0-1233  gave  0  2414  CO^  and  0  0661  Ufi.  0  =  53-4  ;  H  =  6  0. 
0-1019  „  0-2003  COg  „  0-0558  H,0.  ,0  =  63-6;  H« 61. 
0-2055    „    0  0777  AgOi    01  =  9-3. 

(\ja.^Ofi\fi^O  requuee  C  ^  53  0 ;  H  »  6*3 ;  01  -  9*7  per  oent. 

This  onA^elro&yilrocAforitfe  melts  at  87%  and  may  also  be  prepared 
by  the  action  of  hydrochloric  add  on  the  solution  of  2'hydroxy-4'- 
methoxybenzylideneacetophenone  in  boiliog  acetic  add,  from  which 

it  separates,  on  dilation  and  long  standing,  in  orange  crystals. 

The  anhydroplaiiniehlorids. — The  aqaeous  eolation  of  the  hydro- 
chloride gives  a  yellow  precipitate  with  platinic  chloride,  which  is 
collectud  and  recrystalliscd  from  hot  dilute  hydrochloric  acid.  The 
orange-red  crystals,  dried  at  100^,  yielded  ; 

0-2531  gave  0  0557  Pt.  Pt  =  22  0. 
0-1814   „    0-0399  Pt.    Pi  =  22-0. 

(0uHu0201),Pt0l4  reijaires  Pt- 221  percent. 

The  anhi/dro/miehMd§,'-^VnMitk  a  solution  of  the  hydrochloride 
u  mixed  with  concentrated  ferric  chloride,  a  yellow  precipitaAa 
is  obtained,  which  separates  from  acetic  add  in  yellow  needles 
melting  at  156%   For  analysis,  the  substance  was  dried  at  100^: 

0-1654  gave  0-2668  CO,,  and  0  0484  HjO.    0-44*0;  H-3-3. 
0-3718    „    0-0681  Fejbg.  Fe=12'8 
OuB,ifip¥eG\^  requires  0-441 ;  H-3-0;  fe- 12  9  per  cent. 

A  very  interesting  method  of  formation  of  this  anhydrofeni- 
chloride  from  the  unsaturated  ketone  is  the  following. 

2-Hydroxy-4'-methoxybenzylidenescetophenone  is  dissolved  in 
acetic  add,  and  a  very  concentrated  solution  of  ferric  chloride 
in  hydrochloric  add  is  added.  An  emss  of  hydrochlorio  acid 
now  predpttates  a  red  eompouud,  which  is  decomposed  by  water 
with  formation  of  the  unsaturated  ketone,  and  the  ooostitution  of 
which  is  discussed  on  p.  1093.    When  it  is  dissolved  in  boiling 
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acetic  acid,  the  colour  of  the  solution  changes  from  red  to  yellow, 
and  the  ferrichloride  dflfloribed  above  oiyatalliseB  in  needles  melting 
at  154— 165» 


The  hi/drocJdoride  of  this  unsaturated  ketone  (p.  1109)  is  readily 
obtained  when  a  bolution  of  the  ketone  in  acetic  acid  is  saturated  with 
hydrogen  chloride  in  the  cold,  and  separates  in  red  crystals,  but,  owing 
to  its  susceptibility  to  moisture,  we  were  unable  to  obtain  accurate 
results  on  analysis.  The  percentage  of  chlorine  was  always  somewhat 
less  than  that  raqnired  for  a  hydrochloride,  C^^Hj^OfiHOl.  The 
sulphate  gradually  separates  as  a  similar  red  substenoe  when  a  drop  of 
sulphuric  acid  is  added  to  the  eolation  of  the  unsaturated  ketone 
in  acetic  acid.  These  substances  are  obviously  analogously  constituted 
to  the  salts  of  unsaturated  ketones,  whieh  are  described  in  our  former 
paper  (compare  Trans.,  1907, 01, 109^). 

Although  the  hydrochloride  and  sulphate  oould  not  be  accurately 
analysed,  the  ferrichloride  hydrochloride  can  be  readily  prepared  pure 
and  dry. 

It  is  obtained  when  the  unsaturated  ketone,  dissolved  in  acetic  acid, 
is  mixed  with  a  concentrated  solution  of  ferric  chloride  in  hydrochloric 

acid.    The  brilliant  red,  crystalline  precipitate  which  separates  is 

collected,  washed  with  a  little  glacial  acetic  acid,  and  dried  at  50 — 60®: 

0  1749  gave  0  2525  CO,and  0  0571  H.A  C  =  39-4j  H  =  3  6. 
0-U77  „  0-2137  COj  „  0  0490  H,0.  0-39-6;  H-3'7. 
0-2U0    „    0-3100  AgOl.    01  =  35-4. 

0|rH|704,FeCl4,HOi  requires  G«  39*5;  H:-3-5;  01 »  34*2  per  cent. 

This  interesting  substance  raelts  with  decoraposition  at  178^,  and  is 
decomposed  by  water  with  separation  of  2-hydruxy-:i  : -I'-diinethoxy- 
benzylideneacetophenone.  Small  quantities  may  be  recrystallised  from 
acetic  acid  if  the  operation  is  quickly  conducted,  but  when  boiled  with 
acetic  acid  for  a  few  minutes  it  loses  water  and  hydrogen  chloride,  and 
is  converted  into  the  anhydroferrichloride  of  2' :  4'-dimethoxy-2-phenyl- 
benzopyranol  (m.  p.  188^ :  see  p.  1114). 

This  behaviour  is  not  only  characteristic,  but  also  of  considerable 
interest. 


J" 
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\/ 
CIO 


OH 


This  substance  is  obtained  when  2-hydroxy-2' :  4'-dimethoxy  benzyl - 
ideneacetophenono  is  heated  with  concentrated  hydrochloric  acid  on  the 
water-bath.  The  red  hydrochloride  first  formed  gradually  dissolves, 
and  a  clear  orange-yellow  solution  is  produced,  which,  on  cooling  and 
stirrinu^,  deposits  crystals.  These  are  collected,  recrystallised  from 
concentrated  hydrochloric  acid,  aad  dried  on  poroua  porcelain  over 
sulphuric  acid  in  a  vacuum. 

0-1357  gave  0  2693  CO^  and  0-0674  H^O.    0»64*1 ;  Ha6-5. 
0-2281    „    0*1766  A^L  01-19-1. 

0|fH|/)gO]y2H,0  requires  0«>54*4 ;  H«5*4;  01«  18*9  per  eent. 

This  sabstanoe  oonaistB  of  mierosoopio,  deep  oraoge-rad  needles, 
it  melts  with  decomposition  at  116°,  ^and  is  very  solable  in  wmter 
or  alcohoL  When  dilate  alkali  or  sodium  aoetate  is  added  to  the 
aqueous  solution,  a  pale  yellow,  amorphous  base  is  pveoipitated  whieb  is 
free  from  chlorine. 

DoMe  Sake  of  2' :  i''JHm$ikoxif'2-phmi/lbMzopi/ranol  (1  : 4}  Anht/drfH 

Oi 
O 


hffdrookhride, 


The  plaiimMaride. — ^When  the  solution,  obtained  by  dissolving  the 

dichlodde,  Ci7Hjg03Ci2,2BI[jO  (see  the  last  section)  in  water,  is  mixed 
with  a  solution  of  platinic  chloride,  a  yellowish-orange  double  salt  is 
precipitated,  and  may  be  crystallised  from  much  dilute  hydrochloric 
acid.  Its  colour  was  thereby  deepened,  and  the  red  salt  which 
separates  after  drying  at  100°  was  found  to  decompose  at  about  230"^  : 

0  1062  gave  0-1700  CO.^  and  0-0333  H,0.    0-43-7  j  H-i3-6. 
0-4666    „    0  0970  PL    Pt-20-8.  • 

0-388R    „    0  0802  Pt.    Pt  =  20-6. 

(Ci^Uj^OgCOaPtCl,  requires  0-43-4;  H-3-2;  Pt- 20*7  per  cent. 
The /errichloride. — This  substanoe  may  be  prepared,  as  already  mm- 
tioned  (p.  1113),  by  boUing  2-hydro]qr-2':  4-dimetlin]7bonsylidMid. 
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acetophenone  ferrichloride  hydrochloride  in  acetic  acid  solution  or  by 
adding  a  concentrated  solution  of  ferric  chloride  to  a  solution  of  the 
dichloride,  Ci^HjgOgClgjSHgO,  in  dilute  hydrochloric  acid.  In  this 
latter  case,  a  reddish-orange  precipitate  is  formed,  which  is  crystal- 
lised from  acetic  acid  and  dried  at  100° : 

0-1238  gave  0  1978  CO,and  0  0369  HjO.    C  =  43-6;  fi»3-3. 
OjyHj^OyFeOl^  requires  0-43-9 ;  H»3-2  per  oeiit 

This  ferriMnnie  crystolliBee  in  splendid  led  needles,  which  resemble 
ohromio  acid  and  melt  at  189^,  It  dissolves  moderately  readily 
in  water,  a  property  whieh  distinguishes  it  from  the  ferrichloride  of 
the  onsatnrated  ketone.  The  solution  in  sulphuric  acid  has  a  green 
fluorescence. 

The  University, 

Mancukster. 


CXI. — Brazilm,  Ilaematoxylin^  and  their  Derivatives* 
Part  IX.*  On  Brazilein,  Haematein,  and  their 
DerivcUives. 

By  Paul  Engels,  William   Hexrt  Febkin,  jun.»  and 

BOBIftT  BOBlNSOir. 

Thb  colouring  matter  brasilein  is  obtained  when  bnudlin  is  treated 
with  ozidisiDg  agents,  and  the  change,  due  to  the  removal  of  two 
atoms  of  hydrogen, 

Brazilin.  Biivziloin, 

is  one  of  the  most  iuterestiDg  and  characteristic  decompositions 
exhibited  by  brazilin. 

Liebermann  and  Barg  {Ber.,  1876,  9, 1886)  first  showed  that  a  solu- 
tion of  brazilin  in  caustic  alkalis  rapidly  acquires  a  magnificent  cherry- 
red  colour  when  it  is  exposed  to  air,  and  that  the  addition  of  acids 
then  causes  the  precipitation  of  a  reddish- violet,  amorphous  mass  of  crude 
brazilein.  The  same  authors  also  showed  that  crystalline  brazilein 
may  be  prepared  from  brazilin  by  oxidation  in  aqueous  alcoholic 
solution  with  iodine,  but  the  substance  obtained  in  this  way  was 
found  to  contain  about  1*3  per  cent,  of  iodine. 

*  Bftrt  I,  Tiua,  1901,  79, 1896 ;  Pkrto  II  and  III,  Tnns.,  190^  81,  221,  285 ; 

Parts  IV,  V,  and  VI,  Tmns.,  1002,  81,  1008,  1040,  1057 ;  Pftrk  VII,  TiiDS.,  1907, 
91,  1078 ;  FMt  Ylll,  Tmn*,  1908,  93,  489. 
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Pure  brazilein  was  first  prepared  hj  J.  J.  HamnMl  uid  A.  G.  Ptrldii 

(Trans.,  1882,  41,  373)  by  passing  air  through  a  solution  of  brazilin 
in  dilute  ammonia,  and  was  thus  obtained  in  minute  dark  crystals 
having  a  grey  metallic  lustre  and  dissolving  in  alkalis  with  a  brilliant 
red  colour.  The  careful  analyses  of  these  authors  showed  that  crystal- 
line brazilein,  dried  at  100°,  has  the  formula  OjgH^jOj.H^O,  and 
that,  when  heated  at  130 — 140°»  it  loses  the  additional  molecule  of 
water. 

The  same  authors  also  prepared  pure  haematein  by  passing  air 
through  a  dilute  ammoniaoal  eolation  of  hasmatoxylin,  C^^Hj^O^,  and 
•bowed  that  it  had  the  composition  C^gHj^Og.  Buchka  and  £rck 
(JSfr.,  1885,  18,  1142)  subsequently  made  the  observation  that 
orystalline  braxilein  may  be  obtained  by  oxidising  brastlin  in  ethereal 
alooholio  solution  with  nitrio  acid,  and  they  confirm  the  obserration  of 
Htimmel  and  Perkin  that,  when  dried  at  100^,  branlein  contains  water, 
and  that,  when  dried  at  130^,  the  formula  is  CuHuO^.  Although  a 
large  number  of  experiments  have  been  made  with  brastlein  by 
different  investigators,  very  few  derivatives  of  importance  have  been 
prepared.  SohaU  and  Drall  (itor.,  1890,  23,  1434 ;  compare  Uersg, 
Mimatsh.,  1898,  19,  743)  prepared  a  crystalline  triacetyl  compound, 
^ie^o^6(^s^3^)8)  ^7  digesting  branlein  with  acetic  anhydride,  sine 
chloride,  and  zinc  dust,  but  this  substance  can  hardly  be  a  derivative 
of  brazilein.  The  same  investi^tors  also  describe  an  amorphous 
oxime,  Cjglij203{N'OH)2,  obtained  by  heating  brazilein  with  hydroxyl- 
amine  hydrochloride,  alcobul,  and  hydrochloric  acid  in  a  sealed  tube 
at  130°,  and  also  an  amorphous  phenylhydrazine  derivative  of  doubtful 
composition.  Several  bromo-derivatives  of  brazilein  were  also  pre- 
pared by  Schiill  and  Drall,  but  these  do  not  call  for  special  mention. 
The  methylation  of  brazilein  has  been  attempted  by  Herzig  {Monatsh., 
1898,  19,  742),  who  heutod  brazilein  with  pota*'sium  hydroxide  and 
methyl  iodide,  and  obtained  a  syrupy  substance  insoluble  in  alkali, 
which  yielded  an  amorphous  acetyl  derivative.  On  the  assumption 
that  the  syrupy  substance  wan  trimethylbrasilein,  Henig  assigns  the 
formula  CjeHgO(OMe),*OAc  to  the  amorphous  acetyl  compound.  Since, 
however,  it  is  shown  in  the  present  communication  (p.  1117)  that 
trimetbylbrazilein  is  a  beautifully  crystalline  substance,  and  does  not 
yield  an  acetyl  derivative,  the  substances  prepared  by  Hendg  cannot 
have  the  constitutions  which  he  assigns  to  thent 

Perhaps  the  most  characterittie  property  of  bvaalein  (and  also  of 
hMuatein)  is  the  formatioii  of  a  Tory  rsmarkabk  series  of  sidts  when 
these  substances  are  treated  with  concentrated  mineral  adds* 

This  behaviour,  which  was  first  observed  by  J,  J.  Hummel  aad 
G.  Ferkin  (Trans.,  1883,  41,  874),  has  been  carefully  investigatod, 
and  is  discussed  in  detail  in  the  preeint  oommunieation  (p.  1121). 
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.  Id  Fart  Yin  of  this  Meanh  (Tnuu.,  1908,  93,  496)  it  ii  dearly 


formula  (I),  and  it  is  pointed  out  that  lyrazilein,  derivod  from 

brazilin  by  the  removal  of  two  atoms  of  hydrogen,  doubtless  has  the 

constitution  (II). 

During  the  course  of  the  present  investigation,  many  new  derivatives 
and  decomposition  products  of  brazilein  are  described,  the  formation 
and  properties  of  which  can,  without  exception,  be  explained  with  the 
aid  of  the  above  foniiula.  In  investigating  brazilein,  we  have  pro- 
ceeded on  the  lines  which  were  so  successful  in  the  case  of  brazilin 
itself,  that  is  to  say,  we  first  protected  the  hydroxy-groups  by 
converting  them  into  methoxy  groups  before  attempting  to  submit  the 
molecule  to  the  action  of  rea^^onts. 

Brazilin  itself  is  readily  methylated  by  treatment  with  methyl 
sulphate  and  potassium  hydroxide,  and  practically  the  only  product  of 
the  action  is  trimethylbrazilin  (Trans.,  1901,  79,  140.3).  Brasilein, 
on  the  other  hand,  is  methylated  only  with  difficulty,  and  the  product 
oontains  two  highly  important  derivatives,  tHm$ihylbraml$in  and 
MtmMfAyMtAyiirodrMtMno^  together  with  large  and  varying 
quantities  of  mono-  and  di-methylhnunlein. 

IhimeihiflhrtutUein, 

O 

MeO|'''%^CH2 

\/\/\0Me)\ 


crystallises  in  magnificent  amber  prisms,  melting  at  177 — 178°,  and 
yields  with  formic  acid  a  highly  characteristic  formate,  a  splendid 
sabstance,  which  crystallises  in  brilliant  ruby  needles  and  is  decern- 
pond  by  alcohol  or  water  into  its  constituents.  It  alxo  combines 
with  mineral  aeads  to  yield  a  scrioa  ol  highly  ohanoteristio  salts  and 

_  /  , 
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donlile  aaltB,  the  conatitirtioii  of  wbioli  im  ^Saamtd  <m  pi  118L 
One  of  the  most  Btriking  properties  of  trimetbylbrmiUoiii  w  the  fftoi 

that  it  dissolves  in  boiling  dilute  potassium  hydroxide  with  addition 
of  water  and  formation  of  tnmethyldibydrobrazileinol, 

Ci<,H^Oa(OMe),  +  H,0  -  Ci,H,oOj(OMe),»OH. 
Trimethylbiaiilati.  ^MiBetfiyldihydrotniUfluioL 

Trimethyldihydrobrazileinol  crystalliBes  in  glistening,  yellow 
prifmis,  melting  at  177°  with  loss  of  water  and  formation  of  trimethyl- 
brazilein.  When  it  is  boiled  with  acetic  acid,  it  is  converted  quantita- 
tively into  the  salt  of  trimethylbrazilein,  which,  on  treatment  with 
mtor»  diseoeiates  into  trimethylbrazilein  and  aoetio  add. 

In  theee  propertiee,  trimethyldihydiobreiUflinol  showi  a  rtriking 
nmilarity  to  trihydrozytriphenyloarbuui],  whioh  readily  loeee  water 
with  fonnation  of  aoriny  and,  when  treated  with  addfl^  is  oonTerted 
into  nlte  of  anrin. 


o 


and  there  can  be  no  doubt  that  the  relationship  between  trimethyl- 
dihydrobrazileinol and  trimethylbiasUein  is  a  similar  one,  and  is  to  bo 
represented  by  the  f ormnhe : 


O 


Meo/\'^^H, 

C(OH)  CH. 


MeOi 


MeO 


OH 


Another  similar  ease  is  the  formation  of  diphenylqainomethanOp 

(CqH^)gCI<[^^^    ^'Q>  by  the  action  of  heat  on  />-hydroxytriphenyl- 

carbinol  (Bistryoki  and  Herbst,  B€r,,  1903,  36,  2336 ;  Baeyer  and 
Villiger,  ibid.,  2774). 

The  interesting  observation  was  also  made  that  diphenylquino- 
methane^  when  boiled  with  potassium  hydnn(ide,  is  eonwted  b^  th^ 
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Addition  of  water  to  the  cj^uinone  grouping  into  j>-h)rdro2^tripheDyl- 
carbinol. 

Thid  change  is  obviously  exactly  analogous  to  the  conversion  of 
trimetbylbrazilein  into  trimethyldihydrobrazileinol,  and  other  examples 
of  the  reversible  conversion  of  a  quinone  into  the  corresponding 
p-hydroxy-com pound  are  to  be  found  in  a  recent  paper  by  Baeyer 
(Annalm,  1907,  354,  152). 

The  second  substance,  wliich  is  produced  in  such  large  quantity,  and 
is,  indeed,  frequently  the  principal  product  of  the  methylation  of 
brazilein  under  the  conditions  employed  in  this  TOoeeTcb»  ia  tetra- 
mHhffldihydrobrainMnol, 

O 

0Me/\^\cH2 

V\/0(OMe)\ 

C(OH)  CH., 
^  / 

MeO  OMe 

a  pale  yellow,  crystalline  substance,  which  shows  none  of  the  extra- 
ordinary power  of  crystallising  exhibited  by  trimetbylbrazilein  or 
trimethyldihydrobrazileinol.  Its  formation  is  due  to  the  fact  that, 
during  the  methylation  of  brazilein  with  methyl  sulphate  aud  potass- 
ium hydroxide,  the  excess  of  alkali,  which  is  always  present,  converts 
much  of  the  trimetbylbrazilein  formed  into  trimethyldihydrobmzi- 
leinol,  which  then  itself  undorgoe8  metiiylation,  and,  in  support  of  this 
explanation,  wo  find  that,  when  treated  with  methyl  sulphate  and 
potassium  hydroxide,  trimethyldihydrobrazileinol  is  readily  converted 
into  tetramethyldihydrobrazileinol. 

lu  order  to  obtain  additional  evidence  as  to  the  constitution  of  this 
tetramethyl  derivative,  we  have  studied  its  behaviour  on  oxidation, 
and  find  that  it  is  readily  attacked  by  chromic  acid  with  formation  of 
a  variety  of  substances  (p.  1144).  From  the  theoretical  point  of  view, 
the  most  important  product  of  oxidation  is  trimethylbrasilone^ 

0 

\/\/  \ 

C(OU)  CH, 


MeO  OMe 
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(coaipave  Tnuis.,  1908»  98,  499),  bMauae  tib»  foramtion  of  this 
rabfttaiioe  is  not  only  valuable  evidsnoe  of  the  oonstitotion  of  tetni* 
methyldihjdfohfasUsiiud,  hut  ako  mahss  it  possible  to  oontiol  In  an 
intereeting  manner  some  difficult  points  in  connexion  with  ths 

constitution  of  brazilin  itself  (p.  1129). 

Thti  colouring  matter  ha:imiteiu  closely  resemblos  brazilein  lx>th  in 
ita  method  of  formation  and  chemical  behaviour.  It  is  produced  by 
the  action  of  oxidising  agents  on  hsematoxyliui  Cj^Hj^O^,  and  is  best 
prepared  by  passing  air  through  a  solution  of  hematoxylin  in  dilute 
ammonia  and  then  precipitating  with  acetic  acid  (Hummel  and 
Perkin,  Trans.,  1862,  41,  368 ;  Krdmann  andSchultz,  AtmaUn,  1883, 
216,  336). 

It  crystallises  in  dark  reddish- black  plates  with  a  brilliant  metailio 
lustre,  and  dissolves  in  alkalis  with  an  intenss  pnrple  colour. 

Hummel  and  Perkin  have  shown  that  the  composition  of  hsmatein 
is  Cj^Hj^Og,  and  that,  unlike  brasiiein,  it  erystallises  without  water  of 
crystallisation. 

It  has  long  been  aainmed,  and  is  clearly  proved  in  the  present 
investigation,  that  hmoatein  is  analogonsly  oonatitnted  to  bracilein. 
Homatein  is,  in  fact,  hydroxybrasilein,  and  the  lektionship  of  the 
two  substances  is  at  once  evident  from  a  comparison  of  their 
formnln: 


(compare  Trana,  1908,  93,  496).  It  is  thoroforo  not  surprising  that 
hiematein  should  behave  on  methylation  in  a  simUar  way  to 
brazilein. 

Unfortunately,  however,  the  presence  of  the  extra  hydroxy-gronp 
enormously  increases  the  difficulty  of  complete  methylation,  and  this 
fact,  taken  in  conjunction  with  the  much  greater  solubility  of  the 
products,  prevented  us  for  a  long  time  from  isolating  and  examining 
these  highly  interesting  methyl  derivatives  of  hgmateln. 

Subsequently  we  were  able  tooveroome  these  diflioulties,  and  the 
crude  product  of  methylation  which  we  finally  obtained  was  found  to 
consist  essentially  of  tetxamethylhiBmatein  and  pentamethyldihydvo- 
hnmateinoL 


O 


HO 
Hawnateiiu 


O 
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Te»rmn9lk^lhamai${n  (I)  crystallifles  in  iplendid  mber  prisms,  BMlte 
at  and,  when  digested  witb  dilnte  potessium  hydnnide*  is  oon* 
verted  hj  the  additson  of  water  into  UikwntiAi^ihydrahamaiHnol  (II). 

MeO     O  MeO  O 

ls^^a(OMeK  \y\/C(OMe)\ 
C  OH,  C(OH)  (3Hj 


MeO       5*  MeO 

(I.)  (IL) 
Tliis  substance  crystallises  in  yellow  prisma,  melts  at  183°,  and 
is  reconverted  into  tetrametbylhamatein  by  heat^  or^  better,  by 
boiling  with  glacial  acetio  aeid. 

MeO  O 

Me0/\/^CH2 

\A/C(OMe)\ 

C(OH)        CH,  I 


^=5 


MeO  OMe 

crjstalli.ses  with  great  facility  iu  pale  yellow  plates,  melts  at  160*', 
and  is  also  producetl  when  totramethyldihydrohjematoinol  Is  methyl- 
atcd  with  methyl  sulphate  in  the  presence  of  potassium  hydroxide. 

This  brief  description  will  suilice  to  show  that  braziU'in  and 
ha^matein  behave  in  a  similar  manner,  and  give  rise  to  exactly 
analogous  products  of  methylation  when  they  are  subjected  to  the 
action  of  methyl  solphato  and  potassiam  hydroxide  in  large  exoees. 


Tk$  PyrwMH  Mii  d$rividJrom  Broitikin,  Hamatem,  ond  ih$k  Msthyl 

In  the  year  1882,  J.  J.  Hummel  and  A.  Q.  Perkin  (Trans.,  41, 
367)  made  the  remarkable  observation  that  brazilein,  Oj^HjiO^,  and 
h«matein,  Cj^H^^^c  ^  converted  by  the  action  of  mineral  acids  into 
orange  or  red  salts,  from  which  it  was  not  found  possible  by  the  action 
of  alkalis  to  regenerate  the  original  colouring  matters. 

The  sulphate  obtained  from  braiilein  is  formed  according  to  the 
e(|natioii 

and  was  named  tsebrasilein  add  sulphate.  The  chloride,  Ci^HjjQitOl, 
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a  dark  brown,  crysUUIne  aubotanoe  with  a  mlat  lustra^  is  formed  hf 
the  aetion  of  hydroehlorio  add  od  btasilaiii*  and  tlie  conoBponding 
hydrobromide,  Gj^H^jO^Br,  crjslaUisef  in  deep  oraDge  ptiamt. 

ThMe  salts  wars  nsmed  tsobnsilein  eUorobydrin  and  bromobjdrin 
raspectiTelj.  Hnmatein  yields  an  exactly  similar  series  of  orange  or 
red  tsohaematein  salta. 

Whilst  we  were  examining  these  highly  coloured  salts,  we  were  much 
struck  with  the  similarity  they  showed  to  the  pyranol  salts  described 
by  Billow  and  Sicherer  (Ber.,  1901,  34,  3890),  and  this  led  us  to  under- 
take the  investigation  of  a  large  number  of  pyranol  salts  in  order  to 
determine  whether  they  were  really  analogously  constituted  to  tho 
wobrazilein  and  t«ohtematein  salta  (compare  p.  1123).  As  the  work 
proceeded,  we  became  more  and  more  convinre<l  of  the  pyranol  nature 
of  these  salts,  and  wo  have  now  no  hesitation  in  fonnulating  tbeia  all 
as  derivatiyes  of  4 : 3-indenobenzopyranol(l :  4), 

O 


and  to  represent  tbem  as  anbydnxalts  in  tbe  manner  suggested  in  tlie 
paper  immediately  preeeding  tbis.  Tbus  tfobrasileinacid  salpbate  bas 

the  constitution 


and  is  7:4':  b' •trihydroxij-^  :  3  indenobenzopi/ranol{l  :  4)  aiihi/dro- 
hydrogen sulpfuite.  t«oBrazilein  chlorohydrin  has  tho  analogous  formula 
with  CI  in  the  place  of  HSO4,  ^®  Moiuematein  salts  are^  of  course, 
also  similarly  constituleJ. 

In  order  to  obtain  evidence  in  support  of  this  view,  wo  have 
studied  the  action  of  sulphuric  acid  on  the  methyl  derivatives  of 
brazilein  and  hsemateio,  and  also  on  tetrametbyldibydrobraiileinol  and 
pentamethyldihydrohtemateinol.  In  all  these  cases,  oxonitun  sulphates 
were  obtained  which  could  be  converted  by  tbe  nsual  methods  into 
otber  cbaiaoteristio  simple  and  double  salts.   Xbe  examination  of  tbeaa 


C(OH)  CH, 


HSO^ 


O 
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salts  has  proved  beyond  a  doubt  that  they  are  closely  connected  with 
the  2  : 3-indenobenzopyranol  anhydro-salts  described  in  the  communica- 
tion immediately  preceding  this  paper.  One  of  the  first  cases 
investigated  was  that  of  the  action  of  aulphuric  acid  on  trimethyl- 
brazilein,  and  this  will  serve  as  an  example  in  illustration  of  the 
formation  of  all  the  other  salts.  The  analysis  of  the  sulphates  shows 
clearly  that  methyl  alcohol  is  eliminated  during  its  foruifttioiiy  and  the 
chaoge  which  takes  place  is  evidently  the  following : 

HJ9O4 

O  .0 
MeO.^'N^^CH,  Me0/\^N::|H 
is^'^i(OMe)\  kA/^ 

0  CHo  +  H^.  — >  C  CBL 

\  /  \. 


O  MeOy 

Since,  however,  the  pyranol  base  is  soluble  in  alkalis,  the  quinonoid 
oxygen  must  have  become  phenolic,  and  the  correct  formula  for  the 
sulphate  ia  therefore  in  all  probability 

O 


MeOOH 

This  formola  not  only  aeoonnts  for  all  the  properties  of  the  salt  and 
its  derivatives,  hot  also  brings  its  constitution  into  harmony  with  that 
of  the  other  snlphates^  sneh  as,  for  ezample,  the  sniphate  obtained 
from  tetramethyldihydrobrasileinoL  In  the  case  of  this  latter  salt, 
the  quinonoid  grouping  cannot  be  present,  and  the  anhydro^alt  must 
therefore  be  o-quinonold : 

HSO. 

O  O 

ls^yS^C(OMe)\ 

CXOH)        CH,      ^  0  CH- 

\  / 


> 


MeU        OMe  MeO  OMe 

VOL.  JLClli«  4  E 
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The  anhffdro/ernehhride  must  therefore  have  the  formula 

FeCl^ 
O 


1 1 
O 

0  OH, 


MeO  Oiyie 


and  is  laomene  with»  and  olosely  related  to^  iJm  anhifinfiniekhride  of 

4' :  5' :  l-irinMoxi/  ^  :  Z4i»dmobmuKip^nmoi  (1 : 4), 

FeCl^  ' 
O 

MeOr^/^C  /\0Me 

CH  CH, 

(compare  p.  1107).   The  two  Bubstancefl  are  natarally  quite  distinct, 
but  at  the  time  when  it  was  thought  that  the  oonstitation  of 
was  represented  hj  the  formula 


no 


^      '  'oh 


CH  OH  CH^ 

(Trans.,  1908,  93,  491),  this  point  was  of  eztnordinary  interest 
Had  this  formula  for  brazilin  been  correcti  the  pyranol  salts  from 

tetramethyldihydrobrazileinol   would  have  been  identical  with  tho 

corrospoiiding  salts  of  4'  :  5'  :  7-trimothoxj-2  ;  3  indenobenzopyranol 
(1  :4).  That  this  was  found  nob  lo  be  the  case  was  alaiost  the  first 
evidence  of  the  incorrectness  of  any  formula  for  brazilin  based  on  tbe 
structure 

0 

-/\0H 
^OH  • 

0  0 


« 
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Ths  AeUan  qf  Hydrogm  Peroxide  m  BraziUin,  Hamnatein,  and  ih«ir 

Derivatives,* 

One  of  the  moBi  remarkable  aeries  of  deoompoeitioiia  whioh  brasilelii, 
hmnateiD,  and  their  derivatives  exhibit  is  the  behaviour  whioh  these 
substances  undergo  when  they  are  treated  with  hydrogen  peroxide  in 
acetic  acid  solution.  Under  these  coDditions,  brazilein  is  converted 
into  a  deep  brown,  crystalline  substance,  which  is  obviously  a 
quiuoue,  and  to  which  we  have  assigned  the  constitution 

H0/\~0'CHvC(0H)-CH,— /N:0 

^  u      o:l  JOH' 


and  the  name  a :  4  :  2'  :  5' -tetraht/drozij-^' -pheiioxf/-^  2  :  5 •^141*710^^80* 
btUi/ric  acid.  This  interesting  (jiiinone  is  converted  by  reduction  in 
alkaline  or  acid  solution,  into  a  colourless  substance,  and  is  charac- 
terised by  the  remarkable  series  of  colour  reactions  which  it  exhibits 
( p.  1 155).  Its  properties  are  so  unosual  that  we  propose  to  submit  it 
to  further  detailed  investigation. 

For  a  considerable  time,  the  nature  of  this  quinone  could  not  be 
understood,  and  the  first  clue  to  its  formation  was  obtained  as  the 
result  of  a  series  of  experiments  on  the  action  of  hydrogen  peroxide 
on  aorin.  It  has  already  been  suggested  (p.  1118)  that  aurin  and 
brasUein 


HOi 


Aurin.  BraziloiD. 

are  in  many  ways  analogously  eonstituted,  and,  in  order  to  obtain 
some  indioation  of  tlie  mechanism  of  the  oxidation  of  brasilein  and 
its  derivatives  by  hydrogen  peroxide,  experiments  were  instituted 


*  In  the  scheme  of  nomenclature  euiployed  in  this  section,  these  subatances  arfl 
cowidend  at  derivatiTea  of  fi-phcHyl-ff-phcnoxyimbutyric  acid, 

S'         ^  / 

4  fi  2  ^ 
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under  the  flame  oonditiooB  with  anrin.  A  preUminaxy  aeeount  of  these 
experiments  has  been  published  (Perkin»  Proc.,  1907,  23,  166),  and  it 
is  there  shown  that  aurin,  when  oxidised  by  hjdrogen  peroxide  in 
acetic  acid  solution,  yields  /)-hydroxybenzoic  acid  and  quinone. 

The  probable  course  of  this  interesting  decomposition  (which  see  ma 
to  be  shown  by  other  quinonoid  substances)  is  the  following. 


Aurin  in  the  first  place  reacts  with  one  molecule  of  hydrogen 
peroxide,  and  suffers  degradation  according  to  the  scheme : 


The  latter  snhstaaoe^  either  as  soeh  or  in  its  tantomeric  form,  is 
then  farther  oxidised  to  fhhydroxjbensoic  add  and  bsnio^ainone 


If  an  exaotly  analogoos  series  of  reactions  is  formnlated  in  tbe 
ease  of  braiileiny  it  is  seen  that  the  result  of  the  addition  of  hydrogen 
peroxide  and  snbseqnent  oxidation  is  the  formula  whleh  we  suggested 
for  the  quinone : 


•s. 
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When  triimihylbrazUein  is  treated  with  hydrogen  peroxide  in 
acetic  acid  solution,  it  behaves  somewhat  dilTereutly  from  brazilein,  and 
iB  converted  almost  quantitatively  into  a  colourless  lactone,  which 
melts  at  218°  and  contains  three  me thoxy-g roups.  The  investigation 
of  this  substance  clearly  indicates  that  it  is  the  lactone  of  2' :  2  :  5- 
tri/iydroxy-a:i  :5'-tHmeOwxy  (3  p/i^noxy-p-p/ienylisobiUyrie  add,  aod 
that  its  constitution  ia  represented  hj  the  formula 

MeO|^-0-CH2-C(OMe)-Clio-f'^,OH 
Is^^^O— CO         okl^OMe  • 

The  formation  of  this  laotone  from  trimethylbrasildn  can  be 
explained  on  the  lism  adopted  in  the  case  of  brazilein,  but  it 
is  perhaps  more  readily  understood  if  we  consider  the  observation 
that  the  same  lactone  is  produced  even  more  readily  by  the  action  of 
hydrogen  peroxide  on  trimethyldihydrobrazileinol  (p.  1158)  : 

O 

MeO/\/\cH, 

C(OH)  OH 


If  two  hydroxy-groups  are  added  to  (a,  a,)  and  one  oxygen  atom  to 

(b)  in  this  formula,  the  following  expression  is  obtained : 

A,OH 

and  the  dehydrating  action  of  the  warm  acetic  acid  employed  causes 
elimination  of  water  and  formation  of  the  lactone  of  melting  point 
218**.  Since,  however,  the  hydroxy-actd  contains  two  hydroxyquinol 
resldaes,  lactone  formation  may  obviously  take  place  between  the 
oarboxyl  group  and  the  hydroxyl  group  of  either  of  theee  residues. 
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We  tbink  it  probable  tbat  tbe  bydrozy-group  of  tbe  residae  on  the 
left  hand  takes  part  in  tbe  lactone  formation  principally  becanse  tbe 

lactone  behaves  towards  oxidising  agents  aa  though  it  contained  two 
free  hydroxy-groups  in  the  />-position,  and  we  have  therefore  assigned 
to  it  tlio  constitution  given  above. 

"When  this  lactone  is  methylated  in  strong  alkaline  solution  with 
methyl  sulphate,  the  lactone  ring  suffers  disruption,  and  the  product 
consists  of  the  imthyl  ester  of  a  :  2  :  4  :  5  : 2' :  b'-hexamethox^-fi^-jfhenoxjf' 
fi'phmylisobiUyric  acid.   The  free  acid, 

MeO/\^'OHjC(OMe)-CH,-f^P 
I^OMe     6o,H  MeOi^OMe' 

obtained  from  the  methyl  ester  by  hydrolysis,  crystallises  with  one 
moleeule  of  water  in  prisms  and  melts  at  102°. 

TUrmn^h^diht/drobrcizileinol  also  reacts  readily  with  hydrogen 
peroxide  in  aeetio  add  solution  (p.  1161),  and  is  converted  into  the 
lactone  of  2' :  %dihifdrcx$f-a :  4 : 5 : 5'40lraiiMlAoa}y-/3'^|jAsiioa^/l4^ 
huiyrie  aeid  (m.  p.  16(P) : 

MeO/\o-CHo-C(OMe)-CH,-r^NoMe 
!s^— 0— 00  HOlJoMe' 

a  change  which  is  exactly  analogous  to  the  formation  of  the  lactone 
of  melting  point  318^  from  trimethylbrazilein  under  the  same 
conditions.  The  lactone  (m.  p.  160°)  yields  on  treatment  with  methyl 
sulphate  and  potassium  hydroxide  the  methyl  ester  of  o  :  2  :  4  : 5  :  2' :  5'- 

hexamethoxy-/3'-phenoxy-yS-phenylwobutyric  acid  (see  above),  and 
this  fact  is  strong  evidence  that  the  explanations  of  the  formation  of 
these  lactones  and  the  constitutional  formuln  assigned  to  them  are 
correct. 

When  heematein  is  treated  with  hydrogen  peroxide  under  the 
conditions  described  in  the  case  of  brazilein,  it  yields  a  nearly  black 
quinone,  the  investigation  of  which  is  not  yet  complete.  The  methyl 
derivatives  of  hjcmatein  also  react  readily  with  hydrogen 
peroxide,  but  tlio  inoduc  ts  are  syrups  and  have,  so  far,  not  been 
obtained  in  a  crystalline  condition,  and  they  could  theiefore  not  he 
puri£ed  and  analysed. 

In  the  foregoing  pages,  we  have  adopted  the  formula  I  (see  p.  1129) 
for  brazilin  which  was  suggested  in  our  last  paper  (Trans.,  1908,  98, 
496),  and  have  accepted  it  as  comet.  '  It  was,  however,  pointed  oat  at 
that  time  that  the  position  of  the  alooholio  hjdroxyl  group  in  that 
formula  was  open  to  some  douht^  and  that  there  weye,  indeed,  two 
formulBB  for  brasilin,  namely. 
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CH  GH,  and 


HO     UH  HO  UH 

(I.)  (11.) 
which  seemed  to  account  almost  equally  well  for  all  tiic  theu  known 
properties  of  tliis  substance.  The  study  of  the  methyl  derivatives  of 
brazilein,  and  especially  the  investigation  of  tetramethyldihydro- 
brazileinol,  has  now  made  it  possible  to  decide  detiuitely  in  favour 
of  formula  I.  The  two  oxpresnions  (1  and  II)  for  brazilin  lead  to 
four  possible  formuhc  for  trimethylbrazilein,  three  of  which  (III,  IV, 
and  Y)  are  derived  from  I  and  the  other  one,  YI,  from  11 : 
O  O 

l,Ay'A(OMe)\  V\/C(OMe)\ 

O  CH,  0  OH, 


< 


< 

O 

MeO/^j/^^CHg 

^'\/i(OMe)x 

UH  OH 


iDMi 


(V.)  ^  (VI.) 

These  four  ezpreBsioDS  for  trimeihylbrasUeiD  lead  to  three  formula 

for  Mranulhjfldiht/dr^hrasU$ii%ol,  namely, 
O 


MeOr   Y  MeO 


^A/C(OMe)x 

O^H)  OH, 


UH-OH 


MeO        OMe  MeO  OMe 

(VIL)  (vm.) 
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0(OMe)  OH-OH 


MeO  OMe 

(IX.) 

Since,  however,  tetramethjldihydrobrazileinol  yields  trimethjl- 
braulooe, 

O 


> 


MeO  OMe 

{lo€.  eit.  p.  498),  on  oxidation,  it  follows  that  the  correct  ex pre.ssion  for 
the  former  must  contain  a  "^CH.^  group  the  position  marked  by  the 
asterisk  in  the  latter  (compare  Trans.,  1908,  93,  492).  The  only  formtila 
which  fulfils  this  condition  is  VIF,  and  this  therefore  must  represent 
tetraroethyldihydrobrazileinol.  This  expression  may  be  derived  from 
lU  or  IV  for  trimethylbrazileio^  aiid»  as  these  are  both  derived  from 
formula  I,  it  follows  that  this  expression,  which  we  have  adopted  in 
this  and  in  the  last  paper,  must  be  the  constitutional  formula  of 
braziliD.  The  question  now  arises  "  which  of  the  formolA  III  and  IV 
represents  trimetbylbrazilein  f "  The  results  of  our  ejqperiineiite  on 
the  methyktion  of  biniilein  have  shown  that  there  is  one  phenolk 
hydrozyl  group  in  that  substance  which  is  exceedingly  difficult  to 
methylate,  and,  indeed,  the  fact  that  dimethylbimiOein  (p.  1133)  it 
one  of  the  products  of  methylation  and  is  solable  in  dilate  alkalis 
proves  that  the  alcoholic  hydroxyl  gronp  in  brssQein  is  actually 
methylated  before  that  partioalar  phenolic  hydroxyl  group. 

The  formnltt  for  brsiilein  corresponding  with  lU  and  lY  for 
trimethylbnudlmn  are 

O  O 

Ho/V^CH,  o:/\/\(;;h, 

O  OH.  0  CHs 


HO      V  Ho  OH 

<X.)  O 
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and  it  is  clear  that  XT  does  not  offer  an  explanation  of  this  difficulty 
of  metbylation,  since  both  the  o  hydroxy-groups  in  the  positions  they 
occupy  in  that  formula  are  well  known  to  be  readily  methylated. 
On  the  other  hand,  formula  X  contains  a  hydroxy-group  adjacent 
to  the  quinonoid  oxygen,  and  it  has  been  repeatedly  observed  that  a 
hydrozy-groap  adjacent  to  an  acidic  group,  such  as  ^-CO  or  -CO.jH, 
or  to  qoinoiiotd  oxygen  is  methylated  only  with  extreme  difficulty. 
These  and  other  argamente  which  will  readily  suggest  themselves 
oloarly  prove,  in  our  opinion,  that  the  constitution  of  brazilein  is 
repreeented  by  formala  X  and  oonaequently  that  of  trimetbylbraaUeia 
byUI. 

EZPBBIMBXTAIi. 

The  Methylation  of  Brazilein. 

The  braoleia  which  we  employed  in  the  experiments  described  in 
this  paper  4ra8  prepared  from  brazilin  by  oxidation  with  iodine  (com- 
pare Liebermann  and  Burg,  JStr.,  1876,  9,  1886 ;  Benediet^  Afmakm^ 
1875,  178, 101).  The  eniall  quantify  of  iodine  which  it  contained 
was  removed  dnring  the  prooees  of  oonverrion  into  trimetbylbrasilein. 

Brasilin  (earefnlly  pnrified  by  reosTStallieation  from  ditote  alcohol, 
50  grams)  is  dissolved  in  the  smallest  possible  quantity  of  warm 
alcohol,  mixed  with  bot  water  (4  litres),  the  clear  eolation  cooled  to 
60 — ^70^,  then  a  solntion  of  iodine  (33'8  grams)  in  alcohol  (42*5  c.c.) 
added,  and  the  mixtare  allowed  to  remain  overnight. 

The  braiilein,  which  separates  in  oharacteristic  glistening  crystals, 
is  collected,  well  washed,  first  with  water  and  then  with  warm  alcohol, 
and  dried  on  porous  porcelain  at  the  ordinary  temperature.  The 
yielil  is  about  30  grams. 

The  conversion  into  trimethylbrazilein  is  carped  out  as  follows  : 
Brazilein  (115  grams)  is  mixed  in  a  large,  round-bottomed  llask  with 
water  (550  c.c.)  and  ice  (200  grams),  aqueous  potassium  hydroxide 
(185  c.c.  of  43  per  cent.*)  is  then  added,  and  the  flask  well  shaken 
until  the  brazilin  has  completely  dissolved.  Methyl  sulphate  (210  c.c.) 
is  then  pourod  in  all  at  once,  and  the  whole  continuotisly  slmkon, 
rise  of  temperature  being  carefully  checked  by  cooling,  when  it  will 
be  observed  that,  after  about  forty  to  iifty  minutes,  a  solid  will  have 
commenced  to  separate.  A  further  quantity  of  the  potassium  hydroxide 
(130  CO.)  is  now  added  in  three  or  four  portions  daring  the  course  of 
a  quarter  of  an  hour,  the  shaking  and  cooling  continped  as  before, 
and,  when  the  operation  is  finished,  the  deep  crimson  colonr  o£  the 
original  alkaline  solution  will  have  obaoged  to  brown. 

After  remaining  for  four  hoars,  the  precipitate  is  collected  on  calico 
on  filter  frames,  ground  with  water,  filtered  at  the  pomp^  and  washed 

*  This  oomsponda  approxioiatolj  with  equal  qoantities  of  potaisiaiii  hydroxide 
(Hank)  snd  water. 
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ulth  rmy  dUnte  •odmm  hydr«iid#  and  tbaii  wttb  miler  wM  the 

washings  are  only  a  pale  sherry  oolonr.* 

The  ochreoua  residue,  after  drying  on  porous  porcelain  over  buU 
phuric  acid,  should  weigh  about  80  grams.  The  deep  reddish-brown 
filtrate  is  mixed  with  ice,  just  acidified  with  dilute  sulphuric  acid  (or, 
better,  acetic  acid),  and  the  orange  precipitate  collected,  washed,  and 
dried  on  porous  porcelain.  The  residue  may  be  crystallised  from 
acetic  acid,  from  which  it  separates  as  a  garnet,  crystalline  mass,  which 
is  soluble  in  alkalis,  and,  on  analysis,  gives  numbers  agreeing  apprOJU.* 
mately  with  those  required  for  dirmthylbraziUin  : 

0-1541  gave  0-3881  CO,  and  0  0699  H^O.    C  =  68*7  ;  H-d-O. 
OjgHi^Of  requires  0«69*2 ;  H« 6*1  per  cent. 

The  methozy-groupe  wwe  detenaiiied  by  Zeieel's  iiietliod,t  with 
the  following  resalt : 

0-2251  gave  0  3163  Agl.  OMe^lS'S. 
Cjk^lIj^jOj,  contaiiuug  two  OMe  groups,  requires  OMe=  19*7  per  cent. 

As  the  yield  of  crystalline  substance  was  only  very  small,  it  has, 
in  the  meantimo,  not  been  further  investigated.  The  crude  dimethyl- 
brazilein  is,  however,  very  valuable,  and  was  always  carefully  collected 
and  subjected  to  further  methylation  in  the  following  way. 

The  dry  substance  (250  grams)  is  dissolved  in  water  (1  litre)  and 
potassium  hydroxide  solution  (180  o.o.  of  43  per  cent.),  mixed  with 
methyl  sulphate  (216  e.a),  and  the  whole  well  shaken  and  cooled  aa 
befofe^  when,  in  about  twenty  minutes^  a  precipitate  will  oomnMooe  to 
separate. 

A  farther  quantity  of  potaariom  hydroxide  (liO  o«o.)  Is  then  added 
in  small  quantities  at  a  time,  and,  after  shaking  and  oooling  for  ten 
minutes,  the  whole  is  left  ovemight  and  the  product  worked  up 
exactly  as  before,  'tht  total  yield  of  the  product  of  methylatioD, 
insoluble  tn  dilute  alkali,  should  be  about  80  grams  from  the  115 
grams  of  brasilein  employed. 

l^pwraiUm  of  IVimtt^^omlein  and  MttMns%liiMydiro6rosi2imoJL 

The  crude  product  of  the  methylation  of  brazilein,  insoluble  in 
alkali,  consists  essentially  of  a  mixture  of  trimothylbrazilein  and 
tetramethyldihydrobrazileinol  in  approximately  equal  quantities. 
The  separation  of  these  substances  is  a  matter  of  considerable  experi- 

*  When,  «  MDMtimca  happens,  the  orade  product  Is  daik  eolooied,  soft»  and 
resinous,  it  is  gr(mn<l  with  very  dflate  todioni  bydnurfde  and  sUewvd  te  alsad  until 

it  has  bocome  hard  and  granular. 

t  The  (lotennmatlons  of  methoxy  grou]>s,  given  in  tliia  paper,  were  all  carried 
out  by  rorkin  s  ruo-lification  of  Zeisel'a  method  (Trao*.,  1903,  83.  1867),  which  Was 
found  to  bo  vory  rapid  and  accurate, 

» 
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mental  difficulty,  owing  to  the  presence  of  reBinous  matter,  and  to  the 
fact  that  tetramethyldihydrobrazileinol  ia  so  soluble  in  nearly  all 
solvents,  and  has  so  little  tendency  to  assume  crystalline  form,  thai  it 
prevents  the  crystallisation  of  the  trimethylbnusilein.  Ultimatoly  vre 
devised  the  two  following  methods  of  separation,  whioh  have  enabled 
us  to  prepare  pure  trimethylbmilein  in  oonsiderable  qnantitiee. 

L  SqtaraHon  hjf  Miont  ^  Formie  AM. — ^The  erode  prodnet 
(63  grams)  is  warmed  with  formic  add  (100  cc.  of  sp.  gr.  1*22)  at 
50^  until  dissolved,  warm  water  (35  e.c.)  is  then  added,  and  the  deep 
red  solution  left  for  several  days.  The  brilliant  crimson,  crystalline 
sediment  of  trimethylbrasilein  formate  (p.  1136)  is  collected,  washed 
with  dilute  formic  acid  (1  part  to  4  parts  of  water),  drained  on 
porous  porcelain,  and  boiled  with  dilute  alcohol  (75  per  cent.).  The 
alcohol  decomposes  the  formate,  and,  on  cooling,  pure  trimethyl- 
brazilein  separates  in  glistening,  amber  prisms,  but  the  yield  is 
usually  very  unsatisfactory.  The  tetramethyldihydrobrazileinol  con- 
tained in  the  mother  liquors  may  be  precipitated  by  water  and 
separated  from  trimethylbrazileio  by  treatment  with  alcoholic  potash 
in  the  way  described  on  p.  1138. 

II.  tSeparatwn  by  Means  of  Ether. — In  dealing  with  largo  quantities 
of  material,  the  following  process  of  separation  gives  the  more  satis- 
factory results,  and  is  based  on  the  observation  that,  whilst  tetra* 
methyidihydrobrazileinol  is  very  soluble  in  ether,  tri methyl brazilein 
is  sparingly  soluble  in  this  solvent.  The  crude  product  is  kneaded 
with  pfher  in  a  mortar,  the  ether  being  decanted  and  replaced 
by  fresh  solvent  about  fifteen  to  twenty  times  and  until  practi- 
cally all  the  tetramethyldihydrobrazileinol  has  been  extracted.  The 
residue  is  then  dissolved  in  boiling  alcohol  and  allowed  to  stand 
for  twenty-four  hours,  when  a  cake  of  crystalline  trimethylbrasilein 
will  have  separated,  and  farther  large  quantities  may  be  obtained  by 
digesting  the  mother  liquor  with  animal  charcoal  and  then  allowing  it 
to  concentrate  slowly  in  the  air.  The  ethereal  solution  containing 
the  tetramethyldihydrobfasUeinol  is  evaporated,  and  the  lesidas^ 
amber  syrup  kneaded  and  left  in  contact  with  water  until  it  has  been 
converted  into  a  chalky  mass,  which  is  drained  on  porous  porcelain 
and  purified  as  explained  on  p.  1139. 

For  analysis,  the  substance,  obtained  as  described  in  the  last  section, 
was  several  times  reerystallised  from  alcohol : 

I.  0-2038  gave  0  ol82  CO^  and  0-0992  H2O.    C  =  69-3;  H  =  5-4. 
11.0  1620    „    0-4143  OO2    „   0-0790  UgO.    C  -  (39  6  ;  H  =  5-5. 
CjgHj^O^  requires  C» 69*6 i  Has 5-5  per  ^nt. 
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The  determination  of  the  metboxy-groups  by  Zeisel's  method  gave 
the  following  results  : 

0-3462  gave  0-7712  Agl.    OMe  =  28-2. 
0-2936    „   0-6219  AgL  OMo-28-0. 
C|gH|gOs,  oontainiDg  three  OMe  groups,  reqniree  OMe«28*6  per  cent. 

JHaM^hrazOmn  melta  at  177—178''  to  a  led  liquid,  and  is  readily 
eoloble  in  methyl  or  ethyl  alcohol,  chloroform,  benaene,  acetic  acid,  or 
ethyl  acetate,  bnt  Bpariogly  so  in  ether  or  light  petroleum,  and  the 
solutions  stain  the  skin  a  deep  yellow. 

The  finely-diyided  substance  dissolves  appreciably  in  boiling  water, 
and  the  deep  yellow  solution  deposits,  on  cooling,  a  voluminous  mass 
of  bright  yellow  needles.  The  most  suitable  solvents  for  crystal- 
lising large  quantities  seem  to  be  ethyl  alcohol  or  ethyl  acetate. 
Trimethylbrazilein  crystallises  in  glistening,  yellow  plat-es  or  in 
needles,  or  in  hard,  nmber  prisms,  often  of  considerable  size,  but 
the  conditions  under  which  these  different  forms  are  deposited  are 
not  known.  On  one  occasion,  however,  it  was  observed  that  a  mass 
of  needles  which  had  separated  from  an  alcoholic  solution  changed  in 
the  course  of  a  few  hours  and  while  still  in  the  mother  liquor  into  the 
hard  prisms.  That  trimethylbrazilein,  like  trimethylhrasilone,  crystal- 
lises in  different  modifications  is  also  indicated  by  an  observation, 
which  has  twice  been  made,  tbat»  whilst  in  nearly  all  cases  it  melts  at 
177°  under  certain  conditions  crystals  are  deposited  which  melt  at 
169°;  and  a  snbetance  of  this  melting  point  was  nsed  in  analysis  LL 
In  order  to  determine  whether  trimethylbramlein  yields  an  acetyl 
derivative  (compare  Herxig,  JTonoteA.,  1898^  19,  743),  the  pore 
substance  (2  grams)  was  digested  with  acetic  anhydride  (10  grsms) 
and  anhydrous  sodium  acetate  (2  grams),  when  a  dark  brown  solation 
was  obtained,  which  deposited  the  nnbhanged  snbstanoe  on  dilation 
with  water.  IMmethylbr^lein  is  very  readily  oxidised  by  nitric  or 
chromic  adds,  but,  on  the  other  hand,  it  is  not  very  readily  attacked 
by  alkaline  permanganate  in  the  cold ;  on  warming,  ozidatioD  takes 
place  readily,  with  the  formation  of  large  quantities  of  oxalic  acid. 

The  following  description  of  the  crystalline  form  of  trimetliyl- 
braziloin  was  supplied  by  Mr.  George  Jerusalem.  The  crystals  are 
large,  araber-coloured  prisms,  which  fracture  conchoidally  and  show  no 
definite  cleavage;  they  belong  to  the  monosymmetric  system,  and 
exhibit  the  two  forms />{110[  and  glOllj  about  equally  well  developed. 
The  form  6|010|  is  always  present,  but  is  so  poorly  developed  that  no 
measurements  were  obtained  for  it. 

Crystal  System. — Monosymmetric  and  Pseudorhombio : 

a:6:o»0-371l:  1:06860.  p^9W%0\ 
Forms  observed.— 17{  110),  ^{011},  and  ^;010;. 
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The  foUowing  angular  meMiixeiiieiitB  were  oVteined ; 


Number 

Angle. 

ofobaervA- 

frlWitTfft 

Hmb* 

GUeowted* 

tiona. 

110 :  iTO 

12 

i<f^—  Aurw 

40*48'80" 

110  :  IlO 

11 

138  50  —139  39 

189  16  0 

189*16'80'' 

Oil  :  Oil 

7 

60  25  —  60  53 

60  44  30 

110  :  Oil 

8 

80  7—  80  17 

80  10  30 

79  57  20 

on :  no 

8 

100  8—100  20 

100  1816 

10018  0 

110 :  on 

6 

79  81—  79  67 

70  4660 

The  erystels  were  not  snffieieiitly  traaspeient  for  the  ntisf actory 
determinatloiiB  of  the  optical  properties,  bat  the  eztinetioiis  on  the 
faces  of  p{llO}  and  ^{Oll}  were  oheerved  to  be  in  aooordance  with  the 

geometrical  symmetry. 


THmethi/lbrazilem-hi/droxylam%ne,  Cj^HigO^ N H^* OH. * 

This  rabetanee  was  obtained  as  the  xesolt  of  an  experiment  made 
with  the  object  of  preparing  an  ozime  of  trimethylbrasUein. 

Hydrozylamioe  hydrochloride  (7  grams)  was  dissolved  in  the 
smalleet  possible  quantity  of  hot  water,  mixed  with  sodium  methoxide 
(Na«3*S  grams),  and,  after  filtering  from  the  predintated  sodium 
ohloride^  finely-powdered  trimethylbnsilein  (3  grams)  was  added  to 
the  filtrate. 

At  first  a  deep  oraogo  solution  was  produced,  but  this  soon  became 
lighter,  and  ultimately  only  very  pale  yellow.  After  remaining  for 
several  hours,  the  solution  was  left  to  concentrate  over  sulphuric 
acid,  filtered  from  a  trace  of  salt,  and  the  concentration  continued, 
Yiheu  large,  colourless  prisms  separated  which  were  quite  free  from 
inorganic  matter  : 

0-1606  gave  0  3755  CO,  and  0  0853  H^O.    C-63  8;  H  =  5-9. 

01841    „   0-4334  CO2  „    0-0993  H^O.    C  -  64-2  ;  H  -  6  0. 

0-3012   n    9-5  c.c.  nitrogen  at  15^  and  769  mm.    N  =  3-8. 

0-3107    „    9-6  c.c.      „       „  1S*»  „    773  mm.    N  =  3'6. 
CigHjiOgN  requires  C-63-5  ;  H°«5'8  ;  N  =  3-9  per  cent. 

IVimethylbrauUk^lfdraxfflcmine  is  sparingly  ^  •lublo  in  water  or 
alcohol,  and  decomposes  at  about  150^  with  evolution  of  gas.  When 
boiled  with  acetic  add,  sodium  carbonate,  or  ammonia,  it  is  deoom- 
poeed  with  separation  of  tiimethylbrasilein. 

Saii§  of  Ttin$lh^lirwdkm,^OD»  of  the  meet  charaoteristie  properties 

*  The  addition  of  hydtozjlunbio  ooenrs  obviosaly  at  the  quiDonoid  linking,  the 
ynom  btiBg  similar  to  that  whieh  tskss  place  in  the  fomatioB  of  tiiniethyl' 
-dihjrdiobnidliiiMil  (iw  1186|. 
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of  tliia  Bubstaaoe  is  tlie  case  with  wUeh  it  oombinM  with  eoneentnled 
adds  to  yield  deep  erimsoa  aalts.  When  a  aoliitioii  of  trimethji- 
brazileiii  in  aoetio  acid  is  mixed  with  coDcentrated  sulphuric  acid,  an 
inteoBe  crimson  solution  is  formed,  which  soou  depubita  a  Tolumiuou^ 

mass  of  deep  crimson  needles  of  the  sulphate. 

Similarly,  the  hydrochloride  separates  in  red  needles  with  a  violet 
retlex  when  concentrated  hydrochloric  acid  is  added  to  the  solution  of 
trimethylbrazilein  in  acetic  acid.  Both  of  these  salts  are  decomposed 
by  water  with  separation  of  a  yellow,  crystalline  precipitate  which 
doubtless  consists  of  trimethylbrazilein. 

Perhaps  the  most  ch;u  acteristic  salt  is  the  formaUf  G^^'^^jd^GH^fii^ 
which  was  prepared  in  large  quantities  and  employed  in  the  purificatioa 
of  crude  trimethylbrazilein  (p.  1133).  When  trimethylbiasiUin  is  di»> 
solved  in  warm  formic  acid  (sp.  gr.  1*022),  an  intense  crimson  solution 
is  produced,  and,  if  this  is  mixed  with  a  little  water  and  allowed  to 
remain  for  a  few  days,  the  formate  gradually  separates  in  magnificent 
ruby  prisms,  which  are  sometimes  of  considerable  sise  and  possess  a 
quite  remarkably  brilliant  lustre : 

0*1516  gave  6  S59S  CO,  and  0*0762  H.p.  0  -  64-6 ;  H  -  6*5. 
0*1611        0-867lCOs  M  0-0744  H,0.   C-64-4 ;  H-6-4. 

C20H20O7  requires  0"64*5  ;  H=5'S  per  cent 

Trimethi/lbrazUein  J'ornmte  may  be  crystallised  from  small  (juantities 
of  alcohol,  but  it  is  decomposed  by  much  boiling  alcohol,  yielding  a  deep 
yellow  solution  from  which  pure  trimethylbrazilein  separate^;,  usually 
in  needles.  The  salt  is  also  readily  decomposed  by  water  or  dilute 
sodium  carbonate. 

It  is  remarkable  that,  whilst  the  solution  of  trimethylbra;dlein  in 
formic  acid  is  an  intense  crimson  colour,  the  correspoodiog  solution  in 
acetic  add  is  only  orange.  Attempts  to  prepare  the  acetate  have  been 
unsuccetoful,  and  it  therefore  seems  possible  that  trimethylbrazilein 
does  not  combine  with  acetic  acid  to  form  a  salt  oorresponding  with 
the  formate. 

Adwn  t(f  Pakumim  IFydrmeide  cn  JHrnOhj^hramUm,  FormaUm 
TrimeihyUihydrobrazihinoi,  C^^ll,fi.,(o:sie)^'OB. 

Trimethylbrazilein  in  iusoluble  in  dilute  potassium  hydroxide,  but,  if 
the  finely-divided  substance  (in  quantities  of  not  more  than  5  grams) 
is  boiled  with  water  (150  c.c.)  and  then  concentrated  potassium 
hydroxide  (5  giams)  added  in  small  quantities  at  a  time,  it  gradnallj 
dissolves  to  a  pale  brown  solution.  This  is  filtered  from  traces  of 
unchanged  trimethylbrazilein,  and  the  filtrate  run  in  a  thin  stream 
into  an  excess  of  dilute  acetic  acid  kept  cooled  biy  ice  and  well  stirred 
by  a  turbine.  The  drab  precipitate  which  sepinta  is  eeileeted,  Isfi^ 
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in  contact  with  porous  porcelain  until  quite  dry,  and  then  rubbed  in  a 
mortar  with  cold  alcohol,  which  dissolves  much  dark -coloured  resinous 
matter.  The  mass  is  transferred  to  the  filter,  the  precipitate  well 
washed  with  small  quantities  of  alcohol  until  \he  filtrate  is  only  pale 
yellow,  and  then  cryfitallised  from  much  boiling  alcohol,  from  which 
trtrmtJujldihydrobrazileinol  sep;Li  ;\tos  in  glistening,  yellow  prisms.  The 
dark-coloured  mother  liquors  are  digested  for  some  hours  with  animal 
obarooal,  filtered,  and  then  allowed  to  concentrate  spontaneously  in  the 
air,  and  the  dark  crusts  which  gradually  MfMurate  are  then  purified  by 
rBorystalliaakion  from  alcohol : 

01489  gave  0-S59S  00,  and  0*0780  H^O.  0  -  66-9 ;  H  «  5-9. 
01467  „  0*3572  00.  „  0-0801  H^O.   0-66-4;  H- 6*6. 

^lAo^tt requires  0«66*3 ;  H«i6*8  per oent. 
The  delermination  of  the  iiiethozy-groups  by  Zaiel'e  melhod  ffkve 
the  following  results : 

0-3491  gave  0-6979  AgL    OMe  =  26  'i. 
CigHjoOg,  containing  three  OMe  groups,  requires  OMe  =  27  0  per  cent. 

When  heated  in  a  capillary  tube,  trimethyldihydrobrazileinol 
gradually  darkens  in  colour,  finally  becomes  deep  red^  and  melts  at 
about  177*\  the  melting  point  of  trimethylbrazilein,  into  which  it  is 
obriously  converted  during  the  process  (p.  1138).  It  is  readily 
soluble  in  boiling  chloroform  or  ethyl  acetate,, and  moderately  so  in 
methyl  and  ethyl  alcohols,  baty  with  the  exception  of  the  first  named| 
it  dissolves  sparingly  in  these  solvents  in  the  cold.  It  is  also  sparingly 
soluble  in  benasne^  and  almost  insolnUe  in  light  petroleom.  It 
separates  from  its  solutions  in  well-^finsd,  four-sided  prisms,  and, 
when  quite  pure,  has  only  a  pale  yellow  colour. 

Trimetbyldihydrobrazileinol  is  not  readily  attacked  by  concentrated 
potassium  hydroxide  even  on  boiling,  and  attempts  to  prepare 
decomposition  products  by  digesting  with  methyl-  or  ethyl-alcoholic 
potash  were  unsuoeessful,  since  the  substance  was  either  recovered 
unchanged  or  yielded  resinous  products  firom  which  nothing  crystalline 
•  could  be  obtiUned.  When  its  solution  in  potassium  hydroxide  Is 
mixed  with  hydroxylamine  hydrochloride)  the  brown  colour  rapidly 
becomes  paler,  and,  after  several  hours,  a  colourless  solution  is 
obtained  from  which  acetic  acid  deposits  a  colourless  precipitate, 
which,  however,  rapidly  becomes  yellow  in  contact  with  air.  If 
hydrogen  peroxide  (30  per  cent.)  is  added  to  a  solution  of  tiimethyl- 
dihydrobrazileinol  in  excess  of  potassium  hydroxide,  a  perfectly 
colourless  precipitate  is  rapidly  deposited,  which  crystallises  from 
alcohol  in  almost  colourless,  four-sided  prisms  : 

0*1679  gave  0*4087  OOj,  and  0  0896  H,A    C  «  66*4 ;  Hi^ 6*9. 
G|,H,gO^  lequirss  Gm 66*6 ;  'h«6*8  per  eenti 
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This  substance  melted  when  rapidly  heated  at  about  185^,  is 

readily  soluble  in  dilute  potasBium  hydroxide,  and  evidently  consists 
of  trimethyldihydrobraziluiuoi,  which,  therefore,  when  quite  pure  is 
almost  colourless.  • 

What  was  difficult  to  understjiud,  at  first,  is  that  hydrogen 
peroxide  should  precipitate  this  substance  from  a  strongly  alkaline 
solution.  Experiment  showed,  however,  that  other  phenols  behave 
in  a  similar  manner,  since,  for  example,  a  solution  of  resorcinol 
methyl  ether,  CgH4(0Me)*0H,  in  excess  of  dilute  potassium  hydi-oxide 
is  also  precipitated  by  hydrogen  peroxide.  Poesibiy  the  hydrogen 
peroxide  converts  the  potassium  hydroxide  into  peroxide,  which  ia  no 
*    longer  able  to  disaolye  the  phenoUo  aubatanoes. 

Comwrsibw     TSrimalhyldihjfdroinKdt&inol  into  TnmetkylhramUin. 

In  describing  its  behaviour  in  a  capillary  tube,  it  has  already  been 
pointed  out  that  trimethyldihydrobrasileinol  is  evidently  converted 
into  trimethylbrazilein  by  the  action  of  heat,  and  this  interesting 
change  takes  place,  apparently  almost  qnantitatively,  under  the 
following  oonditions.  The  finely-divided  substance  ia  digested  with 
ten  timee  its  weight  of  glacial  acetic  add  for  two  miniitea  and  feha 
deep  orange  solution  poured  into  water,  when  the  milky  liquid  aoon 
deposits  a  erystalline  predpitate^  which,  after  washing  with  water  and 
dilute  potassium  hydroxide^  crystallissa  from  alcohol  in  deep  jeUow 
prisms: 

0*1856  gave  0-8449  CO,  and  0  0698  H,0.   O = 69  4  ;  H = 5*7. 

CjgHjjjO^  requires  C  =«  69"6  ;  H  =  5*5  per  cent. 

This  substance  melted  at  177°  and  consisted,  as  direct  comparison 
proved,  of  pure  trimethylbrazilein. 

It  has  been  shown  on  p.  1133  that  one  of  the  principal  products 
of  the  methylation  of  trimethylbrazilein  with  potassium  hydroxide 
and  methyl  sulphate  is  a  substance  which  is  separated  from  trimethyl- 
brazilein by  treatment  with  ether  in  the  cold  and  obtained  from  the 
ethereal  solution  as  an  ochreous  mass.  In  order  to  remove  traoes 
of  trimethylbrazilein  which  this  product  undoubtedly  contained,  it 
(100  grams)  was  dissolved  in  a  little  alcohol  and  digested  with 
alcoholic  potash  (KOHa  16  grams)  for  fifteen  minutes  at  the  boiling 
point. 

The  solution  was  run  in  a  thin  stream  into  much  water,  kepi 
▼igorously  agitated  by  a  turbine^  and  allowed  to  remain  of«nug|it» 
and  the  pale  ochreous  precipitate  was  then  collected,  well  washed 
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with  water,  and  left  in  contact  with  porous  porcelain  aiiti  over 
sulphuric  acid  in  a  vacuum  desiccator  until  quite  dry.  The  exaniin- 
atioQ  of  this  substance  showed  that  it  consisted  essentially  of 
tetramethyldihydrobrazileinol  (compare  the  analogous  formation  of 
pentamethyldihydrohsemateinol,  p.  1143),  but  it  was  still  very 
impure,  since  a  determination  of  the  methoxy-groups  yielded 
MeO»27'5,  whereaa  the  formula  C|0U2oO,(OMe^  requires  MeO«34'3 
per  cent. 

The  properties  of  this  substance  render  it  very  difficult  to  purify, 
since  it  is  excessively  soluble  in  nearly  all  organic  solvents  and 
exhibits  very  little  tendency  to  crystallise.  In  light  petroleum 
(b.  p.  60 — 70°),  it  is,  however,  sparingly  soluble,  and  if  the  crude 
product  (10  gruns)  is  digested  with  light  petroleum  (500  cc.)  most  of  it 
dissolves,  leaving  a  dark  brown  resin.  The  solution  was  decanted, 
digebted  with  animal  charcoal,  concentrated  to  about  100  co.  (under 
200  nm.  pressure),  poured  into  -a  beaker,  and  allowed  to  stand  for 
some  days,  when  hard,  apparently  amorphous  crusts  formed  on  the 
bottom  and  sides  of  the  beaker.  The  anatytioal  resolte  obtained 
were  now  mnch  more  saUsfaetory,  and  indicated  that  this  snbstance 
ooosiBted  of  nearly  pore  tetramethyldihydrobrasileittfd : 

0*U71  gave  0*3658  CO^and 0*081  Hfi.   0-66*0;  H-G  l. 
C^U^fi^  requires  O—67'O ;  H«6*l  per  cent. 

The  determination  of  the  methoxy-groups  by  Zeisers  method 
gave : 

0*2107  gave  0-529  AgL  MeO-33-2 
Pi^HiiO^  containing  four  MeO  groups,  requiiee  MeO— 34*3  per  cent 

The  nnmtisfactory  nature  of  this  substance,  especially  when  com* 

pared  with  pentamethylhaemateinol  (p.  1143),  which  crystalliBes  with 
such  facility,  made  it  appear  probable  that  its  inability  to  crystallise 

properly  was  due  to  the  impurity  which  it  still  contained,  and,  in  order 
to  test  this  point,  it  was  decided  to  prepare  the  substance  from 
trimetliyldihydrobrazileinol  by  direct  methylation. 

Triinethyldihydrobrazileinol  (4  grams)  was  dissolved  in  methyl 
alcohol,  and  mixed  with  methyl-alcoholic  potash  (K0H  =  5  grams)  and 
methyl  sulphate  (4  grams),  tho  whole  being  well  cooled  during  the 
addition. 

A  further  quantity  of  methyl-alcoholic  potash  (K0H^2  grams) 
and  methyl  sulphate  (4  grams)  was  then  added,  and,  after  remaining 
overnight,  the  whole  was  diluted  with  water,  when  a  yellow,  amorphous 
precipitate  separated.  This  was  collected,  washed  well,  and  allowed 
to  remain  over  sulphuric  acid  in  a  vacuum  desiccator  until  quite 
dry,  but  the  pale  ochreoos  mass  still  showed  the  same  inability  to 
eiystallise  which  had  been  observed  in  the  case  of  the  previous 
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specioaeD.  It  separated  from  light  petroleum  in  emtte  wlueh  eould 
scarcely  be  called  crystalline,  but  the  analytioRl  reaolte  were  now 

more  satisfactory  : 
01333  gave  0  3242  OOg  and  0*0763  fl^O.    C  ^  66-4  ;  H  -  6  3. 
01466    „    0-3580  CO.,  „   0  0832  H^O.    0  =  66-6 ;  H-6-1. 
CjoHjjOg  requires  C  «  67  0 ;  H  «  6*1  per  cent. 

The  methosy-detenniiiatkm  gare  the  foUowing  resiihe : 

0*147  gave  0*3558  Agl.  MeO  -  33-2. 
0*1595  „   0*3938  AgL   MeO -33*6. 

Oi«HjoO^(OMe)4  required  MeO -34*3  per  cent 

Tetramethyldihydrobrazilwnoi  softens  at  55^  and  becomes  trans- 
parent at  about  60^,  but  it  has  no  definite  melting  point. 

It  is  very  readily  soluble  in  methvl  or  ethyl  alcohol,  chloroform, 
benzene,  or  other,  and  is  also  appreciably,  although  sparingly,  so  in 
boiling  water.  It  is  almost  insoluble  in  cold  light  petroleum.  It 
dissolves  in  formic  acid  with  an  intense  eosin-red  colour,  and  is 
reprecipitated  by  much  water. 

The  Mtihylation  of  Haematein, 

In  preparing  the  large  qnantiiies  of  h»inateui  required  for  tiisso 
experiments,  the  following  method,  based  on  the  oboervatioDS  of 
J.  J.  Hnmmel  and  A.  G.  Perkin  (Trans.,  1882,  41,  368)b  vas 

employed. 

Finely-powdered  pure  hsematoxylin  (15  grams)  is  dissolved  in  water 
(150  c.c.)  and  concentrated  ammonia  (15  c.o.),  and  a  rapid  current  of 
air  drawn  through  the  solution  for  about  six  hours,  all  rise  of 
temperature  being  avoided  by  cooling  in  running  water  during  the 
operation.  Dilute  acetic  acid  (about  250  c.c.  of  10  per  cent.)  is  heated 
on  the  water-bath,  and  the  product  of  oxidation  added  in  a  thin 
stream,  steam  being  passed  during  the  addition,  when  hsem&tein 
separates  in  crystals  with  the  characteristic  silver  lustre.  The  product 
is  filtered,  wasliod  with  water  and  then  with  moti^l  aloohoi,  and 
drained  on  porous  porcelain. 

The  yield  of  heematein  varies  oonsideraUy  in  different  ezperuncnts, 
it  is  sometimes  80  per  oent.  and  sometimes  as  low  as  60  per  cent  of 
the  theoretical.  The  methylation  of  hsematein  is  a  very  difficult 
operation,  mneh  more  so  than  the  methylation  of  brazilein,  and  this  is 
doe  partly  to  the  readiness  with  which  hiematein  is  oxidised  in  alkalint 
solution  and  partly  to  the  solubility  of  tho  produot  of  mstbyltttioii. 
The  operation  is  carried  out  in  a  laige,  ronnd-bottomed  flask  ptovida4 
with  a  cork  and  tubes,  so  that  oxidation  may  bs  avoidsd  9M  hf  m 
possible  by  passing  ooal  gas. 

Hnmatein  (80  grams)  is  mixed  in  the  flask  with  watsr  (400  ae.)  im 
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(200  grams),  and  potassmm  hydroxide  (217  c.c.  of  43  percent.),  and 
well  shaken  until  the  haBmatein  has  oompletely  dissolved.  Methyl 
Bolphato  (230  0.0.)  is  added  in  one  portion,  the  flask  well  agitated, 
carefully  cooled  in  ninning  water,  and  a  currant  of  coal  gas  passed 
during  the  whole  operation.  After  about  three-quarters  of  an  hour,  a 
further  quantity  of  potassium  hydroxide  (150  c.c.)  is  added  in  several 
small  quantities,  and  the  shaking  continued  for  fifteen  minutes ;  the 
6ask  in  then  allowed  to  rAnain  for  three  to  four  hours  in  running 
water.  The  precipitate  *  is  collected  on  doth  on  a  filter  f  nuns^  well 
washed,  and  drained  on  porous  poroebdn;  it  is  then  treated  as  explained 
in  the  next  seetion. 

The  dark  red  filtrate  is  addtfied  with  aoetie  a<»d,  saturated  with  salt, 
and  the  precipitate  ooUeoted,  washed  with  water,  and  further  methylated 
hy  dissolving  in  water  (300  e.e.)  and  potassium  hydroxide  (72  o.e.  of 
43  per  eenk)  and  shaking  with  methyl  sulphate  (86  o.c.),  the  precipitate 
whieh  forms  being  again  eoUeoted  and  drained  on  porous  porcelain  as 
before.  This  process  is  repeated  with  the  mother  liquor  until  no  more 
precipitate  forms,  but,  even  under  the  most  fsTonrable  conditions,  the 
yield  of  the  crude  product  of  methylation,  insoluble  in  alkalis,  is  very 
UDsatisfivctory  and  is  seldom  more  than  'iO  per  cent  of  the  hsemateiu 
employed. 

l^^ramelhi/Uutentaiein,  Ci0H8O2(OMe)^,  TetraTmthi/ldi/iydro/imtnaitinolf 
O|0HfOf(OMe)4*OH,  a-ml  FenUimethyldihifdTohaMiateinoly 

0„H^O^OMe),. 

The  crude  product  of  the  methylation  of  hamatein,  obtained  as 
explained  in  the  last  section  and  which  is  insoluble  in  cold  dilute 
potassium  hydroxide,  contains  teirame^ti/Uuimatwn  and  penkuMtht^di- 
hydrohamainnolff  and  these  may  be  separated  by  taking  advantage  of 
the  fact  that  the  pentamethyl  compound  is  more  soluble  in  cold  ethyl 
acetate  (or  in  boiling  light  petroleum)  than  the  tetramethyl  compound. 
In  the  one  case,  the  crude  mass  is  ground  up  with  successive  small 
quantities  of  cold  ethyl  acetate,  until  the  dark  resinous  impurity 
and  much  of  the  pentamethyl  compound  has  been  removed,  and 
the  rebidual  ochreous  mixture  of  the  ietra-  and  penta-methyl  com- 
pounds is  separated  into  its  constituents  by  ftactional  crystallisation 
from  ethyl  acetate,  when  the  tetramethyl  compound  separates  first. 
The  ethyl  acetate  mother  liquors  are  digested  with  animal  charcoal, 

*  It  sometimes  happens  that  no  precipitate  separates,  in  which  case  a  furtlier 
quantity  of  methyl  sulph  ite  (8(3  c.c.)  and  potassium  hydro2Lide  (56  c.c.)  is  added 
and  the  shaking  continued  u.s  before. 

t  Generally  speaking,  the  latter  is  present  in  mach  ths  larger  quantity,  and  ia 
Me  large  prepantkiB  the  pioduot  oonairtMl  entirely  of  erode  peBtametliyldihydio* 
luunateinoL 
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filtered,  tho  filtrate  allowetl  to  concentrate  spontaneously  in  tho  nir, 
and  tho  dark  crystalline  rrnsts  which  separate  are  then  j^urified 
as  before  by  crystalliisation  from  ethyl  acetate  or,  better,  from  alcohol. 
When  much  resinous  matter  is  present,  separation  by  means  of  light 
petroleum  has  frequently  been  found  advantegeous.  The  crudn  mass 
is  repeatedly  extracted  on  the  water-bath  with  much  light  petroleum 
(b.  p.  10(^110°)i  which  dissolves  the  peotftmethyl  compound  the 
more  reedfly^  and  from  which  oohreoiu  eniats  eze  deposited  on 
eooliog. 

Alter  cdUeeting,  the  filtrate  is  need  to  again  extract  the  undissolved 
msfls,  the  prooew  being  repeated  several  tioMS  ontU  an  insoluble,  blaok 
resin  remains.  Tetramethylhstmatein  and  pentamethyldihydrohanu^ 
teinol  are  then  separated  from  the  erode  erystalline  mass  as  before  hj 
fractional  erystalliaation  from  ethyl  acetate. 

Titramt$^i^lkmM$0m,^l!h{B  snbstanos  is  obtained  pore  by  repeated 
dystallisation  from  alcohol  or  ethyl  acetate,  tmm  either  of  which  it 
separates  in  beautifol  amber-colonred,  rhombie  prisms  with  tnuusated 
ends.   For  analysis,  it  was  dried  over  sulphoric  add. 

0-1578  gave  0  3878  COg  and  0  0823  llfi.    C  =  67  0  ;  11  =  5-8. 
0-1738    „    0-4279  CO.  „   0-0891  HjO.    C  =  671  ;  H-6-7. 
O^fi^O^  requires   0  -  67 'i  ;  H  «  5  *6  per  cent. 

TtUramtthylhamnaUin  melts  at  210® 'to  a  red  oil,  which  rapidly 

decomposes  and  is  readily  soluble  in  boiling  alcohol  or  ethyl  acetate, 
but  sparingly  so  in  thcso  solvents  in  the  cold.  It  is  also  sparingly 
soluble  in  benzene  and  almost  insoluble  in  light  petroleum.  It 
dissolves  in  formic  acid  with  an  intense  crimson  colour,  but  the  formate 
does  not,  like  tri methyl brazilein  formate  (p.  1136),  appear  to  crystallise 
readily ;  it  is  also  very  readily  soluble  in  acetic  acid,  yielding  a  deep 
orange  brown  solution. 

Tctramethylhffimatein  dissolves  in  concentrated  sulphuric  acid  in  the 
cold  with  an  intense  crimson  colour,  but  this  soon  begins  to  change,  and 
if  warmed  at  60°  the  change  to  orange  is  very  rapid. 

Tho  solution  acquires  a  faint  green  fluore.scenco,  which  is  not 
nearly  so  marked  as  that  exhibited  by  trimethyl brazilein  under  Ibe 
same  conditions.  When  the  orange  solution  is  poured  into  water, 
a  bright  red,  gelatinous  precipitate  separates,  which  is  described  on 
p.  1151. 

Ttiramsihyldihi/drohaemateinol. — When  tetramethylhsematein  aa 
ground  to  a  paste  with  water  and  warmed  with  dilute  potassiiim 
hydroxidCi  it  rapidly  dissolves  to  a  pale  claret  solution.  This  wmB 
filtered  into  an  excess  of  cold  dilate  acetic  acid,  and  the  pale  ochreous 
Tcry  Tolnminons  precipitate  was  collected,  washed  with  water,  dviad 
on  poroos  porcelain,  and  crystallised  from  alcohol : 
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0  1477  gave  0  3482  CO.^  and  0  0800  Ufi.    C  -  64-3  ;  H  -  G  l. 
01342    „    0-3153  COj   „   0-0718  H.p.    C  =  64  2;H  =  60. 
^20^2-2^7  requires  C  =  64*2  ;  H  =  5*9  per  cent. 

T^ramethyldi/iydrohaemaieinol  melts  at  183^,  and  is  readily  soluble 
in  boiling  alcohol,  ethyl  acetate,  or  chloroform,  bat  spariogly  so 
in  the  two  first  mentioned  in  the  cold  u  also  in  beniene,  and  it  is 
almost  insoluble  in  light  petroleum. 

It  dissolves  xeedily  in  glacial  acetic  acid,  and  the  solntion,  on 
boUing,  beoomee  a  deep  red,  elimination  of  water  and  formation  of 
tetiamethylhsmatein  taking  place  apparently  daring  this  operation 
(compare  the  analogoos  formation  trimethylbranlein  from  tri- 
methyldihjdrobrasileinol,  p.  1138). 

PmUam$th^dihsfdroka6mateM.—Th»  separation  of  this  substance 
from  the  omde  product  of  the  methylation  of  hmnatein  is  de* 
scribed  above.  After  repeated  recrystaUisation  from  alcohol  and 
then  from  ethyl  acetate^  the  following  results  were  obtained  on 
analysis : 

0-1378  gave  0  3284  CO,  and  0  0791  Tl.fl.    C  =  65-0;  H  =  6-3. 
0  1470    „    0-3502  COa   „   0-0866  hJo.    0  =  65  0 ;  H-6-4. 
Offl^Oj  requires  0  =  65-0  ;  H  =  6  2  per  cent. 

The  metho^-groupe  were  determined  with  the  following  result : 

0*2691  gave  0'7770  AgL   MeO  -  88*2. 
CjiHj^O;,  containing  five  MeO  groups,  requires  MeO  ■  89*8  per  cent 

Pmtameihi/ldihi/drohaemateinol  melts  at  159 — 160°  and  is  readily 
soluble  in  boiling  alcohol,  ethyl  acetate,  or  chloroform,  but  sparingly 
8o  in  light  petroleum.  It  separates  from  alcohol  in  very  pale  yellow, 
four-Bided  plates,  but,  when  its  solution  in  ethyl  acet^ito  is  allowed  to 
concentrate  spontaneously,  it  is  frequently  deposited  in  woll-detined, 
six-sided  plates  or  prisms.  It  is  curious  that  this  compound  should 
erystallise  with  such  facility,  whereas  the  corresponding  tetramethyl- 
dihydrobcazileinol  (p.  1139)  is  so  difficult  to  obtain  in  a  crystalline 
condition. 

Fentamethyldihydrobnmateinol  dissolves  in  concentrated  sulphuric 
aeid  with  a  brilliant  crimson  colour,  which  ohangea  only  slowly  at 
the  ordinary  temperature.  If  the  solution  is  warmed  at  60°,  however, 
it  rapidly  becomes  pale  reddish-brown^  and  acquires  a  veiy  faint  green 
fluorescence  which  is  not  nearly  so  marked  as  in  the  case  of  tetra- 
methyldihydrobrasileinol.  When  poured  into  water,  a  crimson  salt 
separates,  which  dissolves  readily  in  hot  water  and,  on  slowly  oooling, 
crystallises  beautifully  in  bunches  of  orange-red  needles  (see  p.  1152). 
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Oxidation  of  Telramethyldihydrobrazileinol  with  Chromie 

Acid. 

Fdfrmaiim  of  TriuuikfftnmUm  and  atkar  Jhrodit€t», 

In  carrying  out  this  oxidation,  tetramothyldihydrobrazileinol 
(12  grams)  was  dissolved  in  glacial  acetic  acid  (00  c.c.)  in  a  large 
beakor  fitted  with  a  mechanical  stirrer,  and  then  chromic  acid 
(12  grams)  dissolved  in  water  (20  c.c.)  was  gradually  added,  the  whole 
being  carefully  cooled  by  running  water  during  the  operation.  The 
product  was  poured  in  a  thin  stream  into  much  water,  saturated 
with  salt,  and  allowed  to  stand  overnight ;  the  precipitate 
which  had  separated  was  collected  and  purified  by  many  cryst&l- 
lisatiouB  from  ethyl  acetate,  aloohol,  and  finally  from  methyl  ethyl 
ketone: 

0-1886  gftve  0*4596  00^  and  0*0883  H^O.   0» 66*4 ;  H-M. 

CigHigOfl  requires  0«66*6  5  H*-6'3  per  cent. 

The  determination  of  the  methozy-groupe  gave  the  following 

result : 

0*3202  gave  0*6439  Agl.   MeO  -  26*6. 
CigHjgOf,  containing  three  MeO  groups,  requires  HeOM27*2  per  cent. 

That  this  substance,  wliicli  separated  from  methyl  ethyl  ketone  in 
colourless  prisms  and  melted  at  160"^,  is  trimethylbrazilone  (Trans., 
1902,  81,  1041)  was  proved  by  conversion  into  a-acetylanhydrotri- 
methylbrazilono  by  boiling  with  acetic  anhydride  and  sodium  acetate. 

After  crystallising  from  acetic  acid,  this  derivativo  melted  at  175^, 
and  the  melting  point  was  unchanged  when  it  was  mixed  with  a 
specimen  of  the  acetyl  compound  which  had  been  obtained  on  a 
previous  occasion  (loo»  oU,,  p.  1045).  An  analysis  was  also  earned 
out: 

0*1246  gave  0*3128  00,  and  0*0552  H,0.   0  «  68*5 ;  H  »  4*9« 

CjiH^gO,.  requires  0«68*8 ;  H— 4*9  per  cent. 

Tnmethyll)razilone  is  dimorphous,  ami  it.s  melting  point  varies  in  a 
remarkable  manner  accoiding  to  the  solvent  from  wliich  it  is  crystal- 
lised. Gilbody  and  Perkin  [loc.  cit.y  p.  10-il)  state  that,  when  crystal-  " 
Used  from  alcohol,  it  melts  at  about  185°,  and  that  subsequent  repeated 
crystallisation  from  benzene  causes  the  melting  point  to  sink  to  167°. 
Herzig  {M(mat8h.,  1902,  23,  172)  gives  160°  as  the  melting  point 
after  crystallisation  from  acetic  acid,  and  we  have  now  obeerred  that 
this  substance  also  melts  at  160°  when  it  is  repeatedly  recrystalliaed 
from  methyl  ethyl  ketone.  When  the  trimethylbrasilone*  previously 
obtained  from  trimethylbrasilin  by  oxidation,  ww  erystaUised  in  M>»f 
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way  and  mixed  with  the  specimen  obtained  from  (etrametbjldihydro- 
brasileinol,  the  mixture  melted  at  160°. 

The  mother  liquoi*  from  the  parifioation  of  the  trimethylbrazilone 
obtained  in  the  above  oxidation  were  oacefnlly  examined,  and  found 
to  oontain  two  neutral  enbetaneee  melting  at  98^  and  142 — 144** 
reepeotiyely. 

These  were  proocnt  only  in  very  small  quantity,  and  we  have 
BO  due  to  iheir  nature,  but  euffioient  of  the  former  was  obtained  for 
the  following  analysis : 

0H)945  gave  0*9013  00,  and  0  0415  H,0.   0-681 ;  H»4-9. 

OjgHjgO()  requires  0*-56*5 ;  H»4'6  per  cent. 

The  filtrate  from  the  crude  trimethylbrazilone,  containing  common 
salt,  was  extracted  twenty  times  witli  ether  on  the  machine,  the  ether 
evaporated,  and  the  dark  residual  liquid  distilled  from  the  water-bath 
under  20  mm.  prossnro  in  order  to  remove  a-^  miich  acetic  acid  as 
possible.  After  standing  for  twenty-four  hours  in  the  ice-chest, 
a  considerable  quantity  of  a  dark  solid  had  separated,  which  was 
collected  and  the  filtrate  again  heated  under  20  mm.  on  the  water- 
bath,  and  this  operation  repeated  until  no  further  separation  of  solid 
took  place  even  when  the  thick  syrup  remained  in  the  ice-chest 
for  .several  days.  The  solid  was  boiled  with  much  water,  the  solution 
filtered  from  reftinous  matter,  decolorised  as  far  as  poeaible  with 
animal  charooali  and  evaporated  to  a  small  bulk,  when  an  oohreous 
substanoe  separated,  which,  after  several  crystallisations  from  water, 
softened  at  about  195^  and  melted  at 

0*1417  gave  0  3050  CO,  and  0-0735  K,0.   0-58*7 ;  H-5-7. 

0-1322   „   0*2808  00,  „  00661  H,0.   0-57*9;  H»5*6. 
CisHjgOg  requires  0-58  2  ;  H-6*9  per  cent. 

This  curious  substance  has  the  properties  of  a  hictoue.  When 
mixed  with  cold  dilute  sodium  carbonate,  it  becomes  pink  and  only 
slowly  dissolves,  but,  on  warming,  a  deep  claret  solution  is  at  once 
obtained,  and  potassium  hydroxide  dissolves  it  with  the  same  colour. 

It  dissolves  also  readily  in  hot  barium  liydroxide  with  a  claret 
colour,  which  on  boiling  becomes  light  brown,  and  on  acidifying  an 
ochreous,  crystalline  substance  separates,  which  crystallises  from  water^ 
melts  at  about  163°,  and  ib  probably  not  the  hydroxy-acid  correspond- 
ing with  the  lactone,  because  the  solution  in  sodium  carbonate  is 
colourless.  That  this  substance  of  melting  point  2 1 0^  is  derived  from 
the  catechol  nucleus  of  brazilin  was  proved  by  fusion  with  potassium 
hydroxide,  when,  on  acidifying  and  extracting  with  ether,  a  syrup  was 
obtained  wbioh  yielded  an  intense  eateohol  reaetion  with  ferne 
ofaloride. 

Tfan  aqueous  mollMr  liquors  firan  the  puriiioation  of  the  above 
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substance  yielded,  od  concentration  and  careful  fractional  cryBt^l- 
lisation,  a  second  substance,  which,  under  the  microf5cope,  was  seen  to 
consist  of  a  mass  of  separate  thraids  and  to  be  quite  homogeoaoua. 
This  substance  melted  at  about  190'',  and  yielded  on  analysis  : 
0-1369  gave  0  2716  CO,  and  0  0761  If  ,0.    C=54-l ;  H»6*2. 
OjgHjgOf  requires  G«6i'6 ;  H«6*3  per  oent. 

It  oontauiB  therefore  one  moleoale  of  water  mece  then  tiie  eabetanoe 
of  melting  point  210%  to  which  it  is  obyionsly  oloeelj  related,  ainoe 
it  elflo  Is  only  slowlj  diaeolTed  by  sodiam  carbonate  in  the  cold,  but 
diesolves  readily,  with  a  deep  daret  ooloor,  on  warming ;  it  also  gives 
the  catechol  reaction  when  f osed  with  potsflsinm  hydroxide. 

In  a  second  series  of  experiments  on  (he  oxidation  of  tetrsinethjl- 
dihydrohiasQetnol  with  chromio  acid,  the  same  snhstanoss  were  again 
obtained  in  small  quantities,  and,  in  addition,  two  others  were  isolated, 
namely,  an  acid  which  melted  at  174^  and  a  neutral  substance  which 
melted  at  170°;  of  these,  the  former  was  sparingly,  and  the  latter 
readily,  soluble  in  water.  The  acid  of  melting  point  174^  is  2-oar6aaty- 
^-mUhoxyphmoxyaotlic  acid, 

MeO/\0-CH,-0O,H 

since  it  yielded  on  analysis : 

0-1176  gave  0-2288  00^  and  0  0482  H2O.    C  =  53-0  ;  H-.4-5. 

C,f)H,oO^,  requires  C  =  53  0  ;  H  =  4*5  per  cent, 

and  when  mixed  with  a  specimen  of  this  acid  which  had  been  pre- 
viously prepared  (Trans.,  1901,  79,  1407)  there  was  no  alteration  in 
melting  point. 

The  neutral  suhalance  shrinks  at  163°  and  melts  at  about  170^;  it  is 
very  readily  aolnble  in  water,  alcohol,  or  ethyl  acetate,  but  speringly  so 
in  benaene  or  ether,  and  separates,  when  its  solution  in  mveh  ether 
is  concentrated,  as  a  voluminous  masB  of  colourless  needlea 

Dried  at  100^,  it  yielded  the  following  analytiesl  remits : 

0*1376  gave  0-3050  00,  and  0*0790  H,0.   0  -  60*5 ;  H  ^  6*4. 

0*1157  „   0*2606  00,  „  0*0647  H,0.   0-61*4;  H- 6*2. 
^ifiifih  reqttiree  0->61*9;  H->^*3  per  cent. 

When  the  substance  was  crystallised  from  water,  it  separated  in 
needles,  and  contained  H,0  more  than  the  snbstsnoe  whidi  had  been 
dried  at  100*>: 

0-1290  gave  0  2760  CO^  and  0  0762  H2O.    C-58  3  ;  H«6-6. 
C,3H,j,0fl  requires  C  =  57  8  ;  H  =  6*6  per  cent. 

The  methoxy-det«rmi nation  gave  the  following  result: 
01 75  gave  0  4622  Agl.  MeO-34*8. 
^is^x8^«»  containing  three  MeO  groups,  requires  Ife0«i34*4  per  oeot. 
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The  solution  of  this  substance  in  water  is  slightly  acid  to  litmuf*, 
but  the  addition  of  a  drop  of  iV/lO-potassium  hydroxide  makes 
it  alkaline  to  phenolphthalein.  That  the  substance  is  derived  from 
the  catechol  nucleus  of  brazilin  was  shown  by  the  fact  that,  after 
fusing  with  potassium  hydroxide,  acidifying,  and  extracting  with  ether, 
an  intense  catechol  reaction  was  obtained  on  the  addition  of  ferric 
chloride.  It  is  possible  that  this  substance  may  have  the  constitution 
represented  by  the  formula 

e)-CH3-0H. 

00 


The  Fyranol  SalU  Derived  from  Trimethyibrazilein, 

6''ff$f4rooey-A' :  T-dinmihoKjf-^i :  d'ind§nobtmopyranol  (1 : 4)  AnJiydrth 

01 
O 

MeOj^^^CH 
hydrochloride^  0       ORp  2B^0,  <Ad  Anhydro-hydrogen 


OMeOH 
Suiphalto,  and  Othsr  Jhrivaiheo, 

Trimethylbrazilem  dissolves  in  glacial  acetic  acid  with  an  orange 
red  colour,  and,  if  concentrated  sulphuric  add  is  addod,  a  deep  erimson 
solution  is  formed,  which  gradually  fades,  acquires  a  green  fluorescence, 
and  deposits  a  splendid  crimson  anhydro-bydrogen  sulphate  on  dilution 
with  water.  Another  way  of  preparing  the  anhydro-hydrogen  sulphate 
is  to  dissolve  trimethylbrasalein  (I  gram)  in  sulphuric  aeid  (10  ce.)  and 
to  warn  the  deep  onuige-red  solution  at  60^,  when  it  soon  beoomes  pale 
brown  and  exhibits  a  striking  fluoresoenoe.  On  diluting  with  water,  the 
anhydro-hydrogen  sulphate  separates  as  a  brilliant  erimson  precipitate, 
which  was  collected,  washed  with  dilute  snlphurie  add,  and  crystal- 
lised from  glaeial  acetic  add,  from  which  it  separated  in  orange-red 
needles  or  fourdded  plates  with  a  green,  metallic  lustre : 

0-3026  gave  0*4085  CO^  and  0*0815  H,0.    0  -  66*0 ;  H  -  4*4. 

0-1764   „    0-4840  COj   „  0  0630  H,0.   0-64-8;  H-4-0. 

0-4422    , ,    0-2678  BaSO^.    80^  =  24  9. 

C',gH^50^,llS0^  lequires  C  =  551  ;  H  =  3-8;  80^  =  24-5  percent. 
Jhis  anhydro-hydrogen  sulphate  is  decomposed  by  boiling  with  water 
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with  separation  of  a  black  resin ;  the  addition  of  potaasimn  hydroxide  to 

its  aq\ieoufi  solution  caused  the  precipitation  of  a  brown,  amorphous 
substance,  which  is  soluble  in  excetis  of  alkali,  and  in  probably  the 
free  pyranol  base. 

The  anhydrohi/drocIUoride  is  prepared  by  dissolving  the  anhydro- 
hydrogen  sulphate  in  much  hot  dilute  hydrochloric  acid  andirapidly 
filtering  and  cooling  the  solution,  when  a  voluminous  mass  of  brick- 
red  needles  separates.  The  salt  was  collected,  washed  with  dilate 
hydrochloric  acid,  and  dried  over  sulphuric  acid  and  potassiam 
hydroxide  in  a  vacuum  : 

01720  gavB  0-3705  00,  and  0*0783  H3O.   O  -  68*7 ;  H  -  5-0. 
0*3178  »    01349  A«CL  Ca-10*S. 

0^^u^fii,2Ufi  requires  C-68-8 ;  H-6*l ;  01a9*7  per  cent. 

This  a7hhydrohydrochloride  is  readily  deoomposed  when  it  is  boiled 

with  water. 

The  platinichhride  is  obtained  as  a  brick-red  precipitate  when 
platinic  chloride  is  added  to  a  warm  solution  of  the  anhydrohydro- 
chloride  in  excess  of  hydrochloric  acid.  It  was  collected,  washed  with 
dilute  hydrochloric  acid,  and  dried  over  sulphurio  acid : 

0*5366  gave  01015  Ft  Pfc  - 18*9. 

(0„H:„O401),Ft0l4,3H,O  requires  Ft » 18*8  per  oent 

The  anhydrqferricfdoinde. — In  order  to  prepare  this  double  salt,  ferric 
chloride  is  added  to  a  hot  solution  of  the  hydrochloride  in  excess  of 
hydrochloric  acid,  and  the  yellowish-brown  precipitate  collected.  The 
substance  is  sparingly  soluble  in  acetic  acid,  and  separates  as  a 
beautiful  green,  metallic  mass  oonsiiting  of  minute  leaflets.  For 
analysis,  it  was  dried  at  100°  : 

0*1330  gave  0*1964  00,  and  0*0347  H,0.   0  -  43*9 ;  H  -  3*2. 
igHiB0«,Fb0l4  requires  0«  43*6 ;  H<-  8*8  per  oeni. 

This  salt  darkens  at  225°,  and  gradually  decomposes  as  the 
temperature  ri.se8,  but  it  does  not  molt  even  at  240° 

The  ankydrohifdrobroinid^. — Tliis  beautiful  substance  is  readily 
obtained  by  warming  the  anhydro-hydrogen  sulpluite  with  aqueous- 
alcoholic  hydrobromic  acid.  The  filtered  solution  is  allowed  to  cool, 
when  the  suit  separates  as  a  mass  of  microscopic  needles  with  a 
splendid  beetle -green  lustre  : 

0*1102  gave  0*2247  CO3  and  0  0451  H3O.    G «55*6  ;  H-4*5. 
0uH„O4Br,HtO  requires  0-65*0 ;  H  -  4*3  per  oent. 

The  anhydro-cadviiu7)i  hroviide  is  prepared  by  adding  cadmium 
bromide  to  a  solution  of  the  aiih ydrohydrobromide  in  alcohol  containing 
a  little  hydrobromic  acid.   The  light  brown  preoipilate«  which  separateis 
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at  once,  is  collected,  washed  with  water,  and  dried  over  sulphuric  acid 
in  a  vacuum  : 

0-1216  gave  0  1043  AgBr.    Br  =  36-5. 

Oj9Hi(04,CdBr3  requires  Br  »  37*1  per  cent. 


•Th€  Fifrunci  Salmis  D^rivtd  from  T9iram€%hyldikydrih 

brazileinoL 

7:4: 6'-2VMniMMsgr-4  :  B^^ndmwbmMipjfranol  (1  :  4)  Ankydrohydro- 

a 

0 


Tetramethyldihydrobrazileinol  dissolves  in  concentrated  sulphuric 
ftcid  with  a  deep  orange-red  colour,  but  this  soon  becomes  paler  and 
the  solution  acquires  an  intense  uranium-green  fluorescence. 

After  remaining  for  an  hour  at  the  ordinary  temperature,  the  solution 
was  poured  on  powdered  ico.  when  a  splendid  orange-red  precipitate 
separated,  which  was,  at  tirat,  rather  gelatinous,  but  became  more 
crystalline  on  standing.  It  was  collected,  washed  with  a  little  dilute 
sulphuric  acid,  in  which  it  is  rather  sparingly  soluble^  and  drained  on 
porous  porcelain. 

When  this  red  anhydro-hydrogen  sulphate  is  stirred  with  glacial 
acetic  acid,  the  colour  changes  to  an  ochre-yellow,  a  eliange  doubtless 
due  to  loss  of  water  of  erystallisation.  After  drying  over  potassium  hydr- 
oxide^ the  ochreous  substanoe  gave  the.  following  results  on  analysis : 

0-223S  gave  0*4490  OOg  and  0  0899  H^O.   0  «  54-3 ;  H  -  4-6. 

0-6236   „   0-3564  BaSO^.  B0^^22'6. 
CioHjf04,HSO^,HsO  requires  0»53-8;  H«-4-3  ;  SO^  =  22-6  per  cent. 

The  red  ankjfdrO'hydrogm  9ulphai$  ga^e  lees  SO4,  but  the  analytical 
results  were  not  sufficiently  sharp  to  show  the  number  of  molecules  of 
water  of  crystallisation  which  the  salt  contains.  It  decomposes  when 
warmed  with  water  with  t^oparation  of  a  dark  brown,  resinous  mass, 
and  its  aqueous  solution  yields  a  yellowish-brown  precipitate,  insoluble 
in  excess,  when  it  is  mixed  with  dilute  potassium  hydroxide  or 
ammonia.  The  an  hydro-hydrogen  sulphate  dissolves  in  formic  acid  or 
acetic  acid  with  a  splendid  fluorescence,  and  it  may  be  recrystallised 
from  warm  glacial  aoetto  acid  containing  a  trace  of  sulphuric  acid. 
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The  aqueous  and  methyl-alcoholic  solations  also  exhibit  a  strikiog 
fluorescence. 

The  a} Jii/drohf/drochloride .—The  anhydro-hydrogen  sulphate  dissolves 
in  hot  dilute  hydrochloric  Jicid,  and,  on  cooling,  the  hydrochloride 
separates  in  beautiful  glistening,  orange  needles,  which  Jiro  sparingly 
soluble  in  hydrochloric  acid  and  the  aqueous  solution  of  which  exhibits 
a  tine  green  fluorescence.  After  drying  over  sulphuric  acid  and 
potassium  hydroxide,  the  salt  was  salmon-coloured  : 

0-2233  gave  0  4733  COj  and  0  115  11,0.    0-67*8;  H-5-7. 

0-3181    „    0-1212  AgCl.    CI  =  9-4. 

0,^HiyO40i»3H,O  reqairas  0-67*3  ;  H-6  7 ;  GI-8-9  per  oeni. 

Th9  ptaimkldoride  separates  as  a  buff,  amorphous  precipitate  when 
platinio  chloride  is  added  to  a  warm  solution  of  the  anhjdroh jdro- 

chloride  in  hydrochloric  acid  : 

0-3910  gave  0  073  Pt.    Pt  =  18  6. 

(0|9Hj704Cl),FtOl4.2H,0  requires  Pt  - 18*4  per  cent. 

Xhe  mih^dfqf€rrieklarid»  is  readily  prepared  by  adding  oonoentrated 
ferric  chloride  to  a  solution  of  the  anhydrohydrodiloride  in  aqueous 
alcoholic  hydrochloric  add.  The  orange  precipitate  is  collected  and 
crystallised  from  glacial  acetic  acid,  from  which  it  separates  in  brown 
leaflets  with  a  striking  coppery  lustre.  For  anslysifly  the  suhetaaoe 
was  dried  at  100^ : 

0-1218  gave  0-1998  CO^  and  0  037  H^O.    G  =  44-9  ;  H  =  3-4. 
Oj^Hi^O^^FeOl^  requires  C  »  44-9 ;  H  -  3*4  per  cent. 

The  P yraiiol  Salts  Derived  from  Mono-  or  Di-methylhrazileiiu 

4' :  h'-Dihydrwy-'l'matiiioa^'i  :  Z-indenohenzofyfoml  (1 : 4)  Ank^dr^ 

HSO4 


O 

MeO/N^^CH 


hydrogenstU^iale, 


CH, 


>5 

HO  OH 

In  order  to  prepare  this  salt,  dimcthylbraxilein  (probably  containing 

monomethylbrazilein),  prepared  as  described  on  p.  1132,  is  dissolved  in 
sulphuric  acid.  The  deep  crimson  solution  is  warmed  on  the  water- 
bath,  and,  as  soon  as  the  colour  has  completely  changed,  the 
fluoreficeut  bolution  is  poured  into  water,  which  causes  a  sparingly 
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soluble  onudge  pfodpitate  to  sepuate.  This  in  collected,  orystalliMd 
from  much  acetic  acid,  and  dried  on  porous  porcelain  in  the  air : 

0*1174  gave  0*3184  00^  and  0*0450  Hfi,   0«  9*6 ;  H- 4-3. 

Ci7H,jO^,HS04,2n20  requires  C-49-3  ;  H  =  4-3  per  cent. 

The  complex  ferrichloride. — The  anhydro-hydrogen  sulphate  may  be 
converted  into  other  salts  in  the  n<»ual  manner.  Wlien  it  is  dissolved  in 
alcoholic  hydrochloric  acid,  a  yellow  solution  is  obtained,  from  which 
ferric  chloride  precipitates  a  yellow  substance.  It  is  sparingly  soluble  in 
boiling  glacial  acetic  acid,  and  separates,  on  cooling,  in  dark  brownish- 
green  crystals,  which,  after  drying  on  porous  porcel&in  in  the  aiTi  gave 
the  following  results  on  analysis  : 

0-1330  gave  0*2440  CO^  and  0*0421  H^O.    0-60*0;  H-3*5. 

0*2848   „    0  0203  Fe,Oy  Fe-7-1. 
0|,H„O4CI,FeGl„C|,H„O40l»H2O     requires    0-50*2;  H->3*4; 

Fe-6*9  percent. 

It  appears  therefore  that  this  ferrichloride  has  an  abnormal 
composition. 

Pyrand  Saltt  Derived  from  TetramBihylha^maiein, 

ty-Bydroxy-l :  6  ;  ^'4riiMthox3f-4t :  Z-indtnobtnzopyranol  (1 : 4)  Anhydnh 

FeCl. 
MeO  O 


Me0/\^\CH 
firrichhrids,  ^VoH, 


MeO  OH 


Tetramethylbnmatein  dissolves  in  snlphnrie  acid  with  a  ehazaeteristic 
carmipe  colour,  and,  on  warming,  this  changes  to  yellowish^brown,  bnt 
the  solution  does  not  fluoresce  strongly  as  in  the  case  of  trimetbyl- 

brazilein  (p.   1147).    When  this  solution  is  jwured  into  water,  a 

gelatinous,  orange  red  substance  is  obtained,  wliich  is  very  similar  to 
the  rod  anhydro-hydrogen  sulphate  produced  from  trimethylbrazilein 
under  the  same  conditions.  It  dissolves  in  hot  alcoholic  hydrochloric 
acid,  and,  on  cooling,  the  solution  deposits  a  brownish-yollow,  gelatinous 
anhydrohydrochloride.  This  anhydrohydrochloride  yields  double  salts 
when  treated  with  metallic  chlorides  in  the  usual  way,  and  these  are 
gelatinous  when  first  precipitated.  Thus  the  anhydroferrichloride  is 
obtained  as  an  orange  red,  gelatinous  precipitate  when  ferric  chloride 
is  added  to  the  solution  of  the  anhydrohydrochloride.  It  was  collected 
and  recr jstailised  from  glacial  acetic  acid,  from  which  it  separated  as  an 
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onng»-brown,  crystalline  mats,  which,  under  the  mioromp*,  was 

to  consist  of  well-defiiiady  elongated  prisma.  For  aaal^sis^  the  snfaatance 

wasdiiedat  100°: 

0*1308  gave  0*3082  00, and  0OS91  H,0.   0-m;  H«S<3. 
Ci9Hj70g,FeCl^  requires  0-43*7;  H«3'3  per  eent. 


Fyranol  Salts   Dsriv^d  from  Psniamsihyldihydr^' 

A«s  ma  letfi  el. 

7:8:4':5'-2WrfMMt4oay-4:3-Msiio(0mo^       (1:4)  Anhydro/erri- 

FeCL 
MeO  O 

MeOi^^\:tI 
eMaridi,  V  OH, 


MeO  OMe 


Pentamethyldihydrohoemateinol  dissolves  in  sulphuric  acid,  pro* 
dncing  a  crimson  solution,  which,  when  heated  on  the  water-bath^ 
becomes  yellow,  owing  to  the  formation  of  the  pyranol  anhydro-hydrogen 
sulphate.  On  pouring  into  water,  an  orange  salt  is  precipitated,  which 
is  mnch  more  solnble  than  the  salt  which  is  obtained  from  tetramethyl- 
dthydrobraaileinol  under  the  same  conditions.  When  dinolved  in  hot 
aqueous  aloohdic  hydrochloric  acid,  a  yellow  solution  of  the  anhydro- 
hydrochloride  is  obtained,  from  which  all  the  usual  double  salts  maj  be 
prepared.  The  anhydr^mrriehMdf  is  an  oiange-yellow  prsoipttate, 
which  crystallises  from  acetic  acid  in  choc61ate-ooloured  needles*  and 
melts  at  190^.  Dried  at  100^,  the  following  results  were  obtained  on 
analysis: 

0*1270  gave  0-2092  CO3  and  0  0427  H^O.    0  -  44-9  ;  H  «  3-7. 
Cj^UjjOj.FeCl^  requires  C  =  44  9 ;  H  -  3  6  per  cent. 


AUsa^  to  SynOmiae  7:4':  5'-7WfneMor^4  :  Z-in(hnob9nzopi/nmU  (1 : 4) 

AnhydrokydrookhndM  (p.  1149). 

The  first  step  in  these  syntheUcal  experiments  was  the  ciondenaa- 

tion  of  5 : 6-dimethoxyhydrindone  with  formic  ester,  and  this  was 

carried  ouC  in  the  following  way.  Dimethoxyhydrindone  (5  grams) 
was  dissolved  in  100  c.c.  of  light  petroleum  (b.  p.  about  110^),  mixed 
with  formic  eater  (12  grams),  and  then  sodamide  (10  grams)  was 
gradually  added  to  the  hot  solution.  Each  addition  caused  a  vigorous 
reaction,  and  a  drab  sodium  derivati?e  separated.    When  all  the 
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aodamida  had  been  added*  ^e  mixture  wae  beated  for  half  an  hour  ou 
the  water-bath,  treated  with  ioe,  and  the  aqneone  layer  aeparated. 
The  eolntion  wae  acidified  with  hydroohlorie  acid,  the  yellow  precipi- 
tate odUected,  dsained  on  poroua  poroelain,  and  cryetallifled  from  ethyl 
acetate: 

0-1314  gave  0  3145  CO,  and  0  0652  H,0.    C  =  65-3  ;  H-5-6. 
CjoHjoO^  requires  C  =  65*5  ;  H  =  5  4  per  cent. 

6:6-  Dimeihoxy  -  2  - hydroxymeihyltnA^  1  - hydrwdoni$  separat cs  f rom 
acetic  eeter  in  yellow,  priamatie  needles,  eoftens  at  165°,  and  is 
completely  melted  at  170^.  It  dissolyee  in  concentrated  sulphuric  acid 
with  a  cherry-red  colour,  and  ite  alcoholic  solution  gives  a  green 
coloration  with  ferric  chloride^  Since  it  dissoWes  both  in  alkali 
carbonates  and  in  eodium  acetate,  there  can  be  no  doubt  but  that 
it  is  a  true  hydroscymethylene  compound,  and  that  its  constitution  is 
represented  by  the  formula 

CO 

The  next  step  was  to  replace  the  hydroxyl  group  by  chlorine,  and 
this  was  done  by  digesting  the  hydrozymethylene  compound  with 
phosphorus  trichloride  until  solution  was  complete.  The  product  was 
poured  on  to  ice,  and,  when  the  excess  of  trichloride  had  been 
decomposed,  the  whole  was  extracted  with  ether,  the  ethereal  solution 
washed  with  dilute  sodium  carbonate,  dried,  and  the  ether  eraporated. 
The  solid  residue  separated  from  ether  in  microecopio  threads,  and, 
alter  drying  over  sulphuric  add  in  a  vacuum,  the  following  result  was 
obtained  on  analysis : 

01309  gave  0-0781  AgCl.    CI  =  U-6. 

Q|fH||Og01  requires  Gl»  14*7  per  cent. 

This  cUoro^erivative  tnelte  at  156^  and  is  clearly  5 : 6-<iMisift<w^2- 
dMbrsms<Aytwe-l 'AyfrtiMtoiii.  We  next  proceeded  to  investigate  the 
condensation  of  this  substance  with  sodium  resorcinol  in  the  hope 
that  the  condensation  would  take  place  in  aocordance  with  the 
scheme: 

^  H0/N-0*0H:C-CH2-/N0Me 


KJ  ^oo-|Jo: 


>He 


The  latter  substance  would  doubtless  undergo  internal  condensation 
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wlien  treated  with  adds  to  form  a  dorifative  of  4 : 3-iiideiiobeiiio- 
pyianol,  nmeij, 

O 

C(OH) 


MoOOMe 


and  this  on  mothylation  and  treatment  with  hydrochloric  acid  sliould 
yield  the  anhydrohydrochloride  which  has  been  obtained  from  tetra- 
methyldihydrobrazileinol  (p.  1149).  Unfortunately,  the  coudensation 
took  place  in  a  quite  unex{)ected  manner  with  the  formutiou  of 
2' :  i'-di/i)/(lrori/-5  :^-diniethoxy-'2  benzj/lidene  X-hydrindone^  a  substacce 
which  wo  had  described  in  a  previous  paper  (Trims.,  1907,  91,  1097). 
In  this  synthesis,  the  sodium  derivative  of  resorcinol  may  be  assumed 
to  react  in  its  tautomeiio  form,  as  if  the  sodium  were  attached  to  carbon, 
and  the  whole  proeees  is  then  readily  explained  by  the  foUowing 
Bcfaeme: 

KaUl  +  ^^»'^^^?-.  -  ^M,-/\i 


!J/cH:C<-H^OMe 


OMe 
OMe' 


The  following  are  the  detaiil«  of  the  experiment : 

"Resorcinol  (1*1  grams)  was  dissolved  in  a  little  alcohol  and  mixed 
with  a  solution  of  sodium  (0'3  gram)  in  alcohol ;  the  chloro-compouod 
(2  4  grams)  was  then  added  and  the  solution  boiled,  when  an  orange- 
red  colour  gradually  developed.  After  half  an  hour,  the  product  was 
diluted  with  water,  the  pale  brown,  crystalline  precipitate  (X)llect€d, 
and  crystallised  from  alcohol.  The  pure  substance  decomposed  at 
235°,  and  showed  all  the  reactions  of  2' :  4'-dihydroxy-5  :  6-dimethoxy- 
2*beozylidene-l-hydrindone.  In  order  to  be  certain  of  its  identity, 
we  methylated  the  substanee  and  obtained  the  corresponding  totra- 
metbozy-derivative  of  melting  point  ISd""  (Trans.,  1907,  81,  1101). 
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The  Action  of  Hydrogtn  Poroxido  on  BraziUin. 

i.obuiyrtc  Acid.  » 6:^0H  • 

In  prepariDg  this  quiuone,  hrazileiu  (14  grams)  is  suspended  in 
glacial  acetic  acid  (130  cc),  mixed  with  hydrogen  peroxide  (20  c.o.  of 
aO  per  cent.),  and  warmed  to  30^.  The  temperature  gradoallj  rlsea 
to  38—40%  but,  owing  to  the  fact  that  brasilein  is  verj  sparingly 
soluble  in  acetic  add  at  this  temperature,  the  reaction  proceeds  only 
slowly,  and  usually  requires  forty-five  minutes  for  completion.  After 
warming  to  50%  the  product  is  filtered,*  and  the  deep  brown  filtrate 
allowed  to  stand  overnight;  the  crystalline  precipitate,  which  will 
have  separated,  is  collected,  washed  with  oold  acetic  acid  until  the 
filtrate  is  nearly  colourless,  and  drained  on  porous  povoelain.  The 
beantiful  dark  brown,  satiny  mass  is  seen  under  the  microscope  to 
consist  of  transparent,  brown  needles  and  to  be  quite  homogeniMus. 
Three  different  specimens  were  analysed,  the  two  first  were  obtained 
directly  in  the  manner  just  described,  and  the  third  was  recrystallised 
from  acetic  acid : 

0-1788  gave  0-3623  CO^  and  0  0625  H^O.    C  =  55-3  ;  H  =  3  9. 
0-1491     „   0  3001  CO,  „  0  0540  HjO.    C  =  55-0  ;  H  =  41. 
0-1495     „   0-2998  COj   „   0  0552  H^O.    0  =  54  8;  H  =  4  0. 
Oj^Hj^Og  requires  0  =  54*8;  H«»4-0  per  cent. 

This  quinone  dissolves  in  boiling  acetic  acid,  but  more  readily  in 
formic  acid,  and  separates,  on  cooling,  in  almost  black,  microscopic 
balls  of  needles.  It  dissolves  in  sodium  carbonate  or  potassium 
hydroxide  in  the  oold,  yielding  deep  claret  solutions  quite  different  in 
appearance  from  the  colour  of  the  solutions  of  brasilein  in  alkalis. 

It  shows  some  very  remarkable  colour  reactions,  of  which  only  the 
foUowlDg  need  be  mentioned.  It  dissolves  in  dilute  ammonia  with  a 
rcddish-brown  colour,  and  the  solution,  when  exposed  to  air,  becomes 
brown,  then  an  intense  indigo-blue,  and  lastly  deep  violet. 

If  the  solution  in  ammonia  is  shaken  with  sine  dust  and  rapidly 

*  Wiien  this  preparation  is  succesaful,  only  about  4  grams  of  solid  should  remain 
nndiMolved,  but,  in  toniA  Saaas,  a  much  larger  quantity  will  have  aepumted  befim 
filtntioB.  This  oonatsts  of  quiaons  mixed  with  varyiiig  qnsatitles  of  michanged 

brazilein,  and,  if  treated  again  with  acetic  acid  and  hydrogen  peroxide,  the  brsxUein 
will  be  readily  oxidised  and  the  precipitate  is  then  altimst  pnro  quinone. 

A  note  on  this  very  elTectivfi  hk  thoil  of  oxidation  was  pabliahed  by  me  iu  1907 
(Proc,  23,  166)  and  thought  to  be  new,  but  i'rof.  A.  F.  HoUemau  has  kindly 
pointed  out  that  ho  had  employed  the  same  conditions  in  1904  {Rec  trav.  Chivut 
.  IW— W.  H.  P.,  jun. 

VOL    XCIII.  *  ^r. 
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filtered,  a  yellow  eoltttion  U  obtaitied,  which  in  contaot  with  «ir 
becomee  an  intense  blue.  An  intense  indigo-blne  eolation  ie  aleo  pro- 
ditoed  when  a  drop  of  sttlphuric  acid  ie  added  to  a  speck  of  the  qninone 
dtnoWcd  in  acetic  add.  A  trace  of  the  qiynone  dtseolvee  in  concen- 
trated sulphuric  acid  with  a  reddish-violet  colour,  this  rapidly  becomee 
bluish-violet,  then  indigo-blue^  and  gradually  deep  green,  and,  if  th» 
solution  is  now  cautiously  warmed,  the  green  colour  fades  somewhat,, 
becomes  browner,  and  then  deep  riolet. 

The  quinone  is  readily  reduced  by  alkaline  reducing  agents,  such  as 
sodium  hydroxide  and  zinc  dust,  and,  when  boiled  with  acetic  acid^ 
sine  dust  and  acetic  anhydride,  reduction  and  acetylation  take  place 
BimuUaneously,  and  a  colourless  solution  is  formed  which,  when  poured 
into  water,  deposits  a  voluminous,  white  precipitate.  The  estigatioa 
of  this  iuterebting  product  of  reductiou  is  not  yet  complete. 

THb  Action  of  Hydrogen  Peroxide  on  Trimethylhratiiein. 

FormeUion  qf  the  Lactone  of  1'  -.^i  5-Trikifdroxya:^:b'4rimetho2[^fi' 
phmtoxy'fi-pkmylisolnUjfrie  Acid, 


When  trimethylhrazilein  (8  grams)  is  dissolved  in  warm  glacial 
acetic  acid  (60  cc),  well  cooled,  and  mixed  with  7  c.c.  of  30  per  cent, 
hydrogen  peroxide,  the  colour  of  the  solution  becomes  intensified, 
the  temperature  soon  begins  to  rise,  and  the  acetic  acid  oltimately 
boils.  On  cooling,  the  new  lactone  crystallises  out.  The  best  results 
are  obteined  by  conducting  the  experiment  in  a  wide  test-tube 
proyided  with  a  thermometer  and  keeping  the  temperature  at  40 — 45^ 
when,  after  about  fifteen  minutes,  the  dark  brown  liquid  begins  to 
crjstalltse  and  soon  becomes  semi-solid.  The  product  is  mixed  with 
alcohol  (StoIs.),  the  •crystalline  mass  collected,  washed  with  alcohol 
until  quite  free  from  the  dark-coloured  mother  liquor,  drained  on 
porous  porcelain,  and  reorystallised  from  boiling  glacial  acetic  acid, 
from  which  it  separates  as  a  voluminous  mass  of  almost  colourle<a 
needles : 

0-2147  gave  0  4800  C0.2  and  0  1036  H^O.  C  =  6l-0;  H  =  5-4. 
0-1595    „    0-3573  OO2   „   0-U760  H.p.    C  =  61-l  ;  H-5-3. 

CijHjo^g  requires  C  -  6 1  0 ;  H  -  5*4  per  cent. 
The  determination  of  the  methoxy-groups  gave  the  following 
result: 

018S3  gave  0  3310  Agl.  lfeO-24*3. 
Oj^H^Os,  containing  three  MeOgroups,  requires  MeO-S4*7  per  cent. 
This  lactone  melts  at  about  218 — 230^,  but  shrinks  together  a  few 
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degrees  below  this.    It  is  sparingly  soluble  in  hot  alcohol,  aeetio  aoid> 

or  formic  acid,  and  almost  insoluble  in  cold  alcohol,  benzene,  or  chloro- 
form. It  separates  from  its  solution  in  boiling  formic  acid  in  beautiful 
colourless,  glistening  needles. 

It  is  insoluble  in  cold  dilute  sodium  carbonate,  but,  on  warming,  it 
dissolves,  yielding  an  almost  colourless  solution,  which,  owing  to 
oxidation,  rapidly  becomes  brown  and  then  purple;  potassium 
hydroxide  dissolves  it  in  the  cold  with  the  same  changes  of  colour, 
and  the  alkaline  solutions  give  no  precipitate  with  acids,  showing 
that  the  hydroxy-acid  is  readily  soluble  in  water.  Towards  acids  the 
lactone  is  very  stable,  since  it  doe?  not  appear  to  be  readily  changed 
by  boiling  with  oonoentrated  hydroohlorio  aoid  or  dilute  sulphuric 
acid. 

It  dissolves  in  concentrated  sulphuric  acid  with  a  reddish- violet 
colour,  whieh  soon  changes  to  bluish-violet,  and  the  addition  of  a 
drop  of  woamyl  nitrite  causes  the  ccdour  to  become  an  intense 
blood-red« 

When  concentrated  ferric  chloride  is  added  to  a  solution  of  the 
substance  in  hot  acetic  suad,  a  dark  brown  eolation  is  prodaoed»  and 
the  addition  of  water  causes  a  biowni  amorphous  substance  to 
separate.  The  hot  acetic  add  solution  gives  with  ifoamyl  nitrite  or 
concentrated  eodiom  nitrite  an  intense  brownish«oraDge  scdutioni  from 
which  water  predpitates  a  bright  orange  eabetanoe.  Ohromic  acid 
zapdly  csidiseB  the  eolntion  of  the  lactone  in  acetic  acid,  and  a  dark 
brown  precipitate  is  formed,  whieh  qoicfcly  dissolves  with  a  dark 
brown  ooHnmt,  When  the  lactone  (2  grams),  dissolved  in  ezoees  of 
potsssium  hydroadde^  is  oxidised  in  a  coal-gas  atmosphere  with 
hydrogen  penudde  (2*0  cd  of  the  30  per  cent,  solution)  at  40% 
it  is  converted  into  a  brown  syrup,  which  is  very  soluble  in  water 
and  gives  an  immediate  precipitate  with  p-bromophenylhydiisine 
acetate. 

One  of  the  most  remarkable  properties  of  the  lactone  of  melting 

point  218°  is  the  fact  that  it  may  be  distilled  under  reduced  pressure. 
When  5  grams  were  rapidly  heated  in  a  small  retort  under  10  mm. 
pressure,  a  sublimate  soon  formed  and  then  an  oil  distilled,  which 
crystallised  in  the  neck  of  the  retort,  only  a  comparatively  small 
carbonaceous  residue  being  left. 

The  distillate  was  melted  on  to  a  watch-glass  and  found  to 
weigh  3  grams,  and,  when  rubbed  with  alcohol,  it  yielded  a  mass  of 
crystals  which  melted  at  218°9  and  consisted  of  the  unchanged 
lactone. 

It  is  remarkable  that  a  substance  of  such  complicated  structure  and 
high  molecular  weight  should  distil. 
The  aet^  derivativc^The  lactone  of  melting  point  218°  is  sparingly 
VOLb  XOUL  4  H 

Digitized  by  Google 


1168      .  KNOIU3»  PBBXIK»  AND  BOfiElVSON ;  BBAZOIN, 


soluble  in  oold  aeatic  aoliydride^  but  dissolveB  readily  on  wmiing,  and 
if 9  ef ter  boiling  for  half  an  hour,  tbe  eold  8olation  is  poured  into  water, 
a  lesinoiiB  enbatanoe  eeparates  which,  in  eontaet  with  ioe-water,  aoon 
beoomes  qvite  hard.  The  mass  was  ground  up  wUh  water,  ooUeeted, 
drained  on  porous  poroelain,;  and  crystallised  from  methyl  alcoliol, 
from  which  part  of  the  sabstance  usnally  separates  as  a  gnm,  and  the 
liquid  then  beoomes  filled  with  a  mass  of  woolly  balls  or  needlee. 
Analysis  showed  that  this  sabstance  is  a  momacetyl  derivative, jnstead 
of  the  diacetyl  derivative  which  was  to  be  expected  : 

0-1350  gave  0  2960  COj  and  0  0663  Hp.    C  =  59  8  ;  H  =  5-4. 

0-1260   „    0-2753  CO2  „   00610  H^O,    C  =  59  6  ;H=5-4. 
CjjHjjOj  requircj^  C  =  60  3  ;  H  =  5  3  per  cent. 

This  acetyl  derivative  melts  at  113 — 114°,  and  is  readily  soluble  in 
alooluJ  or  benzene,  but  sparingly  so  in  light  petroleum.  It  dissolves 
at  once  in  cold  dilute  potassium  hydroxide*  yielding  a  ooloorlcss  solu- 
tion which,  in  contact  with  air,  soon  becomes  brown. 

Utiffno  AM  hff  the  Adim  of  Hydirogm  Peromde  on  Trimtth^ldikjfdtO' 
hratUomol, — In  cartying  out  this  experiment,  trimethyldihydro- 
brasileinol  (1  gram)  suBpended  in  acetic  acid  (10  cc.)  was  mixed  with 
2c.c.  of  hydrogen  peroxide  (30  per  cent.),  when*the  temperature  rapidly 
rose  and  the  substance  dissolved,  forming  a  deep  brown  eolation.  The 
temperature  was  kept  at  45^  until  crystallisation  set  in,  and  in  a  short 
time  the  whole  became  solid  enough  to  allow  of  the  teet-tube  being 
inverted  without  loss.  After  colleotiog,  washing  with  alcohol,  and 
ciystallising  from  this  solvent,  a  mass  of  nearly  colourless  needles 
were  obtained,  which  gave  on  analysis  : 

0-1935  gave  0  4320  CO^  and  0-0936  H.^Q.    C  =  60-9;  H«5-3. 
CjgHgQOg  requires  C  =  61-0;  H  =  5'4  per  cent. 

This  substance  melted  at  218°,  and  was  identical  with  the  lactone 
obtained  from  trimethylbrasiiein,  since  there  was  no  alteration  in 
melting  point  when  the  two  specimens  were  mixed. 


a.:  2 : 4 : 6 : 2' :  5^i?<mm6lAeaey./8'-;iAMM«y^i9->^  Acid^ 

MeO/N-0-CH2-C(OMe)-CH2-/\oMe 


The  methyl  ester  of  this  acid  is  obbiiincd  from  the  Lictoiie  of 
melting  poiiit  218"',  described  in  the  last  section,  by  treatment  with 
potassium  hydroxide  and  methyl  sulphate  under  the  following 
conditions. 

The  lactone  (10  grams)  is  placed  in  a  1500  cc.  tlask  filled  with 
coal  gas,  sufficient  dilute  potasuum  hydroxide  is  added  to  dissolve 
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it,  and  then  methyl  sulphate  and  potsxssium  hydroxide  are  added 
alternately  with  constant  shaking  until  a  crystalline  precipitato 
separates,  awe  being  taken,  by  cooling,  that  tlie  temperature  does 
not  rise  above  40°.  After  standing  for  two  houra,  the  precipitate 
is  collected,  washed  well,*  and  crj^stallised  from  70  per  cent,  methyl 
alcohol : 

0-1628  gave  0-3660  COj  and  0  0985  H.A    C  =  61-3;  H  =  6'7. 
0-1423    „    0-3204  COg       0  086 i  H/).    0^61-4;  H-6-7. 
O^H^O^  requires  U  »  61  *3 ;  H  »  6*7  per  cent. 

Tbe  detorminatioii  of  the  methozy-groups  gave  the  following 
resalt : 

0-2420  gave  0-8650  Agl.    MeO  -  47*2. 
^ft^M^ft)  contaioiDg  seven  MeO  groups,  requires  MeO  »  48*2  per  cent* 

This  mtthifl  ester  separates  from  dilute  methyl  alcohol  in  beautiful 
colourless  prisms,  like  sugar  crystals,  and  melts  at  91^ 

It  is  readily  soluble  in  hot  methyl  or  ethyl  alcohols  or  acetic  acid, 
but  sparingly  so  in  light  petroleum.  It  dissolyes  in  sulphuric  add 
with  a  yellow  colour,  which,  on  warming,  becomes  an  intense 
brownish-green,  and,  if  left  overnight,  a  deep  sage-green*  It  is 
very  stable  towards  permanganate,  even  on  warming. 

The  hexamethoxy  -acid. — The  methyl  ester  of  this  acid,  just  descri))ed, 
dissolves  readily  in  warm  methyl-alcoholic  potash,  but  hydrolysis  tnkos 
place  slowly  even  on  vvarruing.  After  boiling  for  an  hour  with  a  large 
excess  of  concentrated  methyl-alcoholic  potash,  water  was  added,  the 
solution  evaporated  until  free  from  methyl  alcohol,  cooled,  and  acidified, 
when  a  gum  separated  which,  warmed  with  much  water,  rapidly 
solidilietl.  The  mass  was  ground  with  water,  collected,  and  crystal- 
lised from  dilute  methyl  alcohol,  from  which  it  separates  in  glistening, 
four-sided  plates  containing  1  molecule  of  water : 

01813  gave  0*3864  00,  and  0*1104  H^O.  0-i68*2 ;  H-6*7. 
0*1418  „  0*3048  00,  „  0  0880  H,0.   0-58*6;  H-6-9. 
0*3366   „  0*4860  00,  „  0*1393  H,0.   0-68*4;  H- 6*8. 
CggHsgOg.HsO  requires  0-68*3 ;  H- 6*6  per  cent. 

When  this  acid  is  heated  at  100*^,  it  loses  water,  and  is  converted 
into  a  gum  which,  on  exposure  to  air,  gradually  attracts  moisture 
and  becomes  crystalline.  This  change  takes  place  rapidly  if  the 
gum  is  rubbed  with  moist  acetic  ester.  A  determination  of  the 
water  in  the  crystalline  acid  gave  the  following  result : 

*  When  the  alkaline  filtrate  is  addificd,  a  gnmmy  substance  sometimes  sepamtcs, 
which,  when  wernieil  with  water,  gradually  crj'stallises,  and,  nftcr  crystallisatioQ 
from  dilute  methyl  alcohol,  melts  at  100—102%  and  cousisU  of  the  pure  hexa* 
methoxy-acid. 

4  H  2 
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.  0*4470,  heated  at  100°  for  1}  hoiin,  lost  0-0173,  or  3-9  per  oenk 

^22^30^10  losing  H,0  oorresponds  wiUi  4*0  por  oent. 

The  methoxy-determinatioD  in  the  crystaliine  aoid  gaTd : 

01740  gavo  0-5490  AgL  MeO-41-S. 
0„HmH|^  oontaining  ax  MeO  gioaps,  reqidrea  HiaOM41*0  por  oent. 

Tho  hexamethoxy-acid,  when  rapidly  heated,  softens  at  about  95° 
and  melts  at  100 — 102°.  When  boiled  with  water,  it  dissolves 
appreciably,  and  crystallises  from  the  filtered  solution  in  colour- 
less, thin,  transparent,  four-sided  plates,  which,  when  dry,  have  a 
satiny  lustre.  It  dissolves  readily  in  sodium  carbonate,  and  the 
concentrated  solution  crystallises,  owing  to  the  separation  of  a 
sparingly  soluble  sodium  salt ;  the  solution  of  this  salt  is  readily 
oxidised  h\  permanganate.  The  molecular  weight  of  the  acid  was 
controlled  by  titration  with  iV"'10  sodium  hydroxide,  when  it  was 
found  that  0*3386  required  for  neutralisation  about  0032  NaOH, 
whereas  this  amount  of  a  monobasic  acid,  Oj^Hg^Ojo,  should  neutralise 
0*029  NaOH.  The  silver  salt  was  obtained  by  adding  silver  nitrate 
to  a  faintly  alkaline  soluUon  of  the  ammonium  ailt  as  a  white, 
ohalky  preoipitate.  It  was  washed  with  warm  water  and  dried 
on  porous  poicelain  over  sulphuric  aeid : 

0*3900  gave  0*0800  Ag.   Ag  -  20*6. 

0„B^OgAg  requires  Ag»  19*9  per  cent. 

A  slightly  alkaline  solution  of  tho  ammonium  salt  gives  no 
precipitate  with  barium  or  calcium  chlorides,  but  a  very  pale  green 
precipitate  with  copper  sulphate. 

The  oxidation  of  the  acid  by  permanganate  was  repeatedly  investi- 
gated under  varying  conditions  in  the  hope  that  degradation  products 
might  be  obtained  which  would  eonclnsively  prove  the  stmeture  of  the 
acid,  but  much  oxalic  add  was  always  formed,  and  no  other  adds  oould 
be  isolated  in  suffident  quantity  for  enmination. 

The  add  di88<dve8  in  fuming  aqueous  hydrobromio  add  in  the  cold, 
yidding  an  almost  eoloarless  solutaony  whish»  on  long  stendini^ 
becomes  a  brilliant  bluish-purple.  It  dissolves  in  solphuiio  add«  and 
the  greenish-brown  solution  gradually  becomes  quite  Uack;  when  pound 
into  water,  a  black  predj^tate  separates^  and  the  liquid  has  a  strong 
odour  of  sulphur  dioxide. 
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Th€  AeUon  c/  Hydrogen  Peroxide  on  Totrameihyldihydrfh 

hrazileinol, 

FvrmaHan  of  the  LaeUme  of  2' :  2'Dihydroxy'a :  4 : 5 :  d'-teiramethaxy-P- 
phenoxy  P-phenylhobuti/rie  Acidf 

Me0/\-0-0H2-C(0Me)-CHj-/^,0Me 
\J — O— CO         HOi^OMe ' 

and  its  Conversion  into  the  Methyl  Ester  of  a :  2  : 4  : 5  : 2' :  b'-Hexa- 
methoxy-fi'-pf^noxy-fi-phenyliaobtUyric  Acid, 

Id  ovder  to  prepare  the  above  ladxme,  tetramethyldibydrobradleinol 
(p.  1140),  in  qnantitieB  of  1  gram»  is  diraolTod  in  aoetio  aoid  (3  e.e.), 
mixed  with  1  ae.  of  hydrogen  peroxide  (80  per  cent.),  and  the  temperature 
kept  at  about  40^  The  pink  colour  of  the  eolation  gradually 
beoomea  paler,  erystalliflation  soon  commenoee,  and  in  a  ehort  time 
the  maw  eolidifiea.  After  ooUeeting  and  waahing  with  a  little 
acetic  add,  the  aabetaoee  ie  readily  purified  hf  reeiyetaUiaation  from 
alcohol ; 

0-1794  gave  0-4047  CO^  and  0-0920  HgO.      C-61-5  ;  H-5-7. 

016U    „    0-3636  COg  „   0-0828  HgO.     C  =  6l-4;  H  =  5-7. 
CjQHjgOg  requires  0  =  61*5  ;  H  =  5-6  per  cent. 

The  following  determioation  of  the  methozy-groupe  was  made : 

0-1318  gave  0  3120  Agl.  MeO«31-2. 
Of^U^O^,  oontainiog  four  MeO  groups,  requires  MeOa31'7  per  cent. 

Thia  lactone  erystallises  from  alcohol  in  groups  of  almost  colourless 
needles  and  melts  at  160?.  It  ia  insoluble  in  cold  dilute  sodium 
carbonate,  but  dissolyes  readily  on  warming ;  it  is  at  once  soluble  in 
cold  dilute  potassium  hydroxide.  These  alkaline  solutions  differ  from 
those  of  the  lactone  of  the  2' :  2 : 5-trihydroxy*a :  4 : 5'-trimethozy-acid 
(m.  p.  218°)  (p.  1157)  in  that  they  are  only  very  slowly  turned  brown 
on  exposure  to  air,  and  also,  when  acidified,  they  yield  a  solid 
substance  which,  since  it  is  immediately  soluble  in  cold  sodium  carw 
bonate,  is  probably  the  correspondiug  h>droj£y-acid.  The  lactone  gives 
with  sulphuric  acid  the  colour  changes  described  in  the  caae  of  the 
lactone  of  melting  point  218^ 

Conversion  of  the  Lactone  (m.  p.  160°)  into  the  Methyl  Eater  of 
Ilexcmet/ioxy-fi  '-phen  oxy-fi-pltenylif^obiUyric  Acid. 

In  carrying  out  this  experiment,  the  lactone  was  dissolved  in 
excess  of  dilute  potassium  hydroxide,  and  shaken  with  methyl  suipb«te 
and  potassium  hydroxide  until  a  crystalline  subbtance  separated. 
Thia  was  collected  and  recrystallised  from'dilute  methyl  alcohol,  when 
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colourless  prisms  were  obtained  which  gave,  on  analysisi  the  following 
results : 

0*1804  gave  0  2928  00^  and  0  0792  H^O.     C »-61'2  ;  H-6'7. 
O^U^O^  reqniiM  0  -  61*3 ;      6  7  per  cent 

ThU  flubstanoe  melted  at  91 — 9^,  and  was  identieal  witb  tlie 
methyl  ester  described  on  p.  1159,  since,  when  the  two  speeimMis 

were  mixed,  there  was  no  alteration  in  melting  point. 

During  the  course  of  tliese  two  investigations,  much  of  the  heavy 
expense  has  been  met  by  repeated  Grants  from  the  Royal  Society  and 
from  the  Chemical  Society,  and  the  authors  wish  to  express  their 
thanks  for  this  valuable  assistance.  They  also  wish  to  thank 
Mr.  W.  !N.  Haworth,  M.Sc,  for  valuable  assistance,  especially  in 
connexion  with  the  analytical  work. 

TBI  TJNivRRanr, 

Makohutsb. 


CXII. — The  Interaction  of  Copper  and  Nitric  Acid  in 
Presence  of  Metallic  Nitrates  Considered  with 
Reference  to  the  Existence  of  Hydrates  in  Solution, 

By  Edwabd  Henry  Rennie,  M.A.,  D.Sc,  Alfred  J.  UiGom,  IT.l.C, 

and  William  Tsunsnt  Ck>osB,  D.Sc 

SoMB  yean  ago,  one  of  ns  was  eoBSulted  by  tbe  Broken  ffill 
Proprietary  Company  in  a  disputed  patent  case  in  which  one  of  the 
points  at  issue  was  whether  the  action  of  dilute  sulphuric  acid  on 
zinc-lead  concentrates  would  bo  essentially  modified  by  the  addition 

of  sodium  sulphate.  In  support  of  the  contention  that  there  would 
be  a  niodificition,  a  demonstration  was  given  in  which  equal  quantities 
of  the  concentrates  having  been  placed  in  two  be:»kers,  diluted  nitric 
acid  was  added  to  the  one  and  to  the  other  an  equal  volume  of  the  same 
acid  saturated  with  sodium  nitrate,  the  temperature  of  both  being  the 
same.  Action  commenced  much  earlier  and  proceeded  much  more 
rapidly  in  the  case  in  which  sodium  nitrate  had  been  added.  The 
explanation  at  first  suggested  was  that  the  sodium  nitrate  was  impure 
and  that  it  contained  something  which  acceleratdl  tlic  action  of  tlie 
nitric  acid.  On  roughly  testing  the  nitrate,  however,  it  appeared 
to  bo  fairly  pure  and  further  experiments  were  decided  on.  The 
concontrates  being  rather  awkwai*d  material  to  deal  with,  metallio 
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copper  was  substituted.  It  was  found  that  the  copper  dissolved 
much  more  rapidly  in  nitric  acid  containing  sodium  nitrate  than  in 
the  acid  alone.  An  experiment  was  then  tried  with  potassium 
niteate,  but  no  similar  acceleration  was  observed.  This  led  to  a 
suspicion  that  the  first  idea  of  the  presence  of  imparity  in  the  aodium 
nitrate  must  be  the  correot  one^  to  test  this,  several  spedmens  of 
purified  sodium  nitrate  were  prepared  in  various  ways : 

(a)  By  repeated  crystallisation  of  oommercially  pure  nitrate. 

(b)  By  neutralising  Merck's  pure  sodium  hydroxide  with  nitric  acid, 
(e)  By  nentralinng  pure  sodium  hydrogen  carbonate  with  nitric  add. 
All  tho  samples  were  erystallised  until  fairly  stvoug  solutions 

were  frse  from  dilorine,  iron,  solj^urie  add,  and  nitrons  add ;  nor 
oould  any  chlorate  or  iodate  be  detected  in  them.  The  result  was 
the  same  with  all  the  samples.  Moreover,  it  was  shown  by  direst 
experiment  that  small  quantities  of  irou,  sulphurio  add»  ehlomtes  or 
perehloratss  had  no  acoderating  effeot  (chlorates  distinotly  retarded 
the  action).  Bven  traces  of  nitrites  had  no  appreciable  effect 
although  on  increasing  the  quantity  aoeelefaticii  set  in.  Farther 
experiments  showed,  moreover,  that  the  acceleration  increased 
with  the  quantity  of  nitrate  added  but  tended  towards  a  maximum. 
It  was  then  determined  to  carry  out  a  systematic  investigation. 

An  apparatus  was  so  constructed  that  two  test-tubes,  each  about 
one  inch  in  diameter  and  six  inclies  in  length,  could  bo  placed  side  by 
side  and  partly  immersed  in  a  beaker  of  water,  which  was  fitted  with  a 
thermo-regulator.  The  two  stirrers  were  mr\de  by  flattening  out  the 
ends  of  two  glass  rods  and  then  twisting  the  flattened  ends  into  the 
form  of  screws ;  these  were  fixed  in  a  movable  frame,  so  that  they 
could  be  simultaneously  immersed  in  the  two  tubes  and  made  to 
revolve  at  exactly  the  same  rate  by  means  of  a  small  water  turbine. 
The  temperature  in  all  experiments  was  59°  (any  temperature  near 
60°  was  found  convenient  as  regards  the  time  required  to  effect  dis- 
solution) and  was  easily  kept  constant  within  half  a  degree  by  means 
of  an  ordinary  gas  regulator  (it  was  ascertained  that  small  variations 
of  temperature  were  of  no  importance).  Pure  electrolytic  copper  foil 
was  used.    The  method  of  operating  was  as  follows : 

Into  each  test-tube  was  poured  from  a  burette  a  known  yolume  (in 
most  cases  10  cc)  of  nitric  add  of  suitable  dilution,  with  or  without 
a  weighed  quantity  of  nitrate;  the  tubes  were  placed  in  (he  water- 
hath  so  that  they  were  immersed  and  time  was  given  for  the  contents 
to  acquire  the  temperature  of  the  bath ;  two  pieces  of  coj^er  of  the 
same  weight  and  super0dal  area  were  dropped  dmultaoeondy  one  into 
eadi  tube  and  the  sUrrers  were  inserted  and  set  in  motion,  the  time 
of  dropping  in  the  copper  heing  then  noted  and  also  the  time  at  which  it 
was  eompletdy  diBSolved.  This  oould  eadly  he  observed  through  the 
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dear  water  in  the  beaker.  The  copper  used  was  cut  into  pieces  of  the 
mzG  required,  weished  successively  with  ether,  alcohol  and  distilled 
water,  dried  as  far  as  possible  between  sheets  of  clean  blotting  paper 
and  finally  dried  by  gently  warming  in  the  air;  it  was  placed  in  a 
well-closed  bottle  and  was  never  handled  by  the  fingers ;  its  surface 
remained  perfectly  bright.  In  all  the  experiments,  the  pieces  of 
copper  rotated  in  the  tubes,  owing  to  the  action  of  the  stirrers.  It 
was  found  that  by  operating  in  this  way  fairly  concordant  results 
oonld  be  obtained  but  there  were  some  irregularities.  In  the  first 
place,  as  might  have  been  expected  from  the  work  of  Yel^  (Proe.  Boy, 
Soo,f  1889,  46,  216)  on  the  action  of  nitric  aoid  o&  oopper,  the  i»te  of 
etirring  was  found  to  affect  the  rate  of  dissolution.  By  extremely 
rapid  etirring,  the  time  required  for  dissolution  oonld  be  oonsidevaUy 
prolonged  bat  by  regulating  the  stiiring  at  the  same  moderate  rate 
for  eaeh  experinMnt^  as  nearly  as  could  be  judged  by  the  eye  (by 
watehing  a  mark  on  the  email  band  eenseottng  the  etirren  with  the 
motor),  fairly  ooneordant  reeolto  oonld  be  obtained^  the  oopper  beiog 
diBSolved  within  a  moderate  time.  Again,  under  exaetly  nmHar 
conditions  in  the  two  tubsa,  the  oopper  almost  invariably  dissolved  in 
one  slightly  Isstsr  than  in  the  other,  this  being  specially  noticsnble 
whsn  the  times  were  longer.  TbiM  was  traced  to  a  difference  in  the 
stirrers,  for  on  reversing  the  stirrers  the  offset  was  reverssd*  The 
difference,  however,  did  not  affect  the  general  resnlt*  Occasionally  a 
piece  of  copper  woold  behave  abnormally  and  take  very  mveh  longer 
than  the  average  time  to  dinolve.  We  oooid  only  suppose  that  this 
was  due  to  some  abnormality  of  surface,  possibly  imperfect  cleansing, 
which  delayed  the  action.  In  spite  of  these  drawbacks,  however,  the 
figures  agree  sufficiently  well  for  our  purpose.  In  the  earlier  ex- 
periments, the  weight  of  copper  used  varied  only  in  extreme  cases 
from  0  095  to  0  098  gram  (the  great  majority  varied  only  from  0*096 
to  0  097),  the  superficial  area  in  each  case  being  practically  the  same. 
The  nitric  acid  used  was  prepared  by  diluting  to  1  litre  100  c.c  of 
65 "68  per  cent,  nitric  acid.  It  therefore  contained  approximately 
6 '5  per  cent.  In  each  experiment,  11  cc  were  taken ;  the  temperature 
was  maintained  at  59°. 

The  following  are  eome  results  obtained  with  sodium  nitrate,  the 
vertical  column  giving  the  time  of  complete  dissolution  to  the  nearest 
half  minute.  At  the  head  of  each  column  after  the  first  is  placed  the 
weighty  in  grams,  of  dry  sodium  nitrate  added.  Abnormal  results, 
which  occurred  extremely  rarely  (three  or  fonr  in  the  whole  of  tlM 
experiments  contained  in  this  paper)  are  omitted : 
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'    M$iuU8  with  Sodmm  Nibraibt. 
KitriAaddiloiie.  0*6       1  0       2-0       4  0       5  0       6  0       8  0      10  0 


48   40-5  88-0  31  0  24-0  18  0  17*0  12'5  13-6 

49   44*0  87  0  31-0  28*0  180  17'0  130  13-5 

49   48*0  40<0  80*0  28-0  18*5  16*0  18*0  18*0 

48   49-0  38-5  33  0  24-5  20-0  16  5  18*6  18*8 

49    42-5  37-0  35*5  26  0  20*5  16'5        —  — 

46   42-0  29  0  34-0  18  5  16  0        —  — 

47    41-5  87-0  —        —  19*6  _        —  — 

49    48-0  41*0                 —  —  —    >.  ^  — 


A  limit  is  apparentlj  reaelied  on  the  addition  of  8  grams  of 
nitrate. 

As  previously  stated,  potassium  nitrate  appeared  to  bare  no 

aooelerating  effect.    The  foIlowiDg  table  gives  results  with  potassium 

nitrate,  the  con<iitioiis  being  the  same  a8  with  the  sodium  salt.  The 
potassium  nitrate  was  repeatedly  recrystallised  until  pure  : 


Resides  wiUi  Potassium  NUrats. 


0-5 

1-0 

2-0 

4-0 

6  0 

47-6 

44-5 

48-0 

52  0 

42*6 

49*0 

46*0 

44*0 

51*0 

67-0 

460 

47-5 

47-0 

51-5 

52-5 

45-0 

49-0 

50-0 

49*5 

50  0 

48-5 

46  0 

48-0 

61*5 

If  anything,  potassium  nitrate  in  large  quantities  produces  a  slight 
retardation. 

Preliminary  experiments  having  shown  that  other  nitrates  prodnoed 
effects  similar  to  those  due  to  sodium  nitrate,  a  fresh  series  was 
inetitnted,  using  equivalent  weights  of  the  various  nitrates  so  as  to 
oompare  their  effects.  In  all  the  following  experiments,  the  pieces  of 
copper  weighed  0*0775  gram  within  0*0005  gram,  their  superfiotal 
area  being  as  nearly  as  possible  1*96  square  cm.  The  nitrio  add 
used  was  2ir*  In  each  experiment,  the  quantity  of  acid  taken  was 
10  and  the  amount  of  nitrate  added  was  0*01,  0*021  0*03,  te,  of 
the  equivalent  weight  in  grams. 

The  following  ssries  of  experiments  was  made  with  sodium  nitrate 
in  order  to  estabUsh  a  standard  of  comparison  for  other  nitrates : 


Nitric  acid 

0-01 

0-02 

0-08 

004 

0-06 

0  1 

0-12  equiv.  did  not 

ftl«ne. 

equiv. 

cquiv. 

•equiv* 

eqoiv. 

equiv. 

equiv. 

sll  diBBolve. 

32-0 

21-0 

160 

12-5 

11-0 

10-0 

8-5 

8  0 

33-0 

22  0 

17-5 

13-5 

12-5 

10-5 

9-0 

86 

82-5 

21-5 

17-5 

14-6 

13-5 

10-5 

84-5 

28*6 

18*5 

16-6 

19H> 

UD 

82-5 

22-0 

17-5 

13-5 

10-5 

33-5 

24  0 

18-5 

14-0 

120 

34  0 

23  0 

17-5 

13-5 

12*5 

SSD 

24-0 

18*0 

14*0 

18*0 

Mmh. 

Hem. 

Hflan. 

HstD* 

Mflsn. 

MeaiL 

Mmui. 

881 

22*4 

17-6 

14-0 

121 

10-7 

8-7 

8-2 

y 
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Further  experiments  were  not  made  with  potassiam  nitrate,  the 
results  previously  given  being  sufficient  to  show  that  potassiam 
Ditrate  has  no  accelerating  but  rather  a  slightly  retarding  effect. 

Lithium  NitraU. — The  purest  obtainable  lithium  carbonate  was 
dissolved  in  nitric  acid,  the  solution  evaporated  to  dryness,  dissolved 
in  alcohol,  evaporated  to  dryness,  heated  to  110 — 120°  and  preserved 
in  a  well-closed  bottle.  That  it  was  practically  pure  was  shown  by 
the  fact  that  on  convmioii  ioto  sulphate  it  yielded  an  almost 
theoretical  result.  No  speeial  examination  was  made  for  traces  of 
impurity,  it  liaving  been  sbown  already  tbat  such  traces  have  little  or 
DO  effect.  The  following  results  show  that  lithium  nitrate  has  a 
much  gfoator  aocelentting  effect  than  sodium  nitrate : 

O'Ol  c*juiv.   24*0         24*0         24  0         26*0  — 

0  02  cquiv.    9*6  9*5         11*0         10*0  1011 

O'OSeqniT.    5*0         6*5         6*0  ft*5 

Rvhidium.  Nitrate. — The  rubidium  nitrate  used  was  a  well  crystal- 
lised specimen  obtained  from  Merck  and  was  not  specially  examined  ; 
its  solution  in  water  was  quite  neutral.  As  the  quantity  available 
was  smally  the  solutions  once  nsed  were  freed  from  copper  hy  electro* 
lysis,  evaporated,  crystallised  and  used  again.   The  results  were  as 


follows : 

0-02  ©quiv.                   87  0         38  5           -  —  — 

0*08  6qiiiT.                  41*6        40*0        61  (t)  46  48 

0*06eqiiiv.                 68*6        66*0          —  ^ 

Caesium  Nitrate. — There  marks  made  with  respect  to  the  condition  of 

the  rubidium  salt  apply  also  to  the  csBsium  nitrate.  The  eSect  ol  this 
salt  was  as  follows : 

0*02  6qair.                  48*6        41          47  65  (!)  48 

0*08  6qoiv.                  60*0        67          67  ~ 


These  results  are  obviously  not  so  concordant  as  those  obtained  in 
other  cases.  It  is  evident,  however,  that  both  rubidium  and  ca3>ium 
nitrates  effect  a  marked  retardation  and  that  the  retardation  is  greater 
with  the  cesium  than  with  the  rubidium  salt.  During  these  latter 
experiments  and  frequently  during  the  whole  of  the  work,  the  nitrio 
acid  was  tested  by  itaelf  and  found  to  give  a  uniform  rate  of 
dissolution. 

CaMwn  IfUrai$.—Th9  calcium  nitrate  used  was  prepared  by 
diflsolving  pure  predintated  csloittm  carb(mate  in  nitrio  aeid, 
evaporating  to  dryness  and  drying  at  about  180^.  The  results 
obtained  were : 

0-02eqaiT   14         14*6         16  16 

0'08  6qii!v.    9  9*0        _  — 
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S6*S 

25-5 

28'6 

29  0 

25-0 

27-0 

27  0 

29*0 

20-0 

22-0 

21-0 

21-0 

20-0 

19-6 

20-0 

21-0 

140 

14-0 

15  0 

160 

14-0 

14  0 

15  0 

15 -6 

11 D 

10-6 

10-0 

9-6 

Acceleration  is  evidently  greater  bainol  so  great  Muwith  magnedam 

nitrate  (see  below). 

Strontium  Xiir(de.--T\\Q  strontium  nitrate  was  thoroughly  purified 
by  recrystalli.<ing  commercially  pure  material  and  was  free  from  any 
appreciable  amount  of  impurity.  It  was  rendered  anhydrous  before 
uBing  by  heating  to  110 — 120°.  Numerous  experiments  were  made 
with  this  salt : 

O'Ol  oquiv  

0'02  cqniv  

0'03  equiv.  ..«., 
O-OleiiiiiT.  

The  acceleration  is  great  but  not  so  great  as  with  calcium  nitrate. 

Barium  NUraie. — ^Tbe  solabiUty  of  barinm  nitrate  in  nitric  add  is 
so  small  that  no  satisfactory  result  can  bo  obtained  with  it.  Even 
with  nitric  acid  of  half  the  strength  need  in  these  ezperimonte,  0*01 
eqniyalent  of  barium  nitiate  could  not  be  dissolved  in  10  ao.  With 
so  much  as  could  be  dissolved,  no  accelerating  effect  conld  be 
detected. 

jSo^ffermtniB  wUh  StPrateB  of  Magnttium,  £ine  and  CadmUm, — ^Tbese 
being  all  very  deliquescent  salts,  the  method  of  operating  with  them 
was  varied.  In  each  case  the  pure  oxide  was  prepared :  the  magnesinm 
oxide  by  strongly  igniting  some  specially  prepared  and  purified 
carbonate;  the  zinc  oxide  by  thoroughly  washing  and  igniting 
commercial  pure  sine  oxide  which  had  been  used  for  analytical 
purposes,  the  freedom  of  which  from  all,  but  slight,  traces  of  impurity 
was  known  ;  tho  cadmium  oxide  by  precipitating  cadmium  sulphate 
with  ammonium  carbonate,  washing  thorouglily  and  igniting 
at  a  high  temperature.  The  required  weight  of  oxide  was  then 
mixed  with  exactly  the  quantity  of  nitric  acid  required  to  form 
the  normal  nitrate  and  the  volume  made  up  with  a  sufficient  excess 
of  nitric  acid  and  water  to  make  the  solution  2.V  with  respect  to  the 
acid.  Ten  c.c.  of  this  solution  were  then  used  for  each  experiment. 
This  is  obviously  not  quite  the  same  thing  as  adding  the  required 
quantity  of  nitrntc  to  10  c.c.  of  2N  acid  but  the  results  obtained  with 
tliese  three  nitrates  are  at  least  comparable  among  themselves  and, 
considering  the  variations  of  time  due  to  the  conditions  of  experiments, 
are  fairly  comparable  with  those  obtained  in  other  oases.  The  results 
obtained  with  magnednm  nitrate  were : 

0*01  equT.   18-6      ISO      14*0      18*6      16*0      18*6      16*0  16*6 

0*02  cqniT.   6*6       6*5       6*0       6-0       6*6       6*0       —  — 

Thoro  is  a  great  acceleration,  considerably  greater  than  with  lithium 
or  calcium  nitrate. 

Zino  nitrate  gave  the  following  figures  : 
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0*01eitn{r.  16*6        16        16-0        17        15  17*0 

0  02  equlT.    7*0  7  TH)  7  7  7*5 

O  OSeqaiT.    4-0         6         4'6         4         i  4*6 

The  acceleration  not  quite  so  great  as  with  mftgnesiam  nitrate. 
With  cadmium  nitrate  the  results  were : 

001  equiv.   IS'O         17-0         16-5  18-6 

0*02eqaiy.   8D  8*6  8*6  — 

The  acoelemiion  in  slightly  less  than  with  sine  nitrate. 
M»pmi$nmti  wiUk  Ccpptr  iVi^rals.— The  faet  that  the  intevaetton  of 
copper  and  nitrio  add  is  in  some  way  anto^aoeelerated  has  been 

frequently  observed ;  the  faet  has  been  ascribed  by  Yeley  {he.  eiL) 

and  others  to  the  accumulation  of  nitrous  acid  in  the  solution.  That 
the  accumulation  of  nitrous  acid  is  one  factor  in  the  acceleration  need 
not  be  disputed,  in  fact,  it  appears  evident  from  Yeley'a  work ;  but 
that  there  is  another  factor  operative,  namely,  the  accumulation 
of  copper  nitrate,  seems  evident  from  the  experiments  now  described. 

Ordinary  metallic  copper  was  dissolved  in  nitric  acid  and  the  solution 
evaporated  to  crystallising  point,  taking  care  to  keep  an  excess  of 
nitric  acid  present  to  prevent  formation  of  basic  salt.  The  crystallised 
salt  was  separated,  washed  with  ice-cold  water  and  drained  on  a 
porous  tile.  It  was  redissolved  and  the  solution  a^in  evaporated  to 
crystallising  point  with  sufficient  acid  to  prevent  the  formation 
of  basic  nitrate.  The  crystals  were  well  washed  with  ioe-water, 
drained  on  a  porous  tile,  placed  for  two  or  three  days  in  a  partly 
exhausted  desiccator  om  snlphnric  add  and  then  stmd  in  a  well* 
stoppered  bottle. 

The  salt  so  obtained  dissolved  to  a  perfectly  olear  solution  in  water ; 
the  solution  was  Tory  slightly  acid  to  litmus  paper.  It  eontained 
27*56  per  cent,  of  oopper,  equivalent  to  81*26  per  oent.  of  anhydrous 
copper  nitrate^  Quantities  of  this  preparation,  oomsponding  to  the 
required  quantity  of  anhydrous  nitrate^  were  then  taken  and  made 
up  with  sufficient  nitric  add  and  water  to  form  a  solution  SiV 
with  respect  to  the  acid ;  10  e.&  of  the  solution  were  taken  for  ea^ 
experiment.   The  results  were : 

■ 

0*01«qQiv.    17-0        17*0  16*6 

0'02«qQiv.    8*6         8*6  8*6 

There  is  evidently  great  acceleration. 

Experimenia  with  Lead  Nitrate. — The  lead  nitrate  used  was  pre- 
pared by  twice  crystallising  the  commercially  pure  salt  and  heating 
it  to  110 — 120°.  Its  solution  in  water  was  distinctly  but  DOt 
strongly  add;  it  was  found  just  posdble  to  dissolve  0*02  gna- 
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equivalent  in  10  c.c.  of  the  acid  at  the  temperature  of  the  experimeDt. 
The  following  numbers  were  obtained  : 

0-02«qaiv   24  86  20 

Evidently  there  is  acceleration  but  lees  than  with  any  nitxftte  tried 
which  gives  acceleration  at  all* 

ExperifMnia  yriih  Anmonnm  NUraU. — A  few  experiments  were 
tried  with  ammonium  nitrate  but  the  leenltai  as  was  anticipated, 
were  irregular  and  unsatisfactory.  This  is  no  doubt  due  to  the 
effect  of  the  ammonium  salt  on  the  nitrous  acid  produced. 

DUeuision  of  Results. 

The  fact  that  the  hydrolytic  effects  of  acids  are  oonsiderablj 
increased  by  the  addition  of  their  salts  has  been  frequently  noticed, 
especially  in  recent  years ;  indeed,  Oaldwell  points  out  (Proc.  Roy,  JSoCf 
1907,  78,  J,  277)  that  as  long  ago  as  1662  Ldwenthal  and  Lenssen 
made  experiments  on  the  effect  of  salts  on  the  rate  of  inversion  of 
sucrose  by  acids  and  ascribed  the  aooeleiatioii  they  ohsenred  to  the 
withdrawal  of  water  from  the  salts  and  the  consequent  increase  of 
strength  of  the  adds.  Quite  recently  the  question  has  been  taken  up 
ezpeiimentally  by  H.  B.  Armstrong  in  conjunction  with  Oaldwell, 
Whymper  and  Watson  (Froo.  Roy,  Soe,^  1907,  79,  J,  576). 
Whymper  more  especially  has  examined  the  effect  of  the  addition  of 
nitrates  on  tl|e  sncrodastio  effects  of  nitric  aeid.  All  these  authors 
come  to  the  same  oonetusum  as  JUSwenthal  and  Lenssen  \  they  find 
that  the  degree  of  hydration  of  various  salts  calculated  from  their 
experiments  agrees  fairly  well  with  that  determined  by  other  experi- 
menters by  other  methods.  The  experiments  described  in  this  paper 
seem  to  us  to  atlonl  stroDg  qualitative  evidence  in  favour  of  the  views 
now  generally  accepted  as  to  the  combination  of  solute  with  solvent. 
They  appear,  moreover,  to  Bupply  evidence  of  a  kind  not  hitherto 
published  so  far  as  we  are  aware.  Armstrong  and  Watson,  in  their 
paper  {loc.  cit.),  say:  **As  the  substances  in  a  solution  share  the 
solvent  and  are  in  competition,  it  is  to  be  expected  that  hydration 
values  will  be  found  to  vary  from  case  to  case  and  that  it  will  not 
always  be  possible  to  approximate  to  the  true  [de]hydrating  effect  of  a 
salt ;  indeed,  cases  are  known  in  which  aalfee  appamnUy  r§tcurd 
hydroi/ffM*    The  italics  are  ours. 

Our  experiments  with  rubidium  and  cseium  nitrates  afford  strong 
evidence  of  considerable  retardation  of  the  action  of  nitric  acid  on 
oopper,  and  those  with  potassium  nitrate  furnish  some  evidence  in  the 
same  dirsetioii.  It  seems  probable  also  that  when  a  nitrate  is  added 
to  dilute  aitrie  acidy  there  is  oompetition  between  the  add  and  water, 
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botli  oombining  with  the  salt.  We  Teutore  to  think  that  the  experi- 
mentB  with  the  nitrates  of  the  alkali  metals  strongly  support  soeh  a 
view,  showing  as  they  do  that  there  is  a  decreasing  acceleration  from 
lithium  nitrate  to  potassium  nitrate,  the  latter  pro(luciu<,'  uut  only  no 
acceleration  but  a  slight  rotardation,  whiUt  an  increasing  retardation 
is  noticeable  from  potassium  nitrate  to  csesium  nitrate.  It  is 
both  noteworthy  in  this  connexion  and  probably  significant  that 
Ditto  long  ago  {Compt.  rend.^  1879,  89,  576,  641)  showed  that  potassium 
and  rubidium  are  capable  of  forming  acid  nitrates  (he  apparently  did 
not  experiment  with  cajsium  nitrate)  but  that  lithium  and  sodium  are 
not.  With  magnesium,  calcium,  and  strontium  nitrates,  a  similar 
decrease  in  acceleration  is  observed  in  the  order  named  ;  owing  to  the 
insolubility  of  barium  nitrate,  nothing  could  be  done  with  this  salt. 
So  far  as  they  go,  zinc  and  cadmium  nitrates  exhibit  the  same  phen- 
omenon. If  these  views  are  correot,  then  in  the  ezperimente  oarried 
out  by  H.  £b  Armstrong  and  his  oo-workem  the  same  induence  must 
have  come  into  play  as  between  the  salt,  aeid,  and  water  but  the 
effecte  would  be  modified  by  the  fact  that  they  nsed  acid  of  only  half 
the  strength  used  by  us  and  that  there  were  other  substances  present 
whieh  themselves  tended  to  oombine  either  with  the  nitrio  acid,  water,  or 
aeid.  Moreover,  the  only  salt  they  used  which  with  ns  exhibited  any 
vetarding  effeet  and  that  a  very  slight  one  was  potassium  nitnte; 
they  did  not  experiment  with  rubidinm  or  cnsinm  nitrates.  It 
would  be  interesting  to  know  whether  the  latter  salts  would  exert 
any  retarding  influence  on  the  inversion  of  sucrose  by  nitric  add. 
Qualitatively,  our  results  accord  with  those  of  other  observers  if  we 
consider  the  effects  produced  by  ffram-mohetdar  weights,  nd  sgictso^enfff 
of  the  nitrates,  the  order  of  acceleration  being  what  it  should  be  if 
the  caloulatsd  hydration  results  are  correct. 

A  further  deduction  to  be  drawn  from  these  experiments  which 
is  implied  in  what  has  been  already  stated  is  that  in  any  one  group 
of  metals  the  hydration  of  the  nitrates  in  solution  in  dilute  nitric 
acid  decreases  as  the  atomic  weight  of  the  metals  increases,  and, 
moreover,  in  the  same  order. 

The  action  of  copper  nitrate  has  been  discussed  already. 

1 .  The  dissolution  of  copper  in  nitric  aoid  may  be  greatly  aocelerated 
by  the  addition  of  certain  metallic  nitrates. 

2.  Certain  nitrates,  however,  such  as  those  of  cnsium  and  rubidiiiai» 
retard  the  dissolulaoii. 

3.  These  phenomena  are  probably  due  to  the  withdrawal  of  water 
or  nitrio  aoid  from  the  solution  by  the  salt.. 
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4.  The  acceleration  decreases  with  nitrates  of  any  one  group  of 
metals  as  the  atomic  weight  increases  and  in  the  same  order. 

5.  Copper  nitrate  has  a  great  accelerating  effect :  therefore  the 
auto-acceleration  observed  when  copper  is  dissolved  in  nitric  acid 
must  be  partly  due  to  the  copper  nitrate  formed. 

6.  These  results  afford  additional  evidence  that  the  process  of 
solution  ia  accompanied  by  the  combination  of  the  solute  with  the 
solvent. 

It  is  proposed  to  extend  this  inquiry  in  various  direction,  especially 
with  a  view  to  obtaining,  if  possible,  retarding  effects  with  other 
metals,  acids  and  salts,  in  the  hope  also  of  so  improving  the  method  as 
to  arrive  at  qiwntitative  results. 

Tu  UmrnstTT  ow  Aoslaidi. 


CXIII. — Condensation  Products   from  Aminopinene^ 

dioarboxylie  Acid. 

By  William  Goddbn,  B.Sc. 

Ay  the  oondiision  of  a  paper  on  the  amino^usid  derived  fxom  pinene 
(TUden  and  Blyther,  Trans.,  1906,  89,  1663),  it  was  mentioned  that 
this  compoond  is  capable  of  forming  oertain  condensation  products, 
▲t  the  request  of  Professor  Tilden,  I  undertook  the  further  investi- 
gatioQ  of  the  subject,  with  the  following  results. 

It  may  be  observed  that,  of  the  two  formula:  possible  for  this 
compound, 

/CMe-00,H  /(Me*00sH 

X?H./CO,H  XJHa'NH, 
(I.)  (II.) 

(Tilden  and  Burrows,  Trans.,  1905,  87,  344),  the  latter  appears  to  be 
the  more  probable,  as  the  acidity  of  the  acid  is  strongly  marked,  and 
when  heated  it  readily  evolves  carbon  dioxide. 

An  attempt  to  estimate  quantitatively  the  amount  of  carbon  dioxide 
produced  by  heating  the  acid  to  the  melting  point,  and  absorbing  the 
evolved  gas  by  means  of  potassium  hydroxide,  resulted  in  the 
ooUection  of  i2  parts  of  carbon  dioxide  from  229  parts,  or  one 
molecular  proportion,  of  the  acid.  This  corresponds  therefore  with 
the  destruction  of  one  carbozyl  group.  The  residual  substance, 
however,  is  darh-eoloured  and  viaoid,  and  it  has  not  been  found 
possible  to  charaeterise  it 

If  the  add  is  heated  to  fusion  for  a  shorter.  ttinei.|tut9^ndensatton 
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of  tho  acid  seems  to  occur.  A  crystalline  mass  is  left  on  cooling,  from 
which,  aftui  ronioval  of  the  uncrystallisable  matter  and  recrystal- 
lisation  from  alcohol,  melts  and  decomposes  at  263^.  On  aaaljsis,  it 
gave  the  following  results  ; 

Found:  G»58-60»  58-60,  5840;  H-8d8,  8*40»  8.30;  N»6-34, 
6-76. 

OiiH^O^N  requires  0  -  57'6i ;  «  8*30 ;  N  »  61 3  per  cent. 
On  oomperiaoa  of  ihase  numbers  with  those  required  by  the  formal* 
of  the  amtiUHieid,  it  will  be  seen  that  there  is  only  a  slight  difference 
in  the  carbon.  The  assnmption  that  two  moleonles  of  the  aoid  have 
interaoted  with  loss  of  one  molecnle  of  water  leads  to  a  formola  which 
requires  60*0  per  oent.  of  carbon.  The  nearest  approach  to  the 
composition  found  is  pronded  by  a  formula  which  results  from  the 
coalescence  of  three  molecules  of  the  add  with  loss  of  one  molecule 
of  water.    This  requires  0«59'1;  H-*8*3;  and  per  cent. 

On  the  whole,  howeveri  it  seems  more  probable  that  the  substance  is 
merely  a  kind  of  salt  formed  by  the  onion  of  two  or  more  molecules 
of  the  acid  in  virtue  of  its  amphoteric  character,  and  that,  by  recrystaU 
lisation,  the  original  acid  is  gradually  regenerated.  This  view  is 
supported  by  the  fact  that  it  gives  with  sodium  hydroxide  and  dilute 
copper  bulphate  solution  a  bluish-violet  coloration  practically  identical 
with  that  which  is  produced  by  the  original  acid. 

(1)  Condemaiion  wiUi  Glycine. 

Molecular  proportions  or  5  grams  of  the  amino  acid  hydrochloride 
and  1*4  grams  of  glycine  were  mixed  together  and  heated  with  30  c.c. 
of  absolute  alcohol  in  a  sealed  tube  at  110—120°  for  four  hours.  Ko 
pressure  was  observed.  The  dear  alcoholic  liquid  was  allowed  to 
evaporate  dowly  to  diyness,  and  a  sticky,  white  solid  sepsiated.  This 
was  dissolved  in  water,  neutralised  with  sodium  hydroxide^  and  shaken 
with  ether.  The  ether  extracted  nothing,  but  from  the  aqueous 
solution,  on  standing,  cdourless  needles,  melting  at  234 — ^296%  were 
deposited.   On  analysis : 

Found:  N- 9*7,  9-6. 

CjjHjjOgNj  requires  N=»98  per  cent. 

Condensation  of  one  molecule  of  glycine  and  one  molecule  of  the 
amino-acid  had  thus  evidently  taken  place. 

On  mixing  a  hot  aqueous  solution  of  the  substance  with  a  hot  solu- 
tion of  copper  acetate,  and  leaving  the  mixture  to  cool,  small,  bluish- 
violet  needles  of  the  copjjer  hydrogen  salt  separated*   On  analysis  • 

i'ound;Cu  =  10-4,  103. 

OggH^iOi^^Ou  requires  On  - 10*03  per  cent. 
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By  MMpeading  the  subBianoe  in  dry  ether  and  passing  in  dry 
hydrogen  chloride,  a  h^fdroMoride  was  prodaoed.  This  was  orybtallised 
from  water,  and  the  chlorine  estimated  by  titration  with  standard 
nitrate  solution. 

Found:  CI- 11-6,  11-3. 

CjgHjjOjNj,UCl  requires  Cl  =  110  per  cent. 

(2)  Condensation  with  Aaparlic  Acid. 

Molecular  proportions  or  5  grams  of  the  amino-acid  hydrochloride  and 
2*5  grams  of  aspariic  acid  were  mixed  together  and  heated  with  30  c.c. 
of  absolute  alcohol  in  a  sealed  tube  at  110 — 120^  for  four  hours. 
The  solution,  after  being  filtend  from  some  deposited  aspartic  acid, 
was  allowed  to  evaporate.  The  crystals  obtained  weie  dissolved  in 
water,  neutralised  with  sodium  hydroxide,  and,  on  standing,  colourless 
needles  were  deposited. 

Pound  :N« 7-6,  7-4. 

^26^41^10^3  requires  N—Ti^S  per  cent. 

The  coDden^atiou  ot  one  molecule  of  aspartio  acid  with  two 
molecules  of  the  amino-acid  had  thus  takou  place  with  elimiuatiou  of 
two  molet:ule8  of  water. 

The  residue  of  unchanged  aspartic  add  is  thus  accounted  for. 

This  hubstance  giive  a  copper  salt  when  a  hot  a(jueous  solution  was 
mixed  with  a  hot  solution  of  copper  acetate.  On  cooling,  bluish-violet 
needles  were  deposited. 

Found:  Cu=  10-34,  10-43, 

Cj^HggOioNgCu  requires  Cu»  10*31  per  cent. 

Condensation  of  the  amuuMudd  with  bensaldehyde  appeared  to 
occur  when  the  two  substances  were  heated  together,  but  the  product 
was  uncrystallisable.  With  anthranilic  acid  no  change  seemed  to  take 
place. 

KOYAL  COLLEOK  OF  SciKMCE,  LoNDON, 
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0X1 V. — The  Triaz<hgr<nip.    Fart  IV.  AUylaaoimide, 

By  Mahtin  Onslow  Fokstkr  aud  Hans  Eduabd  Fikrz. 

Attkntiok  has  been  directed  at  various  times  to  the  facility  with 
^whieh  the  atoms  composing  the  triazo-gronp  part  company,  as  testified 
by  the  following  illnstrationa 

Benzylasoimide  is  resolved  by  acids  ipto  bensylideoeimine  and 
nitrogen  (Ourtins  and  Darapsky,  J.  pr.  Chem,,  1901,  [ii],  63,  428) : 

0«H,-OH,-N<^    —>    CeHft-CH:NH  +  N,. 

Plitiiyla'/oimide  under  the  influence  of  sodium  ethoxide  may  he  con- 
densed witii  nuinerouH  eslers,  yielding  triazole  derivatives  (JJimrotb, 
Jkr.,  1902,  35,  1029,  4041 ;  AanaUn,  1901,  335,  1)  : 

H,u + ^'a«i»-^^<c(OH,):6-co,-c,H; 

Alkyl-  and  aryl-azoimideR  are  transformed  into  diaioamino-oom- 

pounj^s  by  the  action  of  organo-mngnesium  derivatives  (Dimroth, 
Iter,,  1903,  36,  909  ;  1905,  38,  670 ;  1906,  39,  3906) : 

X-N<^+ Y-MgI-X*N(Mgl)'N:N*Y  or  X*N:N-N(MgI)«Y. 

Potassium  cyanide  converts  pbenylazoimide  into  benseneAZ(ieyaa> 
amide  (Wolff  aDd  Liudenhayn,  Ber,,  1904,  37,  2374) : 

C^H4-N<||  +  HCiS  =  UfllVNIN-NH-CN. 

A  trace  of  sodium  ethoxide  liberates  two-thirds  of  the  nitrogen 
from  triaxo-ketones  (Forster  and  Fiorz,  Trans.,  1905,  87,  826;  this 
vol.,  pp.  72  aud  669)  : 

x«co-OH,-N<§  — >  n,+x-oo-oh:nh. 

As  an  explanation  of  the  Ust-named  change,  it  has  been  BUggeeted 
that,  prior  to  elimination  of  nitrogen,  the  carbonyl  group  beoomes 
saturated  by  the  triaso-group,  giving  rise  to  an  unstable  cycloid  which 
forthwith  collapses. 

The  foregoing  considerationR,  coupled  with  certain  points  of 
semblance  between  diaaomethane  and  the  triaso-group, 


H-CH<^    and  X-N<|j 
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led  u8  to  investigaie  the  properties  of  allylazoimide^  in  which  com- 
pound, 

CHj:CH'CHj-N<^ , 

one  might  anticipate  the  display  of  some  attraction  on  the  part  of  the 
ethenoid  linking  for  the  highly  active  triaKhgroup ;  given  a  snitable 
environment,  there  should  occur  redibtribution  of  affinities  analogous 
to  the  interaction  of  ethylene  and  diazomethanoi  of  which  the  outcome 
is  pyrazoline  (Azsarello,  AiU  B.  Aatad.  JAnesi,  1905,  [v],  14,  ii,  285) : 

CH.:CH,.CH,<J}    -    JljL^^f . 

On  attempting  to  prepare  allylazoimide  from  sodium  azide  and  ally  I 
chloride  or  iodide,  interaction  took  place  with  moderate  readiness,  but 
it  was  noticed  that,  unless  quickly  removed,  the  triazo-derivative 
undergoes  a  profound  change,  in  consequence  of  which  we  have  never 
obtained  yields  exceeding  30  per  cent.  This  is  explained  by  the  fact 
that  allylasoimide,  a  liquid  which  boils  at  76-6^»  changes  slowly,  without 
eztemid  stimulus,  into  a  crystalline,  isomerie,  diasoamino-compound, 
which  melts  at  192^  and  is  very  sensitive  towards  acids.  Beflecting 
on  the  probable  constitution  of  this  compound,  we  were  at  first  dis- 
posed to  regard  it  as  having  a  cycloid  structure  arising  from  allylazo- 
imide by  the  following  rearrangement : 

Such  a  ring  would  bo  called  dihydrotriazine,  and  represents,  so  far  as 
we  have  been  able  to  ascertjtin,  a  new  type  of  ( yeloid  ;  it  is,  in  fact,  a 
dihydrobenzeue  in  which  one-half  of  the  molecule  is  replaced  by  the 
diazoamino(triazene)-group : 

A-     Dihydiohoiizenc.  A'-Diliy<lro-l  :  2  :  3-iri:ii'.iiio. 

In  drawing  this  conclusion,  we  liave  not  oveilooked  the  possibility 
of  secondary  transformation  into  the  isomeric  methyl- 1  \  2  :  3  triazoi^ 

suggested  by  the  recognition  of  the  substance  originally  called 
dihydrotetrazine  as  l-amino-3 :44ria8ole  (BUIow,  B$r,,  1906,  39, 
2618), 

NH-N:NH  ^'^N-CH  • 

4  I  2 
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and  of  i^-dihydrotetrazinedicarboxylic  acid  (biudiazoacetic  acid)  as 

l-amiao-3  :  4-triazole  2  :  5-dicaiboxylic  acid, 

Our  reuoa  for  preferring  tbe  hezacydoid  represeotaUon  is  t«<>>fdd. 
Although  the  uncertainty  hitherto  prevaili Dg  as  regards  the  oonstito- 
tion  of  bisdiaioeoetio  derivatives  has  been  removed  by  the  praettosl 
agreement  with  Bttlow^s  views  on  the  part  of  Onrtins,  Darapsky,  and 
MtiUer  {Ber.,  1907,  40,  1470),  aU  doabt  as  to  the  possibiHty  of  a 
tetrazine  ring  existing  has  been  removed  since  the  recent  isolation  of 
1  : 2  :  4  : 5-tetrazine  by  the  authors  mentioned  (ibid.,  p.  84).  In  the 
HC'Cond  place,  if  the  cry.^talliDO  isomeride  of  allylazoimide  were 
4-methyl  1  : 2  : 3-triazole,  it  might  be  expected  to  resemble  the  tri- 
azolono  described  by  Cui-tius  and  Thompson  {Bei\,  1906,  39,  4140) 
as  arising  from  diazoacet&mide  by  the  action  of  baryta : 

4-lfethyM  :2 : 8-triudIs.  6-Tiiiaoloiie. 

Kevertheless,  the  two  substanoes  are  distingnished  sharply  by  their 
behaviour  towards  very  dilute  acids^  which  forthwith  liberate  two- 
thirds  of  the  nitrogen  from  the  compound  under  discussion,  therein 
recalling  the  most  conspicuous  property  of  the  aliphatie  diaaoamino- 
derivatives. 

It  has  been  mentioned  that  the  transformed  allylazoimide  melts  at 
192°,  a  temperature  which  suggested  a  condition  of  polymerisation, 
and  the  elevation  of  boiling  point  in  chloroform  agrees  with  the 
formula  (OgHgNg)^.  This  observation  might  perhaps  invite  con- 
sideration of  such  complex  expresmons  as 

cHj-ch:ch-nh-k:n        p|-ch(cHs)-c-nh  K 

n:n-kh*ch:oh — 6h,     n  ^nh-c«oh(oh.)-n* 

or  the  possibility  of  polymerisation  being  due  to  change  in  valency 

on  the  part  of  nitrogen,  developing  the  structure 

CH.<^E£g>NHam<^51£g>cH,. 

but  it  seems  to  us  more  probable  that  the  case  under  consideration  is 
allied  to  that  of  c{y«{opentadiene»  which  has  been  shown  by  Kramer 
and  Spilker  (Jar.,  1896,  29,  $62)  to  undergo  polymerisation 
great  facility,  a  change  which  they  represent  as  follows : 

HC^ — rOH  HCfi  ^CH-CHj  -,CH 

HCI    ICH   ->  HC^CH-CH^/'CH 
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Having  in  mind  Thiele's  theory  of  partial  Taleney,  and  its  appliea- 
iion  to  ^yefopentadiene,  the  alternative : 

CH-CH  CH'CH 
II     >CH,   CH,<  II 
OH«CH  OH*OH 

naturally  nuggests  itself  for  the  polymerised  hydrocarbon,  but  the 
necessity  of  maintaining  tlio  diazoamino-structure  in  the  transformed 
allylazoimide  leads  us  to  prefer  the  expression 

NH  CH. 

n/\oh.ch/\n 

OH,  KH 

for  that  substance. 

ExPEaiMSNTAL.. 

The  interaction  of  sodium  azide  and  allyl  chloride  or  ioilido  wjis 
followed  undor  various  conditions  in  the  hope  of  improving  the 
unremunerative  yields  given  by  the  earlier  experiments,  but  we  have 
had  to  content  ourselves  with  interrupting  the  procefis  at  a  point  when 
the  mixture  of  allylazoimide,  its  degradation  products,  and  unchanged 
allyl  haloid  contains  the  maximum  of  triazo-hydrocarbon,  which  never 
exceeded  30  per  cent.  Allyl  chloride  is  more  profitable  than  the 
iodide^  not  only  on  account  of  initial  cost,  but  also  because  the  boiling 
•  point  is  below  that  of  allylasoimide. 

Fifty  grams  of  allyl  chloride  and  100  cc.  of  alcohol  were  heated 
under  reflux  on  the  water-bath  with  50  grams  of  sodium  azide  in 
150  cc.  of  water  during  two  hours,  when  nitrogen  began  to  escape  in 
small  quantities  from  the  faintly  yellow  liquid,  through  which  a  rapid 
current  of  steam  was  then  passed ;  the  distillate,  diluted  with  much 
water,  was  extracted  twice  with  ether,  and  the  solvent,  having  been 
washed  with  dilute  sulphuric  add  to  remove  the  basic  products  of 
transfotmation,  was  shaken  several  times  with  water  and  dried  with 
calcium  chloride.  On  fractionating  with  a  long  column  of  the  rod-and- 
disk  pattern,  the  temperature  rose  gradually  to  76°,  and  the  fraction 
passing  over  at  50 — 76°  gave,  when  twice  distilled,  a  material  which 
boiled  steadily  at  7G-5°  under  760  mm.  pressure.  Using  the  foregoing 
quantities,  the  yield  amounted  to  15  gram.s,  but  was  greatly  reduced 
by  further  diKtiliation,  each  repetition  diminishing  the  quantity  of 
nllylazoiiiiide  by  about  15  per  cent.,  owing  to  transforniation  into  the 
isonierido  and  its  products  of  change.  Althougli  seemingly  an 
individual  and  free  from  chlorine,  the  analysis,  for  which  wn  are 
indebted  to  Mr.  Kichmond,  gave  results  several  per  cent,  too  low,  and 
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thiB  must  be  aliributed  to  loss  of  nitrogen  in  tbe  form  of  bydraioio 
add : 

0*1544  gave  40*0  cc.  N,  at  20*5''  and  751  mm.,  along  witb  0*03371 
of  ammonia.   N  »30*4  as  gas,  15*4  as  NH, ;  total,  45*8. 

CgHjNj  requires  N=»50*6  per  cent. 

Allyliizoimide  is  a  mobile,  refractive  liquid,  liaving  specific  ^mvity 
0*924  compared  with  water  at  25°.  The  odour  is  allylaceous,  but  is 
less  powerful  and  much  sweeter  than  that  of  allyl  chloride,  more 
closely  resembling  that  of  chloroform,  whilst  the  vapour,  when  inhale<l, 
produces  the  characteristic  throbbing  sensation  at  the  l)ase  of  the 
forehead.  Concentrated  sulphuric  acid  decomposes  the  uzido  with 
vigour,  but  potash  does  not  liberate  gas,  although  stannous  chloride 
sets  free  nitrogen  i mined iatoly ;  tbe  vapour  of  allylazoimide  ejcplodes 
when  beated,  but  tbe  detonation  is  mild. 

9p'Dibromo-y-iriaz'>propan€f  OH,Br»CH  BrCH  ,*  N 

On  adding  a  solution  of  bromine  in  chloroform  to  a  mixture  of 
allyhuoimide  wilh  the  solvent,  the  calculated  amount  of  halogen  was 
decolorised  witbout  liberation  of  bydrogen  bromide;  after  fifteen 
minutes  at  zero,  the  liquid  was  washed  with  sodium  carbonate  and 
distilled  in  tteam,  which  separated  the  chloroform  from  tbe  dibromide. 
The  latter  was  dietitled  twice  under  5  mm.  pressure,  boiling  steadily 
at  87": 

0*3442  gave  29*55  c.c  N,at  18*7**  and  754  mm.,  along  with  0*01937 
of  ammonia.   N  «  9*95  as  gais  5*62  as  NH, ;  total  15*57. 

CjHjN^r.r.^  icquires       17*28  per  cent. 

Mr.  Richmond,  to  whom  we  owe  the  analysis,  reported  difficulty  in 
measuring  the  gas,  on  account  of  the  mercurous  bromide  proilucetl, 
and  it  is  probable  that  a  certain  proportion  of  the  nitrogen  is  lost  in 
this  way. 

Th4  DiazoatnittO'eompoiuid,  (CjU^N^),,  from  Mljflasoimidc. 

Although  a  fresbly-dietilled  specimen  of  ntlylasoimide  undergoes 
no  change  with  dilute  acids,  the  substance  acquires  in  the  course  of  a 
few  hours  tbe  property  of  effervescing  when  mixed  even  with  acetic 
add.  The  change  on  which  this  alteration  of  character  depends  is 
accelerated  by  warming  the  substance  to  about  50 and  after  one  or 
more  <lay.s,  according  to  circumstjinces,  the  liquid  de{X)>itKS  large, 
lustrouH,  transparent  crystals,  llecrystallisation  from  benzene  was 
first  attempted,  ono  j^'nim  requirin«;  about  lUO  c.c.  of  the  boiling  solvent, 
but  loss  of  material  occurred,  and  i\w  crystals  depo:*it.ed  on  cooling, 
although  colourless,  were  found  to  i*etaia  a  basic  odour  ;  purification 
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was  effected  by  disBolWng  one  gram  in  80  ce.  of  boiling  chloroform  to 
whiob  60  c*c.  of  peirolenm  (b.  p.  60 — 80^)  were  then  added.  Snow- 
white,  odourless  plates  were  thus  obtained,  melting  sharply  and 
decomposing  at  1 92** : 

01846  gave  0-2955  CO,^  and  0  1045  H^O.    C  - 43-65  ;  H«6*33. 
0  1143         49  3  c.c.      at  16'' and  767  mm.  N=51'42. 

CjHjNg  requires  0  =  43  37  ;  H  =  6  01  ;  N  =  50-62  per  cent. 

The  analyses  were  somewhat  complicated  by  the  syf?tomatic 
a]^pe;ir mce  of  nitrous  fumes,  but  Mr.  Kichmoiid  has  confirmed  the 
nitiogen  percentage  by  his  method  : 

0*0689  gave  201  c.c.  N..  at  157''  and  746  mm.,  along  with  0  01138 
of  ammonia.   N «-  33*76  as  gas,  16*62  as  NH, ;  total,  60*28« 

The  diaxoamino-compound  dissolves  more  readily  in  acetone  and  in 
chloroform  than  in  beniene^  bat  it  is  sparingly  solttble  in  ethyt 
acetate  and  insoluble  in  petroleum.  Estimation  of  molecular  weight 
based  on  the  bmling  |)oint  of  chloroform  solutions  gave  172  and  170, 
the  formula  (OgHjNg)^  requiring  166.  Hot  alcohol  and  boiling  water 
decompose  the  substance  slowly,  although  definite  products  could  not 
be  obtained ;  the  decomposition  by  dilute  acids  proceeds  in  a  manner 
analogous  to  that  in  which  the  aliphatic  diasoaminO'Compounds 
described  by  Dimroth  are  degraded,  two-thirds  of  the  nitrogea  being 
set  free  : 

0'1176  gave  34  6  c.c.  No  at  19*^  and  748  mm.  when  treated  with 
6  per  cent,  hydrochloric  acid.    N  =  33  85. 

CjHjNj  requires  2/3N  =  33*75  \mv  cent. 

Several  attempts  have  been  made  to  isolate  from  the  bright  red 
solution  definite  products  of  this  change,  but  the  small  quantity  of 
mati^rial  at  our  disposal  has  prevented  a  conclusion  from  being 
reached.  The  liquid  reduced  cold  Fehling's  solution  and  ammoniaoal 
silver  oxide  immediately,  the  original  compound  being  Indifferent  to 
these  agents,  but  on  evaporation  the  reducing  properties  disappeared, 
and  the  platinichloride  prepared  from  the  residue  was  found  to  be 
that  of  ammonium.  As  might  be  expected  from  these  indications  of 
its  sensitive  charscter,  the  product  of  decomposing  the  diasoamino- 
compound  with  adds  did  not  form  a  stable  salt  with  platinum  tetra- 
chloride, the  yellow  precipitate  from  which  quickly  became  dark  brown. 

The  power  to  combine  with  phenylcarbimide,  usually  possessed  by 
diaxoamino-compounds  of  thb  cUss,  is  not  dis[)layed  by  the  trans* 
formed  allylaioimide,  which  was  heated  with  the  agent  during  twenty- 
four  hours.  Furthermore,  alcoholic  ammoniacal  silver  oxide  did  not 
give  an  insoluble  derivative. 

l^YAL  UOLLKGE  OF  SoiKNCE,  LuNDON, 
SOUTU  K£Ii;^IN0T0N,  S.W. 

Digitized  by  Google 


1180 


P711AN  AND  REYNOLDS 


CXV. — Ai*amatic  Arsonic  and  Arsinic  Acids. 

By  ¥rahk  Leb  Fyuan  and  William  Colebbook  Ketnoli>s. 

Fob  some  time  past  we  liave  been  engaged  in  the  preparatien  of  arjl 
derivatives  of  arsenic,  and^  as  two  recent  pnUications  (0.  and  B.  Adier, 
iTor.,  1908^  41,  931 ;  Benda  and  Eahn,  Ar.,  1908,  41,  1672)  show 
that  there  are  other  ofaemists  covering  aomewhat  the  same  ground,  we 
have  deemed  it  advisable  to  publish  our  results  so  far  as  thej  hate 
proceeded. 

We  had  prepared  2-aminotoljl-5-srsonic  acid  and  its  acetyl  derivative 
some  months  ago,  and  these  snbstances  together  with  sodium  |^«mino- 
phenylarsonate  have  been  tested  physiologically  and  clinically. 
Shrlich  had  shown  that  the  toxicity  of  sodinm  />-acetyhuninophenyl* 
arsenate  is  considerably  less  than  that  of  sodium  ^aminophenylarsonate, 
and  the  same  relationship  has  now  been  found  between  the  corre- 
spondinnf  toluidine  derivatives;  sodium  2-aminotolyl-5-arsonate  has 
about  the  s  une  toxicity  as  sodium  ^  amiuoplienylarsonate,  whilst  that 
of  sodium  2-acetylaminotolyl-5-arsonate  is  very  considerably  less. 
These  sub.stances  hive  been  specially  intended  for  use  in  trypano- 
somiasis (sleeping  sickness),  and  experiments  on  their  effect  on  different 
strains  of  trypanosomes  have  shown  that,  whilst  certain  strains  were 
destroyed  by  the  treatment,  others  were  more  resistant.  In  the 
treatment  of  syphilis,  however,  these  substances  have  proved  especially 
cflicarious,  and  the  results  obtained  in  this  connexion  are  exceedingly 
promi>ing.  Since  O.  and  R.  Adler  and  Benda  and  Kahn  (loc.  ciL) 
have  already  published  the  method  of  preparation  and  physical 
properties  of  these  substaoceSi  we  need  only  state  that  wa  confirm 
their  results,  and  supplement  them  by  recording  the  stat )  of  hydration 
of  the  sodium  salts,  this  Utter  being  important  from  the  point  of  viev 
of  their  use  in  medicine. 

Xo  the  preparation  of  j9-aminophenyIarsonic  acid  and  24uninotoIyl> 
6-arsonic  acid,  we  have  obtained  as  by-products  the  corrseponding 
bisaminoaryUursinic  adds,  which  have  been  briefly  alluded  to  by 
Benda  and  Eahn  (2oo.  eU,\  hnt,  as  these  have  been  in  our  hands  for 
some  time  past,  we  give  in  this  communication  a  full  description 
of  their  preparaUon  and  properties.  The  oonstitution  of  theee 
substances  has  been  proved  by  replacing  the  arsenic  acid  residue  by 
iodine  according  to  the  method  used  by  Ehrlich  and  Bertheim  (Aw., 
1907,  40,  3293)  forp-aminophenylarsonic  acid. 

The  ardnic  adds  are  now  being  investigated  clinically  with  a  view 
to  their  possible  use  in  trypanosomiasis  and  syphilis,  but  the  results  are 
as  yet  not  sufficiently  conclusive* 

Digitized  by  Google 


AROMATIC  ABSONIC  AND  ABSINIC  ACIDS. 


1181 


£XPS&IMKNTAL. 

2'Ainiiiotol7l-5-ar80iuo  acid  U  stated  by  Benda  and  Kahn  (hc.cU,) 
to  melt  at  196"*;  we  have  found  the  melting  point  198—200°.  The 
oonetitation  of  this  add  was  readily  ehown  by  boiling  it  with  dilate 
sulphuric  add  and  potassium  iodide,  when  a  good  yield  of  S-iodo-o- 
toluidioe  melting  at  80 — 85°  was  obtaioed.  After  recrystallisatioc, 
this  iodo-oompound  melted  at  85°  and  its  acetyl  derivative  at  1 68°  and 
both  substances  melted  at  the  same  temperatures  when  mixed  with  the 
pure  substances  prepared  from  aceto-o-toluidide. 

Sodium  2-a)iiiuotolyl'b'arsonais  is  obtained  in  glistening,  tabular 
crystals  containing  three  and  a-half  molecular  proportions  of  water 
of  crystallisation  by  mixing  a  highly  concentrated  aqueous  solution 
with  three  times  its  volume  of  alcohol.  "When  crystallised  from 
water,  however,  in  separates  with  five  molecules  of  water  of  crystal- 
lisation : 

0*4540  air  dried  salt  (from  alcohol)  lost  0*0890  H,0  at  130^. 

H^0=  19-6. 

GyH^O^NAaNa,  Z^Efi  requires  HjO»  19-9  per  cent. 

0-4217  airdried  salt  (from  water)  loet  0*1129  H,0  at  130°. 
HgO  -  26-8 

C7Hg03NA8Na,5H,0  re:|uires  Ufi^  26*2  per  cent. 

Sodium  2-nceti/laminotol  1/1-5  ar 80 /late  separates  from  60  per  cent, 
acjueous  alcohol  in  glistening,  tabular  crystals,  which  contain  five 
molecules  of  water  of  crystallisation.  It  crystallises  from  water, 
howevor,  with  seven  molecules  of  water  of  crystallisation  : 

0*4774  air  dried  salt  (from  alcohol)  lost  0*1102  H^O  at  100°. 

H20  =  231. 

O^HuO^NAsNa^dHp  requires  H,Os23-4  per  cent. 

0*5210  airdried  salt  (from  water)  lost  0*1560  H^O  at  100° 
H,0-29*9. 

CjHjiO^NA8Na,7H,0  requires  HjO  =  29  9  per  cent. 

FrepanUion  of  £i§'2^minaioli^-6'arnnie  Aeid^ 

NH,<^^— As-<^^^NHy 
CHj        OH  OH, 

Two  hundred  grams  of  air-dried  o-toluidine  arsenate  and  400  grams 
of  o-toluidine  were  heated  over  a  free  flame  with  constant  shakiog 
until  the  mixture  became  fl  iid,  and  then  gently  boiled  under  a  reflux 
condenser  for  one  hour,  the  beat  being  regulated  so  that  a  thermo- 
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meter  immeraed  in  the  liquid  registered  180 — 186**,  The  mixture 
im  allowed  to  oool,  and  extraeted  with  a  10  per  oent.  solntioo  of 

dBodium  carbonate  as  long  as  efferresoenoe  occurred.  The  aqueous 
solution  was  then  evaporated  until  crystaUisation  commenced,  and 
Allowed  to  cool.  The  lir.st  crop  of  sodium  2  arainotolyl-5-arsoiji;ite 
xvvas  then  separated,  well  washed  with  alcohol,  and  set  aside ;  the 
Diothor  liquor  and  alcoholic  washings  were  combined  and  evaj)orAted 
ito  a  thick  syrup,  and  this  was  mixed  with  several  times  its  volume  of 
Alcohol.  A  second  crop  of  sodium  2  aminotoIyl-S-arsonate  was  thus 
jpreci  pita  ted,  and  this  wiis  also  separated,  washed  with  alcohol,  and 
dset  aside.  The  final  mother  liquors,  together  with  the  alcoholic 
\washing8,  on  evaporation  to  remove  the  alcohol  and  subsequent 
jjirecipitation  by  hydrochloric  acid  gave  15  grams  of  a  purple  t;ir ; 
ithis  was  dissolved  in  aqueous  sodium  hydroxide,  evaporated  to  a 
.-smaU  bulky  and  allowed  to  cool,  when  a  quantity  of  large,  prismatic 
meedlee  separated  from  the  deep>red  liquor.  Thete  were  purified  by 
sseveral  crystallisations  from  water,  and  proved  to  be  sodium  dt#*2* 
iiminotolyl-b'arsiwUe.  The  quantity  of  salt  actually  isolated  in  a 
]pure  state  amounted  to  6  grams,  which  represents  3  per  oent.  of  the 
itheoretioal,  but  a  considerable  quantity,  possibly  as  much  again, 
iremained  in  the  deep-red,  syrupy  mother  liquors 

^•^S-omsfiofo^y^S-arnmtf  add  is  obtaiued  by  adding  the  calculated 
(quantity  of  a  mineral  acid  to  the  solution  of  its  sodium  salt.  On 
•crystallisation  from  boiling  water,  it  forms  highly  refracting,  pointed* 
imicrosoopic  needles,  which  melt  and  decompose  at  247 — 249^.  It  is 
{practically  insoluble  in  cold  water' and  the  usual  organic  solvents,  but 
fairly  easily  soluble  in  glacial  acetic  acid.  It  is  readily  soluble  in 
idilute  alkalis  or  mineral  adds : 

0  1724  gave  0  3332  00,  and  0  0840  11,0.    0  =  52  7  ;  H-«5'6. 
0  0726    „    5-5  c.c.      at  21°  and  763"  mm. 
0,4H|yO^NsAs  requires  0-62-5 ;  U»5-4 ;  N»8*7  per  cent 

The  acid  gave  a  good  yiehi  of  5-iodo-o-toluidino  (m.  p.  80 — 85' ) 
when  boiled  with  dilute  sulphuric  acid  aud  potassium  iodide.  After 
recrystallisatiou,  this  iodo  compound  melted  at  BS*^  and  its  acetyl 
derivative  at  168°,  and  both  substances  melted  at  the  same  tem- 
peratures when  mixed  with  the  pure  substances  prepared  from  aceto-o- 
toluidide. 

«  The  sodium  salt,  which  separates  from  its  aqueous  solution  in 
large,  hard,  prismatic  needles,  melts  in  its  water  of  crystaUisation  at 
74—75°  and  on  further  heating  loses  water,  re>solidifiet«,  and  doea 
not  then  melt  at  250"^.  It  dissolves  in  .one  and  a-balf  times  its 
weight  of  water  at  10°,  giving  an  alkaline  solution,  and  is  YCcy  easily 
soluble  ill  alcohol.   It  oontaius  »y!e^  an4  a-half  molecular  |ivoportioiia 
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of  water  of  crystallisatioD,  of  wluch  five  are  lost  at  100^  and  the 
remainder  at  130^ : 

0-3878  air-dried  salt  lost 0  07 18  II/)  at  100°     H.p=18  5. 

0-3878       „       „  ^  „  0  1098  II/)  „  130°     H,,0  =  28-3. 
C,4H,^0.,N._,fVsNa,7;H*,0  losing'  511,0  requires  H./J=  18-9  por  cent. 
Ci^Uj^OjNjAsNaJiUjO   „    7^Hj,0      „      H,0«28  3  „ 

Bi9'2'aceiylamiaotolyl-6'arsiaio  AciJ, 

O  _ 

CH,^00-Nh/~\  -  A8-<^^NH'00-CH^|H,0. 

Clig^  OH  CH3 

Twenty  grains  of  bis-2-aa]inotolyI-5-arsiDic  acid  were  mixed  with 
60  grams  of  acetic  anhydride  and  allowed  to  stand.  After  a  few 
minutes,  a  violent  reaction  took  plaee^  resulting  in  a  clear  solution. 
The  Hqui<I  was  poured  into  250  c.c  of  water,  and,  on  scratching, 
12  grams  of  white  crystals  separated.  A  seeond  crop  of  6  grams 
was  obtained  by  evaporation  of  the  mother  liquor;  the  total  yield, 
18  grams,  represents  71  per  cent,  of  the  theoretical. 

i?w-2-ace^yfomtiiolol|y/-5-ar<mfe  oM  crystalltses  from  boiling  water 
in  highly  refracting,  micmcopic  prisms  and  melts  at  242— 24i^  It 
is  practically  insoluble  in  cold  water  and  the  usual  organic  solvents, 
but  fairly  easily  soluble  in  glacial  acetic  add.  It  is  readily  soluble 
in  dilute  alkalis,  but  is  insoluble  in  dilute  acids.  The  acid  separates 
from  aqueous  solutions  with  two-thirds  of  a  molecular  proportion  of 
water  of  crystallisation : 

01G5G  aii-diiod  salt  gave  O  ^UbCOj  and  0-0772  HjO.    C  =  51-8; 
H  =  5-2. 

0-4180  ail-dried  salt  lost  0  0124  H^O  at  150°.    H.p  =  3  0. 
0  1898  dried  at  150"  gave  0  3698  CO^  and  0  0908  H,0.    C  =  53-l  ; 
H  =  5  4. 

C\8lI,i04N.^As,5ll._,()  requires  C-51-9;  H-5-4  ;  H.,0  =  2-9  percent. 
C,jjll2jO^N.^A.s  requires  C  —  53'4;  jijL  =  5-2  per  cent. 
The  sthlium  salt  crystallises  from  water  in  radial  clusters  of  silky 
needles;  it  melts  in  its  water  of  crystallisation  at  106  — 107,  and  on 
further  heating  resolidifies  and  does  not  then  melt  at  250^.  It  dis- 
solves  in  twice  its  weight  of  water  at  giving  an  alkaline  solution, 
and  is  very  easily  soluble  in  alcohol.  It  contains  six  molecules  of 
water  of  crystallisation : 

0  1943  air  dried  salt  lost  0  0393  H,0  at  150°.    H^O  »  20*2. 
C,sH|o04N,A«Na,6H,0  reqoirea  H,O"20'2  per  cent. 
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Bii'^mninopkmiylarmnie  aeidt  - 
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This  add  rwalto  m  a  by-product  in  the  pffeparatios  of  ;^«iiiiiio- 
pbenylanonic  add  by  Bediamp's  method  (CompC  iwidL,  1863,  56, 
1173).  It  is  most  nadOy  isolated  in  the  following  manner.  The 
product  obtained  by  heating  aniline  anenate  with  ezoees  of  aniline 
at  18(P  is  eztraeted  with  10  per  cent  sodium  carbonate  solution, 
the  aqueous  solution  conoentmted,  and  completely  precipitated  by 
hydrochloric  add.  The  predpitate  is  then  digested  with  just  sui&dent 
aqueoas  sodium  hydroxide  to  give  a  faintly  alkaline  solution  and 
filtered  from  the  undissolved  matter,  which  consists  of  (he  crude 
arsiiiic  acid.  The  latter  is  then  converted  into  the  huriiun  s:ilt,  nnd 
this  is  crystallised  several  times  froTQ  water,  using  aiuiu  il  charccKil, 
until  colourless.  The  pure  barium  salt  is  dissolved  in  water  and 
mixed  with  the  calculated  quantity  of  hydrochloric  acid,  when  the 
arsinic  acid  is  obtained  as  a  dense,  white  precipitate  of  matted  iieetiles. 
The  yield  amounts  to  about  2 — 3  f>er  cent,  of  the  theoretical. 

Bia-p-amtnopfisnj/larsinic  acid  melts  and  decomposes  at  248 — 24 9^ 
It  is  very  sparingly  soluble  in  water  and  the  usiial  organic  solvents, 
moderately  so  in  glacial  acetic  acid,  and  readily  so  in  dilute  alkalis 
and  acids ; 

0-1358  ga^e  0*3440  €X),  and  0-0534  H^O.   C  »  49-0 ;  H  »  4-4. 
C^gHigOsNjAs  requires  0»49*3 ;  H«>4*5  per  cent. 

The  acid  gave  a  good  yield  of  /7-iodoaniline  (uL  p.  62 — 63^)  when 
boiled  with  sulphuric  acid  and  potasdum  iodide. 

The  sodium  salt  dystallises  from  water  in  large,  monoclinic  plates, 
and  melts  in  its  water  of  crystallisation  at  83^,  after  sintering  from 
75®  onwards.  On  further  heating,  it  loses  water,  resolidifies,  and  does 
not  then  mdt  at  250^;  it  is  soluble  in  an  equal  weight  of  water, 
giving  an  alkaline  solution,  and  is  Tory  soluble  in  aloohol.  It  oontatns 
a  slightly  variable  amount  of  water  of  ei-ystallisation,  the  figures 
obtained  on  analyds  lying  between  those  required  for  five  and  six 
molecular  proportions: 

0-3979  airniried  salt  lost  0  0928  HjO  at  120°.  H,0-23'3. 
0-2450  „  „  „  0  0501  H.p  „  120^.  H20  =  241. 
0-2492       „  0-061G  H.,0  „  120".    1^0  =  24-7. 

C|jH,.^0.,N2AHXa,5H20  requires  1120  =  22-3  |)er  cent. 

Ci,H,jiOiN,A8Na,6H,0      „      H,0«26-6     „  ' 

Digitized  by  Google 


AROMATIC  ARSONIC  AND  ARSlNiC  ACIDS.  1185 

The  barium  salt,  which  crystallises  from  water  in  large,  hard 

prisms,  contains  seven  and  a-hiilf  molecular  proportions  of  water  of 
crystallisation ;  it  is  soluble  in  twice  its  weight  of  col<l  water,  giving 
an  alkaline  solution,  and  is  vsparingly  soluble  in  alcohol : 

0-2562  air-dried  salt  lost  0  0404  HjO  at  180°    H^O  =  16-8* 
(C|^i,0^2A8)^Ba,7|H30  requires  HsO-t  16-8  per  cent. 

ms-p'Ocelylaminophisnylarnnie  Acid^ 
O 

CH,-CX)*Nh/~^— As— 

This  add  is  obteined  in  an  almost  quantitative  yield  by  the  aetion 
of  acetic  anhydride  on  bia^Huninophenylaranic  add.  It  oryataUises 
from  water  in  rosettes  of  needles,  and  melts  at  275^.  It  is  wy 
sparingly  soluble  in  the  usual  organic  solvents  or  cold  water, 
readily  so  in  boiling  water,  and  moderately  so  in  glacial  acetic 
acid.  It  separates  from  aqueous  solution  with  three  molecules  of 
water  of  erystallisation : 

0-2532  air-dried  salt  lost  0-0312  H ,0  at  120°.    HjO«  12-3. 
0-1860  dried  at  120°  gave  0*3484  CO,  and  0*0740  H,0.    C»51*l ; 
H  =  4-5. 

CigH,704N3A8,3H,0  requires  HjO- 12-6  per  cent 
CicHiyO^N^As  requires  0  »  51*1 ;  H  -  4-6  „ 

The  9odium  salty  which  separates  from  water  in  prismatic  needles, 
melts  at  about  50^  in  its  water  of  crystallisation*  and  on  further 
heating  loses  water,  resolidifies,  and  does  not  then  melt  at  250^.  It 

is  soluble  in  an  equal  weight  of  cold  water,  giving  an  alkaline  solution, 
and  is  readily  soluble  in  alcohol.  It  contains  nine  molecules  of  water 
of  crystallisation  : 

0-3112  air-dried  salt  lost  0  0908  Ufi  at  140°  H,0-29-2. 
0„HieO4NsAsNa,9H,O  requires  H^Oa  28-9  per  cent. 

Tax  WSLLOOMB  CBKMIOAIt  WOBXfl, 

Dabtvobd^  Kmrr. 
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CXVI. — I%e  Electrolytic  Oxidation  <^  Sonie  Hydroxy- 
benzoic  Acids, 

Bj  Abthob  GflOBOB  PsBsnr  and  Fsbdbriok  Mollvo  Fbuun. 

It  has  been  previously  shown  that  when  gallic  acid  (Trans.,  1903, 
83,  199)  is  oxidised  by  means  of  potassium  ferricyanide  in  presence  of 
flodium  acetate,  a  compound  is  formed  which,  judging  from  its  analogy 
to  purpiirogallin,  is  probably  purpurogallinoarl>oxylic  acid.  Unfor- 
tunately, the  amount  of  product  so  obtained  was  far  too  meagre  to 
admit  of  any  extended  investigation,  but,  as  it  was  subsequently 
ascertained  that  pui  piirooallin  itself  can  be  very  conveniently  prepared 
by  the  electrolytic  oxidation  of  pyrogallol  under  certain  circumstances 
(Trans.,  1904,  85,  243),  a  study  of  the  behaviour  of  gallic  acid  in  thi.^ 
respect  was  also  instituted.  As  a  result,  considerably  larger  yields  of 
purpurogallincarbozylic  acid  wave  obtainad,and  by  a  further  investiga< 
tion  of  the  process  a  still  greater  improrament  in  this  respect  has  been 
effected.  The  main  results  of  this  work  have  been  completed  for  some 
time,  but  their  communication  has  been  delayed  in  the  hope  that  the 
constitution  of  purpurogalliu  itself  would  have  been  elucidated.  An 
important  point  in  this  respect  has  been  the  fact  that  the  first 
product  of  the  oxidation  is  probably  the  compound  C^H^Og  (Trans*, 
1906,  89,  803),  which  appears  to  be  a  hydrozj-o-bensoqninone  and 
is  obtained  by  the  aetton  of  amyl  nitrite  on  an  alcoholic  solution  of 
pyrogallol,  for  this  in  boiling  aqoeous  eolation  is  partly  converted  into 
purpurogallin.  A  preliminary  account  of  the  farther  study  of  the 
colooring  matter  itself  has  been  given  (Proc,  1905,  21,  212),  bat  the 
oontinuation  of  the  investigation  was  postponed  until  other  work  of  a 
more  pressing  diaracter  had  been  completed.  The  inveatigation  has 
now  been  undertaken  afresh^  but^  as  some  time  may  elapse  before 
results  of  special  interest  accumulate^  it  seemed  advisable  to  communi- 
cate to  the  Society  the  points  enumerated  in  the  following  pages. 

Xleetrolpiie  Oaidaiion  of  Qallie  Add, 

1.  EUctrolyU : — Sodium  StdpfuUe. 

The  first  experiments  were  made  under  praotica)ly  similar  oon^ 
ditions  to  those  which  had  giv«i  the  most  satisfactory  results  in  the 
electrolytic  oxidation  of  pyrogallol.  The  gallic  acid  was  dissolved  in 
a  15  per  cent,  solution  of  sodium  sulphate  slightly  acidified  with 
sulphuric  acid,  but,  owing  to  its  sparing  solubility,  only  com- 
paratively dilute  solutions  could  be  used.   Twenty  grams  of  gaUie 
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acid  were  dissolved  in  1  litre  of  15  per  cent,  sodium  sulphate  solution, 
nnd  then  5  c.c.  of  4iV-salphuric  acid  were  added.  In  order  to  obtain 
solution,  it  was  found  necessary  to  grind  up  the  gallic  acid  into  a  thin 
cream  with  water,  and  to  add  this  to  the  sodium  sulphate  solution. 
The  mixture  was  then  agitated  by  means  of  a  glass  stirrer  until  the 
gallio  aeid  had  completely  dissolved,  the  sulphuric  acid  was  then  added, 
and  the  solution  electrolysed.  As  anodes  two  pieoes  of  sheet  platinum 
having  each  a  surface  of  760  sq.  cm.  were  used,  the  total  anode  surface 
being  therefore  1*5  sq.  dom.  The  cathode  consisted  of  a  lead  paddle 
with  a  surface  of  0*0  sq.  dcm.,  which  during  the  electsolysis  was 
rotated  by  means  of  a  small  electromotor.  It  should  be  mentioned 
here  that  preliminary  experiments  had  shown  that  the  best  results 
were  obtained  when  the  anode  and  cathode  compartment  were  not 
separated.  In  order  to  prevent  rise  of  temperature,  the  eleettoIyeiDg 
vessel  was  placed  in  an  outer  vessel  through  which  cold  water  was  circu- 
lated. A  current  of  4  amperes  was  passed  for  seven  hours,  the  E.M.F. 
being  7  volts.  When  the  action  commeiuod,  tlie  .solution  became 
yellow,  but  this  gradually  darkened,  and  at  the  end  of  fifteen  minutes 
an  almost  black  liquid  had  been  produced. 

After  the  electrolysis  was  finished,  the  mixture  was  allowed  to  stand 
overnight,  when  a  fiiio  black  precipitate  had  settled  to  the  bottom  of 
the  ve.s.sel.  The  precipitate  was  colIecte<l,  ropr-atedly  washed  with  coUl 
water  until  the  wash-water  was  colourless,  and  drained  on  a  porous  tile. 
The  average  yield  of  tlic  pioduct  was  34  percent,  of  the  gallic  acid  em- 
ployed. This  method  of  procedure  gives  the  free  acid.  It  was  afterwards 
found,  however,  that  better  results  were  obtained  whon  .sodium  Jicotate 
was  employed,  the  sparingly  soluble  sodium  salt  of  the  acid  being  thu» 
produced.  Experiments  were  also  tried  with  potassium,  calcium, 
ammonium,  and  magnesium  acetates,  but  the  yields  were  in  no  case  so 
good  as  when  sodium  acetate  was  employed,  and  the  product  was  not 
so  pure. 

2.  EUdroli/le  : — Sodium  Acetate. 

Thirty  grams  of  gallic  acid  were  ground  into  a  paste  with  a  16  per 
cent  solution  of  sodium  acetate.  The  paste  was  then  poured  into 
800  CO.  of  the  same  solution,  well  stirred,  and  the  clear  liquid 
electrolysed  with  the  same  electrodes  as  those  mentioned  above. 
The  solution  became  yellow  on  the  passage  of  the  carrent»  but 
gradually  darkened,  and  finally  assumed  a  brownish-black  tint.  The 
current  employed  was  2*5 — 3  amperes  with  an  B.M.F.  of  5—6  volts, 
and  the  electrolysis  was  continued  for  about  eight  hours.  After  standing 
overnight,  the  precipitate  was  collected,  washed  with  cold  water,  and 
finally  with  alcohol.  The  yield  varied  between  30  and  40  per  cent,  of 
the  gallic  add  taken. 
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The  prodnot  of  ozidatioii  consisted  of  an  oimDge-brown,  crystaUiiie 
powder,  whidi,  under  tbe  mioroscope,  was  seen  to  consist  of  tUn  plates 
or  leaflets*  and  was  evidentlj  a  sodinm  sslt^  An  analysis  of  the  sub- 
stance,  dried  at  16(P,  indicated  that  it  Is  an  almost  pore  dodium 

purpurogallincarboxi/late. 
Found:  Na=7  85. 

CijH^O^Na  requires  Na  =  8*04  per  cent. 

A  determination  of  the  water  of  crygtalliaation  found  to  be  present 
in  this  preparation  was  made  at  160°  on  a  sample  which  had  been 
dried  in  the  air  for  seToral  days.  The  analysis  showed  it  to  contain 
4H,0: 

Foond:  H|0«  20-05. 

0|,Hy<\Na,4H|0  requires  H^O-  20*11  per  cent. 

In  the  anhydrous  oonditiony  this  substance  is  hygroscopic,  and,  on 
standing  oi-miight,  regained  one  molecule  of  water : 

Found:  H,O  =  5  00. 

Theory  requires  HjO  =  5'92  per  cent. 

SodiuinpurpurogaUincoirboxylate  is  sparingly  soluble  in  boiling  water, 
and  from  a  concentrated  solution  is  deposited  on  cooling  in  microscopic 
needles,  which  contain  no  water  of  crystallisation.  When  digested 
with  a  boiling  aqueous  solution  of  potassium  achate*  the  filtered  liquid, 
on  cooling,  deposits  the  pokmnum  salt  in  prismatie  needles,  dossly 
resembling  pwpurogsllin  itsslf .  An  analysis  of  this  compound,  dried 
at  160^,  gave : 

Found:  K«  12*06. 

Cj^H^O^K  requires       12*91  per  cent. 

The  air-dried  substance,  heated  to  160^,  loses  three  molecules  of 

water  of  crystallisation  : 

Found:  H20=1516,  15'37. 

C^,Hy07K,3HjO  requires  HjO- 1617  per  cent. 

A  boiling  aqueous  solution  of  potassium  purpurogallincarbozylate, 
on  cautious  treatment  with  barium  chloride^  deposits  minute^ 
orange-ied,  prismatic  needles,  which  connst  of  the  corresponding 
barium  salt,  almost  insolable  in  water.  When  dried  at  ICO**,  it  gave : 

Found:  Ba- 20*96. 

(0,sH707)2Ba  requirse  Ba  1^20*66  per  cent 

When  thene  salts  are  decomposed  with  boiling  dilute  hydrochloric 
acid,  purj'urayallijicarboxylic  (Ktd  is  obtained  as  a  semi-geljitiuous 
precipitate,  which,  after  dryinp,  is  but  sparingly  soluble  in  any  of  the 
usual  solvents.  From  nitrobenzene,  it  is  deposited  as  small,  orange' 
coloured  needlo^:,  but,  as  a  very  large  amount  of  the  solvent  would  be 
neoeaaaiy  for  the  preparation  of  even  a^  gram  in  this  condition,  a 
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simpler  method  of  purification  was  desirable.  The  difficulty  was  over* 
oome  by  employing  the  omde  add  recently  precipitated  from  its  sodium 
Mdt  in  the  moist  condition,  as  this  dissolved  somewhat  readily  in  boUing 
alcohol.  On  partly  evaporating  the  solution,  crystals  separated  on 
cooling,  which  were  collected  while  the  mixture  was  still  warm  and 
washed  with  dilute  alcohoL  A  chemically  pure  product  could  thus  be 
usually  obtained  in  one  such  operation,  but,  if  further  purification  was 
necessary,  the  product  was  again  rendered  soluble  in  alcohol  by  repre- 
cipitation  and  crystallised  in  a  similar  manner : 

JFound;  C  =  54-37;  H  =  3'24. 

C^HgO;  requires  C»  54*54 ;  H»d'Od  per  cent. 

Purpurogallincarboxylic  add  usually  crystallises  in  minute,  orange- 
yellow  leaflets,  which  are  devoid  of  water  of  crystallisation,  does  not 
melt  below  300^,  and  on  strong  heating  yields  a  trace  of  a  crystalline 
sublimate,  apparently  consisting  of  the  unchanged  acid.  Occasionally 
the  acid  is  deposited  from  dilute  alcohol  in  needles,  and  it  is  pf>.ssib!e 
that  in  this  variety,  although  but  rarely  obtained,  water  of  crystalHssa- 
tion  is  present.  As  previously  stated,  tins  compound  (Trans.,  1903, 
83,  200)  gives  with  alkaline  solutions  tlie  characteristic  colour  reactions 
of  purpurogallin  itself,  and,  moreover,  possesses  stron«^  mordant  dyeing 
proj)erties,  which  closely  resemble  tho^?e  given  by  the  s;ime  colouring 
matter.  Further  attempts  to  prepart;  tlu;  acetyl  derivative  in  a  pnro 
condition  liave  been  unsuccessful,  the  product  liitherto  obtained  being, 
curiously  enough,  too  soluV)le  to  admit  of  crystallisation. 

It  is  readily  attacked  by  bromine  in  the  presence  of  acetic  acid  or 
alooholy  but  no  sparingly  soluble  derivative  of  the  nature  of  dibromo- 
purpurogallin  is  thus  formed.  Up  to  the  present  a  definite  pi^duct  of 
the  reaction  has  not  been  isolated,  but,  ns  apparently  in  this  manner  both 
substitution  and  decoulposition  simultaneously  occur,  the  reaction  will 
be  studied  with  a  larger  quantity  of  material,  when  this  is  available. 

Mttkffl  FurpwroffoUinearboxi/late  Tetrarnethyl  Mih$r^ 

OiiH,0(OMe)4*CO,Me. 
— ^Purpurogallinoarbozylio  acid,  or  the  crade  sodium  salt,  electro- 
lytically  prepared  and  suspended  in  methyl  alcohol,  was  treated  with 
equivalent  quantities  of  methyl  sulphate  and  concentrated  potassium 
hydroxide  solution  until  a  final  addition  of  the  latter  did  not  produce 
a  change  of  coloration.  The  methylation  did  not  proceed  readily,  a 
Teiy  large  excess  of  the  reagents  being  necessary  for  its  completion, 
reminding  one  of  the  behaviour  of  aliiarin  in  similar  drcum- 
stances.  The  product  was  poured  into  ether,  the  ethereal  liquid  well 
washed  with  dilute  alkali,  evaporated,  and  the  residue  purified  by 
crystallisation  from  alcohol.  The  yield  was  approximately  26  per 
cent. : 

VOL.  XCIII.  4  K 
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Found:  O-61-08;  H-6-70;  CH,-21-91. 
0|^H„0^  nqvures  Oi- 61-07 ;  H«6-39 ;  CH,«  22*46  per  cent. 

It  eomisto  of  very  palo  yoUow,  almoBt  oolourleea  needles,  meltiog 
at  120 — 121°  sparingly  soluble  in  aloohol,  and  resembling  purpuro- 
gallin  ttttrametbyl  ether. 

To  determine  if  this  compound  was  an  ester,  it  was  digested  with 
boiling  dilute  alcoholic  potash  for  a  tew  minutes.  Addition  of  water 
did  not  causo  tlio  separution  of  a  precipitate,  and  the  clear  liquid 
was  iiuutralised  with  acid.  On  cooling,  line  needles  separatijd,  which 
were  collected  and  recrystallised  from  dilute  alcohol : 

Found:  C-59-93;  H  =  5-12;  CH8=  18-40. 
^«^i6^7  requires  C  =  60  00  ;  H  =  5*00 ;  CHg  =  18-75  per  cent. 

Purpurogallincarboxt/lic  acid  tetram/tUiyl  tther,  CjjHjO(OMe)^'COjH, 
consists  of  small,  faintly-yellow  needles,  melting  at  182 — 183", 
readily  soluble  in  alcohol,  and  more  sparingly  so  in  bensene^  from 
which  it  crystallises  in  minute  needlea 

FurpwrogaUontcaarbogcylic  Acid,  U||li70^*CX)^H. 

It  was  previously  shown  by  PeiVin  and  Steven  (ioc  cit.)  that  when 

purpurogallin  is  digested  with  boiling  60  per  cent,  aqueous  potassium 
hydroxide,  it  is  converted  into  two  isomeric  compounds  having  the 

same  formula  as  purpurogallin  itself,  and  it  was  therefore  intere.^iu)^' 
to  determine  if  a  nimilar  change  occurs  when  purpurogallincarboxylic 
acid  is  so  treated.  A  solution  of  3  grams  of  tlio  acid  in  c.c. 
of  the  potassium  hydroxide  solution  was  boiled  in  an  open  flask  until 
a  test  portion  on  dilution  with  water  did  not  develop  a  preen  tint. 
The  product,  when  cautiously  treated  with  dilute  sulpliuric  ncid, 
deposited  an  orange-coloured,  sandy  precipitate,  which  on  examina- 
tion under  the  microscope  was  seen  to  consist  of  fine  needI«^^.  These 
were  collected,  dissolved  in  boilin^;  alcohol,  the  solution  poured  into 
ether,  and,  after  removal  of  insoluble  matter,  the  ethereal  liquid  was 
well  washed  with  water  and  evaporated.  The  concentrated  alcoholic 
solution  of  the  residue  at  first  deposited  a  trace  of  unattacked 
purpurogallincarbozylic  acid,  which  was  removed,  and  the  addition 
of  a  little  boiling  water  to  the  iiltrate  now  caused  the  separation 
of  bright  yellow  needles.  These  were  further  purified  by  crystaUisa- 
tion  from  dilute  alcohol : 

Found:  C - 54-81 ;  H-3-27. 

Oj^H^O^  requires  0<«  54-64;  H»3-03  per  cent. 
As  thus  prepared,  the  substance  appeared  to  be  liomogeneou'i,  and 
no  two  distinct  forms  could  l^e  separated,  as  was  previously  found  to 
be  the  case  with  the  product  obtained  ii'om  purpurogallin  itself.  la 
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the  rocontly  precipitated  moist  coin\\i\oi\,  purpurogallonecarhoxylic  acid 
is  somewhat  readily  soluble  in  boiling  alcohol,  and  on  evaporating  the 
solution  it  soparaics  in  the  cryntalline  condition.  When  fractionally 
treated  in  this  manner,  the  first  deposit  contained  but  a  trace  (2*48 
per  cent.)  of  water  of  crystallisation,  whereas  in  the  second,  approxi- 
mately two  molecules  of  water  of  crystallisation  were  presept : 

Found:  H.p=  11-27,  11  16,  11*88. 

O^^B^O j,iRfi  requires  H^O^  12  0  per  cent. 

Whereas  the  anhydrous  variety  is  sparingly  soluble  in  hot  alcohol 
the  hydrated  form  readily  passos  into  solution,  but,  if  the  latter  when 
concentrated  is  digested  at  the  boiling  point,  the  solution  quickly 
besomes  semi-solid,  owing  to  the  separation  of  the  anhydrous 
substance.  Under  the  microscope  both  varieties  were  seen,  to  consist 
of  prismatic  needles,  and  no  special  difference  could  be  observed 
between  them.  Purpurogallonecarboxylic  acid  does  not  melt  below 
300^,  and  is  soluble  in  alkalis  with  a  yellow  colour,  which,  on 
exposure  to  air,  becomes  deep  crimson^red.  If  air  is  passed  tlirough 
the  alkaline  liquid  until  the  latter  tint  is  fully  developed,  the  solution 
acidified,  extracted  with  other,  and  the  extract  evaporated,  an 
amorphous  re.^tidue  is  obtained,  which  on  drying  intumesces  in  the 
manner  characteristic  of  tiie  tannin^.  Purpurogallincarboxylic  acid, 
treated  in  a  similar  manner,  gives  an  analogous  product,  but  attempts 
to  prepare  thet-o  compounds  in  a  pure  con<lition  have  been  hitherto 
unsuccessful.  Purpurogallonecarhoxylic  acid  dyes  mordanted  wool 
in  shades  almost  identical  with  those  given  by  the  purpurogalioues 
{he,  cit.) ; 

Cliroiuimn.  Alumiuiam.  Tin.  Iron. 

Chocolate^brown      Pale  chocoIate>bit>WD      Pale  yeUow  Chocolate-brown 

With  alcoholic  lead  acetate,  it  gives  a  yellow  precipitate,  and  with 
alcoholic  ferric  chloride  a  deep  brownish-black  coloration. 

Action  of  Ae$iie  Anhydride. — ^The  acid  (1  gram)  is  but  slowly 
attacked  by  boiling  acetic  anhydride  (10  c.c),  but  on  addition  of 
six  drops  of  pyridine  a  clear  liquid  is  almost  instantaneously 
produced,  and  the  reaction  is  complete  after  a  few  minute.^* 
dijjestiou.*    On  pouring  into  water,  an  oily  product  separated,  which 

*  It  was  noted  in  previoiiB  work  with  ellagic  and  fiavellagic  iicid:^  (loc  eil.)  that, 
whereas  these  compounds  are  but  slowly  attaidced  by  acetic  anhydride  when  in  the 
«lry  conditioD,  if  i»yri(linc  of  crystallisation  was  present  tlio  ])i o<ln<  tion  nf  fli.^ir 
acetyl  derivatives  was  much  niun-  ra[ti<i,  ExptTinuntH  carried  out  with  iiunit  iou.s 
other  ;iubjtaucos  indicated  that  }>yiidino  employed  in  the  above  manner  greatly 
feciJitates  th«  aeetylation  process,  and  in  every  case  was  preferable  to  the  employ- 
ment  of  sodiom  acetate.  "With  oompotuidi  of  the  nature  of  alisarin  or  qnercetin, 
which  jieM  sparingly  aolnble  acetyl  deri?atives,  and  employing  the  nsnal  quantity 
of  the  reagent^  only     or  ten  drops  of  pyridine  for  one  gram  of  the  phenol  are 
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rapidly  became  crystalline,  and  this  was  ooUected  and,  in  the  earlier 
ezperimenta,  puriBed  by  cryefealliaation  from  alo(Ao],  in  wbich  it  is 
sparingly  soluble^  Curimidy  enongbt  however,  much  loss  occurs 
during  the  latter  treatment^  a  yield  of  only  15  per  cent,  being  thus 
obtained,  but  this  loss  was  sabsequeutly  avoided  by  crystallisation 
from  a  mixtnre^of  bensene  and  nitrobenaene ; 

Found  :  C  =  5810;  H  =  3-24.  ' 
Ci,H^Og(C2H30)2  requires  C  =  6816;  H  =  3-03  per  cent. 

Daring  the  acetylation  therefore  of  purpurogalloneoarboxylic  acid, 
a  molecule  of  water  is  simultaneously  removed,  which  was  also  (lor.  eU.) 
shown  to  be  the  case  when  purpurogallones  themselTes  were  similarly 
treated.  An  estimation  of  the  acetyl  groups  was  carried  out  by  the 
ethyl  aoetate  method  (Trans.,  1905,  87, 107) : 

Found :  O^H^O,*- 37*81. 

Theory  requires  CoH^Oa^  88*21  per  cent. 

During  the  hydrolysis,  the  acetyl  compound  unites  with  a  molecule  4 
of  water  and  is  reconverted  into  purpurogalloiiecarl)oxvlic  acid, 
which  is  readily  isolated  by  cautious  addition  of  boiling  water 
to  the  residual  alcohol  tc  liquid.  AcetytanhydropurpurogaUoiie- 
earbox^ie  acid  forms  colourless  needles,  melting  at  236 — 238"^  with 
effervescence. 

It  has  previously  been  shown  (loc.  cit.)  that  when  Mopurpuro- 
gallone  is  dissolved  in  sulphuric  acid,  the  anhydro-eompound, 
Oi^H^O^,  is  formed,  and  can  be  isolated  by  means  of  acetic  add. 
Bzpwiments  with  the  acid  in  a  4dmilar  manner  gave,  however,  a 
yellow  product^  which  consisted  of  the  unaltered  compound,  as  analysis 
showed : 

Found  :  0  =  54-56  ;  11  =  3-52  per  cent. 

Although  judging  by  the  results  of  the  acetylation  there  is  every 
reason  to  suppose  that  the  acid  CjjH^O^'COjjH  is  formed  by  the 
action  of  the  sulphuric  acid,  it  is  evidently  of  a  less  stable  nature 
than  the  oorresponding  MOpurpurogallone  derivative,  C,jH^O|^  and 
readily  regenerates  the  purpurogallonecarboxylic  acid  during  the 
process  employed  for  its  isolation.  Such  a  change  evidently  takes 
place,  although  less  readily,  when  the  acetyl  derivative  is  dissolved 
in  alcohol,  but  this  can  be  avoided,  as  shown  above,  by  the  em- 
ployment of  a  solvent  in  which  the  absence  of  water  can  be 
ensured. 

neeosaary.  The  pyridine  is  added  to  tho  boiling  mixture,  and  the  reaction  ii  com> 
pleted  by  digeatioii  for  a  few  minntea.  Oa  trtating  the  product  with  aloohd,  the 
acetyl  oompound  sepaiatM  in  a  ciyataUine  conditioii,  and  is  fieqnently  fhna  iaolated 
i  n  a  state  of  chemical  parity.  In  cases  where  the  acetyl  compoond  is  of  a  more  soluble 
nature,  precipitation  with  water  and  pioeedare  in  the  oenalpiaBner  ia  adopted. 
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Methyl  purpurogaUonioarhaaesflaU  Mramsihi^  MUmr^ 

O„H,O(OMe)4*C0sMe, 
can  be  obtained  in  an  identical  manner  to  that  employed  for  the  pre- 
paration of  the  corresponding  ether  of  methyl  purpurogallincarboxylate, 
In  this  case,  also,  very  large  quantities  of  methyl  sulphate  and  alkali 
are  necessary,  and  the  yield  is  poor.  After  removal  of  products 
soluble  in  alkali,  the  residne  consisted  principally  of  the  anticipated 
compound,  but  a  trace  of  a  second  methyl  ether,  too  small  in  quantity 
for  characteriBation,  was  also  present.  By  extraction  with  light 
petroleum,  the  latter  remained  undissolved,  and,  on  concentrating  the 
extract  and  cooling,  colourlejss  prisma  separated,  which  melted  at 
110— IIP: 

Found:  C-61-27;  H  =  5-55;  CH3  =  21-69. 
Cj^KiaO^  requires  C=6108  ;  H  =  5'39  ;  OK^  =  '22  io  per  cent. 

It  was  noted  that  the  hydriodic  acid  liquid  from  the  Zeisel  deter> 
mination  contained  crystals  of  purpurogdllonecarboxylic  acid. 

PurpuirogalioHeearboxylieaoid  Utramethyl  ether j  G^^^jd{0yLQ)^^QOfi^ 
is  produced,  as  might  be  anticipated,  by  a  shorb  digestion  of  the  ester 
compound  with  alcoholio  potash.  On  addition  of  water,  the  liquid 
remained  clear,  and  when  this  was  neutralised  with  acid  an  oil 
separated  which  rapidly  became  solid.  It  was  purified  by  crystal* 
lisation  from  bensene,  from  which  it  is  depoeited  as  small,  colourless 
needles: 

Found:  O-60-13;  H«5*15. 

CjflH„;07  requires  C-60'00  ;  H  =  5  00  per  cent. 

From  alcohol,  in  which  it  is  readily  soluble,  it  crystallises  in 
colourless  prisms.  It  melts  at  166 — 167*^,  and  on  treatment  with 
hydriodic  acid  is  converted  into  purpurogallouGcarboxylic  acid.  By 
prolonged  digestion  with  boiling  alcoholic  potash,  tliis  tetramethyl 
ether  is  not  further  attacked,  and  it  thus  appears  evident  that  only 
one  carbox)!  group  ia  present  in  this  compound.  The  sugL'cstion 
which  was  made  in  the  earlier  paper  {loc.  cit.)  that  the  formation  of 
the  purpurogallones  from  purpurogallin  was  probably  due  in  part  to 
the  oxidation  of  an  alcoholic  to  a  carboxylic  group,  cannot  thus  be 
considered  feasible. 

A  study  of  the  oxidation  products  of  purpurogallin  tetramethyl 
ether  and  of  the  corresponding  derivative  of  purpurogallincarboxylic 
acid  will  be  shortly  undertaken,  as  it  is  hope -1  th.it  the  constitution 
of  these  interesting  compounds  will  thus  be  elucidated. 
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The  EUetmjlytic  Oxidation  of  Gallic  and  ProiocaUehuie  Aeidt 
in  ike  Prewioe  qf  Sulphme  AM, 

It  hu  been  previously  shown  (Trans.,  1905,  87,  1412 ;  1906,  89, 
251)  tbat  when  gallic  acid  is  oxidised  with  potasmum  persulphato  in 
the  presence  of  sulphuric  acid,  it  is  converted  into  ellagic  acid  and 
flavellagic  acid  (liydroxyellagic  acid).  On  the  other  hand,  when  60  per 
cent,  sulphuric  acid  i>  employed,  tlavellagic  acid  is  alone  produced, 
and,  again,  if  a  mixture  of  acetic  and  sulphuric  acids  forms  the  solvent, 
ellagic  acid  alone  is  obtained.  With  the  simpler  hydroxy  ben  zoic  acids, 
similarly  confitituted  c()m{)()unds,  but  containing  fewer  hydroxy]  groups, 
are  produced,  whereas  the  lughest  member  of  the  furies,  dihydroxy- 
ellagic  acid,  is  formed  by  heating  ellagic  acid  with  sulphuric  acid  to  a 
high  temperature.  It  appeared  interesting  to  .study  the  electrolytic 
oxidation  of  these  acids  in  ease  any  new  points  of  interest  might  be 
revealed,  although  it  seemed  probaVde  from  a  somewhat  early  pitent 
dealing  with  this  subject,  which,  howover,  wo  did  not  see  until  the 
work  was  nearly  completed  (Hadische  Anilin-  und  Soda-Fabrik,  D.R.-P. 
85390),  that  the  reaction  was  likely  to  follow  the  same  lines  as  when 
persulphate  was  emplojed. 

GaUie  Add, 

The  solution  employed  in  these  experiments  was  prepared  by  first 
stirring  finely-powdered  gallic  acid  (2t)  grams)  with  sulphuric  acid 
until  a  thin  cream  was  produced,  and  suhsequently  diluting  with  the 
add  until  the  volume  of  the  mixture  was  about  90  cc.  From  10  to 
15  CO.  of  water  were  added»  and  the  whole  was  then  wanned  until  a 
clear  liquid  w.as  obtained.  Preliminary  experiments  C4irrie<i  out 
without  a  separation  of  the  anode  and  cathode  compartments  gave  an 
iuditTeT cut  yiold  of  the  oxidation  product,  and  the  effect  was  now 
studied  of  separat in*;  the  anode  and  cathode  by  means  of  a  {>orous  cell. 
A  small  beaker  was  therefore  employed  for  tlie  anode  solution,  and  the 
cathode  solution  was  contained  in  a  porous  cell,  which  was  placed  in  the 
centre  of  the  beaker,  ripe  of  temperature  being  avoided  by  standing  the 
arrangement  in  a  basin  through  which  cold  water  was  circulated.  A« 
the  results,  however,  were  still  disappointing,  the  sheet  anode  wxls 
removed,  and  one  consisting  of  coiled  plitinura  wire  having  a  tot^l 
active  surface  of  5  S(].  cm.  was  substituted,  and  by  this  means  a  very 
much  better  yield  of  the  oxidation  product  was  obtninod.  In  the  first 
experiments,  the  anode  current  density  was  4  amperes  per  sq.  dcm.,  the 
K.M.F.  being  4*5 — 5'*?  volts,  whereas  in  the  latter  it  was  40  amperes  per 
sq.  drm.  and  the  E.M.F.  6 — 7  volts.  Care  was  taken  hot  to  allow  the 
kture  to  rise  above  20°.   As  the  best  results  were  obtained 
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a  high  cnrrent  density,  and,  as  with  the  conceiitratioii  of  the  sulpharie 
add  used  this  would  represent  favourable  conditions  for  the  formation 
of  persulphurio  aeid,  it  is  probable  that  the  oxidation  is  not  direotly 
electrolytic,  but  is  due  to  the  action  of  the  peraulphnric  acid  first 
produced. 

According  to  the  equation 

2C.HA  =  C,,H^O,  +  3H,0, 

20  grams  of  gallic  acid  would  require  the  passage  of  six  ampere- 
hours,  but  it  was  found  more  advantageous  to  pass  the  current  for 
eight  ampere-hours.  The  product  was  heated  to  50**  for  one  hour, 
poured  into  a  large  excess  of  water,  and  the  precipitate  coUeoted  and 
well  washed.  The  average  yield  was  20  per  cent.,  but  ocea^onally  as 
much  as  30  per  cent,  of  the  substance  was  obtained. 

Subsequently,  a  third  method  was  employed,  which  gave  a  still  better 
result.  In  this  case  the  anode  consisted  of  a  platinum  U-tube  with  a 
diameter  of  0*33  em.  and  having  a  total  active  surface  of  9  sq.  cm., 
and  this  was  placed  in  the  porous  c«ll  which  now  constituted  the  anode 
compartment.  Daring  the  electrolysis,  water  was  passed  through  the 
tube,  BO  that,  not  only  the  solution,  but  the  electrode  itself  was  thus 
kept  cold.  The  c  ithode  consisted  of  a  platinum  wire  which  surrounded 
the  anode  cell,  and  with  a  current  of  2  amperes  the  E.M.F.  varied 
between  7  and  8  volts,  the  current  density  being  therefore  0*22  ampere 
per  sq.  cm.  By  this  methotl,  it  was  possible  to  obtain  a  yield  of  40  per 
cent,  of  the  oxidation  product,  although  owing  to  the  small  size  of  the 
platinum  tube  oiuployed  it  was  not  possible  to  work  with  large 
quant itief*  of  material. 

Tlie  product  of  the  reaction  consisted  of  a  greenish-yellow  powder 
of  an  apparently  pure  cliarjicter,  very  sparingly  soluble  in  the  usual 
solvents,  and  readily  soluble  in  alkalis  with  a  well-marked  green  tint. 
It  was  evidently  not  identical  with  the  compound  descrilxMl  in  the 
patent  of  the  Badische  Anilin-nnd  Soda-Fabrik  {loc-  cit.),  as  prepared 
by  the  oxidation  of  gallic  acid  in  the  presence  of  sulphuric  acid,  for  the 
litter  has  the  property  of  giving  a  blue  coloration  with  sodium 
carbonate  solution. 

For  purifi  ation,  crystallisation  fmm  pyridine  was  resorted  to,  a 
very  large  quantity  of  the  .solvent  being  necessary.  The  solution,  on 
cooling,  deposited  a  voluminous  mass  of  small,  yellow  needles  contain- 
ing pyridine  of  crystallisation.  The.se  were  collected,  washed  with 
pyridine,  and  finally  with  alcohol,  by  which  latter  treatment  the  crystals 
shrunk  to  a  very  small  bulk.    Xhe  product  was  dried  at  160"^ : 

Found :O»52*80;  H-212. 

Ci^H^O,  requires  C*- 52*83  ;  H-1-89  per  cent. 

It  did  not  melt  below  360 gave  with  nitric  acid  the  Griesmayer 
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naotioiiy  and  eyidently  consisted  of  flavellagio  aoid.  To  prepare  the 
aoetyl  derivative,  the  finely-powdered  substance  suspended  in  much 
boiling  aoetio  anhydride  was  treated  with  a  few  drops  of  solphoric 
acidy  and  the  mixtare  digested  at  the  boiling  point  for  fifteen  minutes. 
The  clear  liquid,  on  boiling,  became  eemi-eolid,  owing  to  the  separation 
of  long,  hair-like,  oolonrlese  needles,  which  were  ooUected  and 
leerystallised  from  acetic  anhydride : 

Found:  0  =  54-50;  Ii  =  3'51. 

Ci^HOj)(C3HgO)j3  requires  C  =  54*54  ;  N  =  3  03  per  cent. 

It  melted  at  317— 319%  and  consisted  without  doubt  of  acetyl- 
flavellagio  acid. 

It  is  consequently  evident  that  when  a  solution  of  gallic  acid  in 
60  per  cent^  sulphuric  acid  is  oxidised  either  electrolytically  or  by 
means  of  persulphates,  the  same  oompoundt  namely,  flavellagic  acid,  is 
prodoced. 

iVoloceBfeoMc  AM. 

The  method  of  procedure  in  this  case  was  similar  to  that  employod 
for  the  oxidation  of  gallic  acid.  The  protoca technic  acid  was  dissolved 
in  concentrated  sulphuric  acid,  and  the  solution  then  diluted  by  the 
addition  of  a  small  quantity  of  water.  The  anode  was  a  spiral  of 
platinum  wire  having  a  surface  of  6  sq.  em.,  and  a  current  density  of  20 
amperes  per  sq.  dcm*  was  employed.  When  the  electrolysis  was  ecn- 
plete,  the  product  was  heated  to  50^  for  an  hour,  poured  into  water, 
and  the  precipitate  collected  and  washed ;  the  yield,  however,  was 
poor,  and  in  no  esse  was  more  than  10  per  oent.  off  the  oxidation 
product  obtained. 

The  substance,  which  consisted  of  a  pale  brown,  crystalline  powder, 
was  evidently  of  a  much  purer  character  than  that  usually  obtained  by 
means  of  persvilphates.  On  account  cl  its  sparing  solubility,  it  was 
acetylated  with  a'large  volume  of  acetic  anhydride  to  which  a  small 
quantity  of  sulphuric  add  had  been  added.  The  produet  was  purified 
by  recrystallisation  from  acetic  anhydride  ; 

Fouud:  C  =  60  82  ;  H  =  3-18. 

Ci^H40<,(CjHl,0)j  requires  O-6101 ;  K-2-82  per  cent 

It  consisted  of  colourless,  prismatio  needles  melUng  at  — SS4^, 
and  was  identified  as  acetylcatellagic  add .  The  eatellagic  add  produoed 
by  the  hydrolysis  of  this  compound  was  diaracterised  by  the  readiness 
with  which  it  sublimed  at  high  temperatures,  and  differed  in  no 
respect  from  the  compound  obtained  by  the  agency  of  persulphates. 

A  study  of  dectrolytib' oxidation  of  and  m-hydroi^benaoio  aeids 
gave  somewhat  disappointing  results,  and  it  soon  became  evident  that 
the  employment  of  persulphate  for  the  oxidation  of  these  adds  in  this 
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respect  was  ranch  more  advantageous.  The  fiubject  has  consequently 
been  put  on  one  side,  but  it  is  hoped  that  by  employing  the  water- 
cooled  anode,  as  in  the  experiments  with  gallic  acid,  a  more  satis- 
factory result  may  be  obtained. 

TEsOun  iiwoRfvBBs'RnBABOH  Labobatort,  Bobouoh  PoLTTECHNIolHtTmrrS, 
ToK  UmrsBarrr,  Lvbds.  Lomson,  S.iL 


OXVil. — I%e  Thermal  Decompodticm  of  Hydrocarbons. 
Part   /.*     [Methane,    Ethane^   Ethylene,  and 

Acetylene,^ 

By  William  Arthur  Bons  aod  Hubkrt  Frark  Coward. 

• 

Mucfi  has  been  written  concerniug  the  action  of  heat  on  hydrocarbons, 
and  the  separation  of  carbon  in  flames,  since  Dalton  and  William 
Henry  conjointly  studied  the  decomposition  of  methane  and  ethylene 
when  subjected  to  the  continued  action  of  electric  sparks  (Dalton's 
iVew  SijsUm,*'  vol  I,  pp.  440,  447;  Phil.  Trans.,  1809,  99,  44G). 
Owing,  however,  to  the  complexity  of  the  phenomena,  and  the  ditliculty 
in  realising  conditions  under  which  crucial  evidence  can  be  obtained, 
we  are  «till  far  from  understanding  the  precise  modes  of  decomposition 
of  even  the  simplest  hydrocarbons,  whilst  the  final  elucidation  of  the 
question  as  it  affects  the  higher  members  of  the  various  series  will 
probably  tax  our  experimental  resources  to  the  utmost  for  many  years 
to  come. 

That  the  ultimate  resolution  of  a  hydrocarbon  into  its  elements  at 
high  temperatures  cannot  be  regarded  in  general  as  the  immediate 
result  of  a  single  chemical  change  was  proved  by  Marchand  in  1839 
(,/.  ;>r.  Ostein.,  36,  478),  when  he  obtained  large  quantities  of  methane 
during  the  decomposition  of  ethylene  at  a  bright  red  heat.  This  led 
him  to  represent  the  initial  sts^  of  the  transaction  as  involving  the 
nmultaneoiis  liberation  of  earbon  and  methane  as  follows : 

This  view  derived  some  support  from  the  later  observation  of  Bufif 
and  Hofmann  (Armalen,  1860,  113,  129),  that  when  a  platinum  wire 

is  electrically  heated  to  dull  redness  in  ethylene,  the  gas  is  decomposed, 
yielding  carbon  and  much  methane  without  any  appreciable  change  in 
volume.    But  the  cogency  of  this  otherwise  important  piece  of  evidence 

*  A  preliminary  notice  of  this  investigation  appeared  under  the  names  of  Bons 
and  Jerdan  in  the  Proceedings,  1901,  17,  164. 
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is  weakened,  as  V.  B.  Lewes  has  justly  remarked,  by  the  fact  that 
denser  hydrocarbons,  Iwth  soh'd  aud  liquid,  are  undoubtedly  formed 
from  ethylene  at  incipient  red  heat. 

During  tho  yoars  1803 — 1869,  Berthelot  made  a  comprehensive 
study  of  the  iK^liaviour  of  hydroc;ir])onq  at  high  tpnipfr.it tires  (Ann, 
C/iim.  Ph/8.,  18G3,  [iii],  67,  53  ;  1S66,  [iv],  9,  413,  455  ;  1867,  [iv],  "I 
12,  5,  122  ;  1860,  [iv],  16,  143,  148,  153,  162).  IIh  contended  that 
a  hydrocarbon  is  never  directly  resolved  into  its  elements,  but  the 
{irimary  change  always  involves  either  a  polymerisation  (for  example^ 
acetylene  to  benzene),  or  a  coalition  of  two  or  more  molecule-;  to  form 
a  denser  hydrocarbon  with  elimination  of  hydrogen.  These  denser 
molecules  in  turn  undergo  a  series  of  Rimilar  changes  until  carbon 
finally  appears  as  the  result  of  the  decomposition  of  an  extremely 
complex  molecular  aggregation.  In  elaborating  this  idea  he  con- 
vinced himself  that  the  successive  changes  involved  in  the  decomposi- 
tion of  any  particular  hydrocarbon  are  usually  either  all  individually  j 
reversible  or  may  be  so  grouped  as  to  oomprifle  a  series  of  reversible 
cycles,  and  that  therefore  at  any  given  temperature  there  would 
finally  be  established  a  complex  state  of  equilibrium  between  hydrogen, 
methane,  ethane,  ethylene,  acetylene,  benzene,  styrolene,  dipfaenyl, 
anthracene,  naphthalene  .  .  .  and  carbon.*  In  no  case,  however, 
was  the  attainment  of  such  a  state  of  equilibrium  ever  proved  by  any 
quantitative  measurements;  it  was  considered  sufficient  to  obtain 
qualitative  evidence  of  the  reversibility  of  the  principal  individual 
reactions  and  to  deduce  the  general  theory  by  the  application  of  first 
principles. 

With  regard  to  the  four  hydrocarbons  dealt  with  in  tho  present  ^ 
paper,   Berthelot  maintained  th  it  methane  is  primarily  decoui{»«sed 
either  into  acetylene  and  hydrogen,  or  possibly  into  ethane  and 
hydrogen,  in  accordance  with  one  or  other  of  the  following  equations  : 

(a)  20H4»C)H,+3H,         (6)  2CH4»0,He+Hr 

*  Hfitlifflot'.s  views  arc  siunniarised  iti  the  following  |«issa;^o  from  one  of  his 
memoirs  {Ann.  Ciiim.  Phys.,  1866,  [iv],  9,  471).  que  la  decom[>ositioD  i 

imniMi»t«  d*im  carbnre  d'hydrogine  nt  itfpond  pH  4  n  rfiwlntioii  en  Omenta,  \ 
maia  K  sa  tnuisformatioii  on  polymires,  on  on  earlnires  pins  oondono^o  avoo  porto  N 
d'hydrog^ne.    Oetto  transformation  nc  sVffecte  point  d*aUlenn  It  ane  tomperaturr  J 
absolumcnt  fizo  et  comparable  h  cella  d'^bullition  d'nn  liquide ;  mais  elle  s'op^re        m  ^ 
pendant  un  vaste  intervalle  de  tempt^rntnre  compris  «^ntre  le  rouge  sombre  et  le  M 
rouge  blanc  :  ilurant  cct  intervalle  lo  carhure  est  deconiposi'  en  proportion  d'aut.int  J 
plus  forte  et  avec  une  vitettse  d'autaut  plus  grande  que  la  tempc^ratare  est  plus  * 
^lov^  . . .  Sntre  chaque  genre  do  rteetion  et  la  f^tkm  i^ciproqao  il  a*^tablit 
fr^nenmiont  nne  sort  d'^nOibro  mobile  variablo  avoo  la  temp^ratnn  «t  lea  oorpa 
se  trottvent  en  pn5sence,  eqnilibre  analogue  k  celni  qui  ao  produit  Ion  ladlafociat  ^^^^  , 
deacompoote  biaairea."  a  that 
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Ethane,  he  considered,  yields  either  ethylene  aod  hydrogen,  or 
acetylene,  methane,  and  hydrogen,  as  follows  : 

(c)  0^.-C,H4+H,         (d)  2C,H«=2Ctt4+CjH,+H„ 

whilst  ethyleae  yields  either  acetylene  aod  hydn^gen,  or  acetylene  and 
ethane^ 

(«)  CgH,  =  CoH^  +  (/)  20,H,  =        +  CJ,Hj. 

He  regarded  acetylene  as  "  le  produit  ultioie  des  decompositions 
pyrogendes  ....  g^ndrateur  fondamecital  des  carbures  pyrogen^es." 
It  exhibits  in  a  high  degree  the  power  of  polymerising,  or  of  con- 
densiog  with  either  hydrogen  or  aromatic  hydrocxrboDS  at  high 
temperature-4,  but  it  is  never  directly  resolved  into  its  elements. 

But  plausible  and  attractive  as  Berthelot's  theory  may  appear, 
evidence  of  its  insufficiency  was  soon  forthcoming.  In  1873 
T.  E.  Thorpe  aud  J.  roung,  as  the  result  of  an  investigation  on  the 
combined  action  of  hsat  and  pressure  on  the  paraffins  (Proo.  Roy»  Soo., ' 
21, 184),  concluded  that  the  primary  decomposition  gives  rise  to  an 
define  and  a  lower  paraffin  without  loss  of  hydn^n  somewhat  as 
follows : 

Moreover,  in  1880,  IT.  E.  Armstrong  and  A.  K.  Miller  (Trans.,  49, 
74)  dr(!w  Httontion  to  tho  almost  complete  absence  of  acetylene 
unil  its  }ionioI();^'iu?s  from  tho  products  of  the  manufacture  of  oil  gas 
from  petroleum,  which  were  found  to  consist  largely  of  ethylenic 
and  benzenoid  hydrocarbons,  and  suggested  that  the  latter  may  be 
derived  directly  from  the  corresponding  parafTlns  (for  example, 
benzene  from  hexane)  without  the  intervention  of  acetylene. 

The  work  of  V.  B.  T^ewes,  chiefly  on  ethylene,  forms  one  of  the 
most  notable  recent  contributions  to  our  knowledge  of  the  subject 
(Proc.  Roy.  Soc,  1894,  55,  90  ;  1896,  57,  394).  He  concluded  that 
ethylene  is  primarily  resolved  into  equal  volumes  of  acetylene  and 
methane  as  the  result  of  the  following  termolecular  change : 

ig)    302H,-2C2H,  +  2CH,. 

and  that  the  acotyit'iio  subse^jueutly  either  polyineriseH  or  is  resolved 
into  its  elements,  accordin«j  to  the  t^nnporaturo.  With  ri'jjard  to 
methane,  he  agreed  with  Berlhelot  thit  it  is  initially  transformed 
into  acetylene  and  hydrogen  in  accordance  with  the  equation  (a). 

In  1896  Habcr  f/^rtr..  29,  2691)  published  a  paper  on  the 
decomposition  of  the  higher  paraffins,  in  whioh  ho  vi'^'oronsly  assailed 
Berth»'lot's  views.  In  the  ease  of  «- hexane,  he  conclusively  proved 
that  at  temperatures  between  600°  and  800'^  the  primary  decomposition 
involves  the  elimination  of  methane  and  the  simultaneous  form- 
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afcbn  off  one  of  tho  next  lower  olefines,  Cj^H^q,  in  aeoordanoe  witb  the 
equation 

CHg-CH/CH.-CH/CH/CHa  =  CHg-CH/CHj-CHrCH,  +  CH^, 

a  change  which  he  regarded  as  typical  of  all  the  higher  paraffins.  In 
the  aromatic  series,  on  the  contrary,  he  recognised  a  marked  disposition 
to  form  more  complex  molecules  with  the  elimiDation  of  hjdro^n,  for 
example^  diphenjl  from  benzene : 

Ilaber's  views  as  to  the  behaviour  of  acetylene  at  high  temperatures 
show  how  completely  he  acco[)ted  the  prevailing  notion  of  its  inherent 
superior  stability  over  that  of  all  other  hydrocarbons.  lie  believed 
thai,  whilst  at  600°  it  polymerises  rapidly  an<l  at  800°  yields  large 
quantities  of  hydrogen,  it  is,  nevertheless,  at  higher  temperatures 
"in  starker  Verdiirmung  jedem  anderen  Kohlenwasserstoff  an 
.  Restandigkeit  Uberlegen."  He  severely  criticised  Lewes'  work,  how- 
ever, and  rejected  the  acetylene  theory  of  the  luminosity  of  hydro^ 
carbon  flames. 

In  spite  of  the  counterbalancing  weight  of  evidence  derived  from 
the  behaviour  of  the  higher  paraffins,  there  has  undoubtedly  been  a 
tendency  during  recent  years  to  overestimate  the  importance  of 
acetylene  as  a  factor  in  the  breaking  down  of  hydrocarbons  at  high 
temperatures,  as  shown  in  Lewes'  attempt  to  identify  the  primary 
formation  and  subsequent  decomposition  of  acetylene  as  the  sole  cause 
of  the  luminosity  of  hydrocarbon  flames,  a  doctrine  which  has, 
unfortunately,  crept  into  many  reputable  text-books.  But  the  experi* 
mental  evidence  on  which  such  views  have  been  based  seems  to  ua 
wholly  insufficient  and  lacking  in  cogencj.  The  detection  of  quite 
insignificant  quantitieB  of  acetylene  among  the  decomposition  products 
in  a  particular  experiment  has  far  too  often  been  put  forward  as 
satisfactory  proof  of  its  primary  and  predominant  formation,  whilst 
the  presence  of  twenty  times  as  much  methane  has  been  either 
altogether  ignored  or  passed  over  as  relatively  unimportant.  Moreover, 
whereas  the  influenoe  of  temperature  on  the  nature  and  sequence  of 
the  changes  involved  has  received  considerable  attentioBf  the  equally 
important  factor  of  time  has  been  largely  disregarded.  We  venture 
to  think  that  the  facts  brought  to  light  during  the  prssent  iavestiga> 
tion  will  go  far  to  determine  the  relative  importance  of  methane  and 
acetylene  as  high  temperature  decomposition  products. 

Several  years  ago,  one  of  us,  in  conjunction  with  Dr.  D.  S.  Jordan, 
proved  that  methane  is  the  only  hydrocarbon  formed  synthetically  from 
its  elements  at  temperatures  between  1000^  and  1200^  (Trans.,  1897, 
71,41  ;  1901,79,  1042),  and, although  this  conclusion  has  recently  been 
doubted,  it  has  been  conErmed  by  a  careful  repetition  of  the  original 
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oxpeiiments,  aud  derives  additiooal  support  from  the  results  of  the 
present  research. 

The  range  of  temperature  covered  by  <>ur  experiments  extends 
from  ubout  500°  up  to  nearly  I'iOO',  and  special  attention  has  been 
paid  to  the  influence  of  the  time  factor  on  the  various  decompositions. 
The  main  conclusions,  which  materially  differ  in  several  important 
respects  from  those  of  previous  workers,  are  summarised  in  the  follow- 
ing paragraphs  : 

(1)  Methane,  which  is  by  far  the  most  stable  of  the  four  hydro- 
carbons examined,  is  always  a  principal  product  of  the  decomposition 
of  the  other  three,  especially  at  temperatures  above  800^.  It  decom- 
poses for  the  main  part  di/reeUy  into  carbon  and  hydrogen,  and  the 
process,  which  is  probably  reversible  at  all  temperatures,  is  (at  least  ' 
within  the  temperature  ran^^fo  above  indicated)  chiefly  a  surface 
phenomenon.*  The  carbon  deposited  from  methane  is  of  a  peculiarly 
hard  and  lustrous  type,  wholly  different  from  the  dull,  soft  variety 
yielded  by  the  other  three  hydrocarbons,  exoept  in  so  far  as  part  of 
the  latter  may  arise  as  the  resalt  of  the  secondary  decomposition  of 
methane. 

(2)  The  decomposition  of  the  other  three  hydrocarbons  is  not 
chiefly  a  snrface  effect,  but  takes,  place  throughout  the  main  body 
of  the  gas. 

(3)  Acetylene  is  a  prindpal  product  of  the  deoompositions  of  ethylene, 
but  not  of  either  methane  or  ethane.  The  equation  put  forward 
by  y.  B.  Lewes  for  the  decomposition  of  ethylene  is,  however, 
disproved. 

(4)  At  comparatively  low  temperatures,  acetylene  exhibits  a  strong 
tendency  to  polymerise,  forming  benzene,  &c,,  so  that  whenever  acetylene 
is  a  principal  primary  product  in  the  decomposition  of  another  hydro- 
carbon (for  example,  in  the  case  of  ethylene)  there  is  always  a  marked 
hGComlary  formatiou  of  aromatic  hydrocarbons  at  low  teiuperHtures. 
This  tendency  to  polymerise  reaches  a  maximum  probably  homewhere 
between  GOO'^  and  700*^,  after  which  it  diminishes  rapidly  as  the 
temperature  rises,  and  is  but  little  in  evidence  above  1000°. 

(5)  Both  acetylene  and  ethylene  exhibit  a  certain  tendency  to  com- 
bine with  hydrogen  at  low  temperatures,  forming  ethylene  and  ethane, 
but  the  importance  of  this  factor,  which  is  never  very  great,  diminishes 
as  the  temperature  ri-es,  aud  is  insignificant  above  1000°. 

(6)  One  of  the  prinoipal  factors  operative  at  800'^  aud  higher 

*  The  condoBioa  as  to  the  decompoaitioB  beiog  chiefly  a  snrfMe  effect  applies  up 
to  1200*,  and  probably  at  still  higher  temperatores,  which  were  not  Uivestigated. 
Preaomably  at  very  high  temperatares,  decompoaitiou  would  (in  port  at  least)  take 
place  throughout  the  maiD  body  of  the  gas  itself ;  this  ia  certatnly  (he  case  in  the 
electric  arc  (Bone  and  Jexdan)* 
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temperaturee  is  the  direct  "  hydrogenation  "  of  eneh  reeiduea  as  iOH, 
ICB^  and  possibly  'CU^  (whi<^  ooneeiTably  have  a  momentary 
sepsnte  existenoe  during  the  dissolation  process)  to  methane  when- 
ever the  atmosphere  is  already  rich  in  hydrogen.  In  this  and  in  no 
other  way  can  the  phenomenally  large  production  of  methane  during 
the  decomposition  of  the  other  three  hydrocarbons  be  accounted  for.  ^ 
The  assumption  of  this  factor  also  explains  the  greatly  superior 
stability  of  methane  over  the  other  hydrocarbons  at  all  tempei'aturea 
examined. 

(7)  Berthelot's  theory  of  the  mechanism  of  hydrot^uibun  docom- 
positions,  with  its  consequent  assumption  of  the  atUiinment  of  a 
complex  »tate  of  equilibrium  at  each  particuLu-  temperature^  is  finally 
disproved. 

(8)  The  mode  of  decomposition  of  any  particular  hydrocarbon 
cannot  be  expressed  by  means  of  a  single  chemical  equation  as 
ordinarily  employed.  For  whilst  it  may  sometimes  aeota  possible  to 
apply  a  given  equation  such,  for  iastaooe,  as 

to  a  particular  case  witliin  certain  rather  narrow  temperature  limits, 
any  attempt  to  extend  the  system  invariably  results  in  inconsisiency 
and  confusion. 

(9)  But  whikt  the  rigid  application  of  ordinary  equations  i<«,  as  a 
rule^  inadmissible,  it  is  not  diificolt  to  formulate  a  scheme  based  on 
the  assumption  set  forth  in  paragraph  (6),  showing  the  chief  cauaes 
at  work  and  their  modes  of  operation  in  any  given  case.  The  scheme 
applies  more  particularly  to  ethane,  ethylene,  and  acetylene,  since 
the  decomposition  of  methane  is,  in  the  main,  a  direct  resolution 
of  the  gas  into  its  elements. 

(10)  In  the  cases  of  ethane  and  ethylene,  it  may  be  aupposed  that 
the  primarif  effect  of  high  temperature  is  to  cause  an  elimination 
of  hydrogen  with  a  simultaneous  loosening  or  dissolution  of  the  bond 
between  the  carbon  atoms,  giving  rise  to  (in  the  e^ent  of  dissolution) 
residues  such  as  lOH,  and  ICH.  These  reddoes,  which  can  only 
have  a  very  fugitivo  separate  existence,  may  subsequently  either  (a) 
form  H^O^CH,  and  HCiOH,  as  the  result  of  enoounters  with  other 
similar  residues,  or  (6)  break  down  directly  into  carbon  and  hydrogen, 

or  (c)  be  directly  hydrogenised "  to  methane  in  an  atmosphere  4 
already  rich  in  hydrogen.  These  three  possibilities  may  all  be  realissd 
simultaneously  in  the  same  decomposing  gas  in  proportions  dependent 
on  the  temperature,  pressure,  and  amount  of  hyiirogen  present.  The 
whole  process  may  be  represented  by  the  following  ."^cheme,  the 
dotted  line  indicating  the  tendency  to  dissolve  the  boitd  between 
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the  carbon  atoms  wldch  beoomee  actually  effective  at  higher  tempera- 
tnraa.* 


11  11 


aa)  C^H,  +  Hg. 
\{b)  2C  +  2H,+  H2. 


HiH  1(c)  ;rft«rHs  =  2CH^ 

Ethana. 


HIH 

Hc:c-H 


aa)  C,H,-hH.. 
[2(ICH)+£IJ   -  ]i*>  2C+H,+H,. 


|i/im2H,»2CH4. 


Ethylene. 

(11)  In  the  ease  of  acetylene,  the  main  primary  change  may  be 
either  one  of  polymerisation  or  of  dissolution,  according  to  the  tem- 
perature, and  if  the  latter,  it  may  be  supposed  that  the  molecule 
breaks  down  across  the  triple  bond  between  the  carbon  atoms,  giving 
rise  to  2(:CH),  and  that  these  residues  are  subsequently  either 
resolved  into  carbon  and  hydrogen  or  '*  hydrogen ised,"  according  to 
circuuistancesi  thuH  :  * 

(a)  2C  +  H, 


(b)  plwZn^  -  2CH, 


HCIOH  =  2(iaH)  = 
Polymeriaatioii. 

Incidentally,  it  may  be  observed  that  the  rates  of  decomposition 
of  these  hydrocarbons  are  very  much  slower  than  their  rates  of 
combustion,  and  that  therefore  in  the  propagation  of  a  flame  through 
a  homogeoeons  miztuicc  of  a  hydrocarbon  ftnd  oxygen,  oxidation  will 
probably  take  precedence  of  all  other  chemical  phenomena. 


EXPSEIMBNTAL. 

Apparatus  and  MetItodg,^The  apparatus  employed  in  the  experiments 

above  700°  consisted  of  an  arrangement  of  two  coaxial  tubes  of  best 
Horliu  porcelain,  glazed  within  and  without,  similar  to  that  used  by 
Bono  and  Jerdan  in  their  experimouts  on  the  direct  union  of  carbon 
and  hydrogen  (Trans.,  1897,  71,  46),  and  is  diagrammatically  shown  in 
Fig.  1.  The  inner  tube,  A  A  (length  29  cm.,  12  mm.  internal  and 
16*5 mm. external  diameter), terminated  in  narrow  ends,  each  16cm.  long 
and  2  mm.  bore.  It  was  held  in  po-itioii  coaxially  within  the  outer  tube, 
/^/^  (length  =  50  cm.,  24  mm.  internal  and  30  mm.  external  diameter), 
by  means  of  two  special  brass  end  pieces,  C'C,  provided  with  stuffing 

•  With  rogaitl  to  <  thylene  and  acetylene,  it  is  to  bo  imderstood  that  chan«(o.s  of 
the  kind  iiidicut«d  under  (4)  and  (5),  which  do  noi  involve  a  breaking  down  of  tho 
original  Tn<>Iei  nl*>,  nny  take  place  independently,  but  &uch  cUanges  are  es&entially 
low  tcoiperaturu  elluclji. 
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boxes  packed  with  asbertOB  wool  moistoned  witii  *'Boiiuuk\oeiii6nt, 
wbiefa  rendered  the  joints  between  the  two  tubes  quite  ga»4ight. 
These  brass  end  pieoes  weve  provided  with  side-tnbeSt  which  permitted 
of  a  slow  current  of  pure  dry  hydrogen  being  maintained  throngh  the 
annular  space  between  the  two  porcelain  tubes  throughout  each 
experiment,  thereby  both  ensuring  the  even  heating  of  the  inner  tube 
and  protecting  its  oontents  from  any  coatamination  with  the  furnace 

Ffo.  1. 


1>  I 

The  lube  al  a  leads  to  the  dryiiuj  tube  ami  gas-hohlcr;  in  dreulaticn  e^riuunU 

to  the  large  globe,  d-c. 

gases.    The  tubes  were  heated  mainly  by  radiation  from  the  fireclay 

walls  of  the  specially  designed  gas  furnace  (length  =  35  cm.) 
containing  thirteen  powerful  hiirner.s,  with  a  draught  induced  by  the 
iron  chimney,  B.  The  furnace  was  protected  by  means  of  thick 
screens  of  asbestos  mill- board,  and  the  gas  supply  was  automatically 
controlled  by  means  of  a  Stott  governor.  The  temperature  of  the 
porcelain  tubes  was  recorded  by  a  Le  Chatelier  thermo-j  unction 
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connected  with  a  dead-beat  galvanometer ,  and  it  could  be  kept 
practically  constant  (within  a  total  variation  of  about  20")  for  many 
honiB  together.  The  narrow  ends  of  the  inner  tube^  AA,  projected 
some  distance  on  either  uide  beyond  the  furnace ;  one  of  these  ends 
was  connected,  through  the  stopcock,  a,  and  drying  tubes  oontaining 
calcium  chloride,  with  a  glass  holder  containing  the  gas  under 
investigation ;  the  other  end  communicated,  through  the  three-way 
stopcock,  bf  with  the  capillary  manometer,  F,  the  spiral  condenser,  G 
(which  was  externally  cooled  by  ice  during  each  experiment),  and  the 
automatic  Spirengei  pump»  ff. 

At  the  outset  of  an  experiment,  the  porcelain  tubes  were  heated  to 
the  desired  maximum  temperature,  and  the  inner  tube  thoroughly 
exhausted.  The  tap  b  was  thereupon  dosed,  and  by  opening  a  the  gas 
under  investigation  was  admitted  until  the  manometer  indicated  a 
pressure  slightly  above  that  of  the  outside  atmosphere.  The  gas  was 
then  maintained  at  the  experimental  temperature  for  a  definite  period 
of  time,  during  which  pressure  records  could  be  taken  at  reguhur 
intervals,  and,  finally,  by  momentarily  opening  the  tap  b,  a  sample  of 
the  residual  gas  was  instantly  drawn  over  into  the  vacuous  condenser 
and  pump  connexions,  whence  it  was  afterwards  collected  through 
the  pump  for  analysis.  After  removal  of  the  sample,  the  whole 
apparatus  was  again  exhausted  in  readiness  for  the  next  experiment  ; 
in  this  way  a  series  of  consecutive  experiments  at  a  particular  selected 
temperature  <K>uld  be  made  without  cooling  down  the  porcelain 
tubes. 

The  presence  of  aromatic  hydrocarbons  in  the  products  was 
indicated  by  the  appearance  of  a  miat  in  the  bulb  of  the  spiral 
condenser  when  the  tap  b  was  opened. 

the  above  represents  the  usual  experimental  procedure,  it 
was  subject  to  considerable  variations  for  special  reasons.  By  a  slight 
modification  of  the  apparatus,  the  action  of  heat  on  a  Ho  wing  stream 
of  the  gas  could  he  investigated.  Also,  the  length  of  the  inner  tub© 
was  sometimes  varied,  and  occasionally  a  tube  of  the  same  internal 
diameter  as  the  one  shown  in  the  diagram,  but  without  narrow  ends, 
was  used,  in  which  case  each  end  of  the  tube  was  fitted  with  a  ground* 
glass  joint  secured  by  a  short  length  of  indiarubber  tubing.  When 
the  inHuence  of  hot  surfaces  on  the  decomposition  of  methane  was  to 
be  studied,  the  inner  tube  was  packed  with  f  ragm^ts  of  the  selected 
solid,  but  otherwise  no  packing  was  employed. 

A  notable  departure  from  the  usual  procedure  was  made  at 
tempera^uree  below  700%  where  the  rate  of  decomposition  in  a 
particular  case  was  slow  enough  to  admit  of  the  employment  of  the 
**  eirenlatimi  method  devised  by  Bone  and  Wheeler  (Trans.,  1903, 
S3, 1076).   In  such  a  case  the  apparatus  was  converted  into  a  doeed 

▼Oil.  XOIIl.  4  L  , 
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system  by  the  insertion  of  a  larger  globe  and  a  series  of  by-passed 
Rftmpling  tubes  (for  particulars  of  the  arrangement  see  Fhil.  l\rani.^ 
1906,  Aj  205,  9),  thus  rendering  it  possible  to  operate  on  lar<;o 
volumes  of  the  gas  under  examination,  and  to  follow  the  coarse  of  its 
decomposition  both  by  pressure  records  and  a  series  of  gas  samples 
out  out  at  regular  intervals  without  disturbing  the  experimental 
conditions. 

Analff9%8  qf  tks  OaasB. — As  the  gaseons  products  often  contained 
acetylene,  ethylene,  ethsne,  methane,  and  hydrogen  as  well  as 
small  quantities  of  carbon  monoxide,  formed  by  the  rsductioii  of  the 
surface  of  the  inner  porcelain  tube  by  carbon  deposited  on  it  at  high 
temperatures,*  special  methods  were  adopted  for  the  separate 
estimation  of  esch  constituent.  For  the  estimation  of  ethane  (if  any) 
present,  a  portion  of  the  gas  remaining  after  the  complete  removal 
of  acetylene^  ethylene,  and  carbon  monoxide  was  subjeeted  to  the 
action  of  ''oxidised  "  palladium  sponge  at  100°  until  all  the  hydrogen 
was  eliminated ;  the  residual  saturated  hydrocarbon  was  subsequently 
exploded  with  excess  of  oxygen  and  the  ratio  CjA  determined  in  the 
usual  mauiier. 

In  recording  the  composition  of  the  gaseous  products  in  the 
vaiious  experiments,  any  small  percentage  of  adventitious  nitrogen 
or  of  carbon  monoxide  has  been  omitted  ;  the  tabulated  results 
therefore  give  the  percentage  composition  of  the  nitrogen-  and  carbon 
monoxide-free  products. 

BxperimentB  with  J£0ikan$, 

Tho  methane  was  prepared  by  the  method  described  by  Bono  and  . 
Wlioeler  (Trans.,  1902,  81,  541) ;  the  ratio  C/A  obUined  in  an 
explosion-analysis  was  exactly  2*0,  showing  that  the  gas  was  quite 
free  from  liydrogon. 

(rt)  Preliminary  experiments  showed  that  the  rate  of  decomposition 
is  inappreciable  at  temperatures  below  700*^  unless  a  very  Urge 
surface  is  exposed  to  the  gas  by  packing  the  licat<^d  tube  with  some 
porous  material.  In  one  experiment  at  TSS""  (no  "packing"  in  the 
tube)  tho  gaseous  products  at  the  end  of  an  hour  contained  no  less 
than  91*6  per  cent,  of  methane,  the  remainder  being  hydrogen  without 
even  a  trace  of  acetylene.  None  of  tlie  other  hydrocarbons 
investigated  exhiSited  anything  Uke  so  high  a  stability  at  thia 
temperature. 

£sqpmim$ni$  at  1000^.— Comparative  experiments  at  this  tem- 
perature, in  which  the  heated  tube  was  used  both  with  and  without 

*  It  is  iui2>o:isibie  tu  avoid  a  certain  amount  of  reduction  of  tho  jtorcelaiu  by 
carbon  at  tempentomt  abovit  bright  red  heat. 
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any  special  "packing,''  proved  how  largely  the  decomposition  is 
a  surface  effect;  indeed,  we  are  of  the  opinion  that  it  ia  entirely 
so. 

{b)  The  foUofrtng  table  refers  to  a  typical  series  of  experiments  in 
which  the  gas  was  shut  up  in  the  heated  tube  (unpacked)  at 
atmoRpheric  pressure  for  periods  of  time  yarying  from  one  to  60 
minutes : 

Table  I. 


985". 

1. 

986*. 

1000". 

985*. 

low. 

GO. 

Ihu.iliuii  of  litnitiiig  (inins. )  

5. 

15. 

nil 

1-3 

65-25 
33  3 

SO. 

«  g  cr  .  [  Acetylene  

S'B  o  z     Unstitiirattd  hydro- 

=i         o     Methane  .   

0-6 

0*S 

90-4 
8-8 

0*5 

0-5 

75-4 
23'd 

nil 

0-35 

62-85 
36-8 

nU 

nil 
48-2 
51*2 

It  will  bo  observed:  (I)  that  llio  rate  of  decomposition,  for  an 
equal  amount  of  surface  exposed  to  the  gas,  was  about  sixty  times 
greater  at  985*^  than  at  785°  ;  (2)  that  the  formation  of  acetylene 
or  unsaturated  hydrocarbon  cotild  only  be  detected  so  long  as  the 
methane  concentration  exceeded  about  60  per  cent.,  and  (3)  that 
with  lower  methane  concentrations  the  gas  continued  to  l>e  directly 
resolved  into  its  elements  in  contact  with  the  hot  walls  of  the  tube. 
It  should  be  added  that,  in  harmony  with  (2),  only  at  high  methane 
fonceiitrutioDS  was  there  any  indication  of  the  formation  of 
aromatic  hydrocarbons  by  the  appearance  of  a  slight  niist  in  the 
V>nlb  of  the  cooling  worm  when  the  tap  leading  out  of  the  heated  tube 
was  opened. 

(c)  Further  insight  into  the  general  character  of  the  phenomena  is 
gained  by  a  comparison  of  the  pressure  carves  (Fig.  2,  ordinates  = 
pressure  in  mm ;  abscissa*  =  time  in  minutes)  obtained  in  a  series  of 
three  experiments  in  which  the  gas,  in  the  first  instance  undiluted, 
but  in  the  two  subsequent  experiments  diluted  with  either  1  or  3  vols, 
respectively  of  nitrogen,  was  introduced  into  the  hot  tube  (unpacked) 
at  initially  nearly  the  same  pressure.  It  may  be  remarked  that 
in  experiments  of  this  kind  it  is  absolutely  necessary  first  of  all 
to  coat  completely  the  walls  of  the  hot  tube  with  a  layer  of  carbon 
deposited  by  methane  in  course  of  active  decomposition,  for  otherwise 
changes  in  the  surface  conditions  during  an  experiment  would  render 
the  results  Talueless  for  comparative  purposes.  The  curves  obtained 
show  that,  especiayy  in  the  case  of  the  undiluted  methane,  the  rate 

4  L  2 
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of  deoompofiition  ia  daring  the  first  few  minutes  proportional  to  some 
high  power  of  the  concentration,  bat  that  afterwards  it  rapidly 
approaches,  and  finally  attains,  a  value  corresponding  to  a  reaction 
of  the  first  order.  The  coirect  interpretation  of  these  curves  is, 
wo  think,  to  be  found  in  the  fact  that  they  refer  to  a  condition 
of  things  in  which  highly  condensed  layers  of  gas  are  decomposing 
in  contact  with  a  hot  surface.  Sach  layers  would  be  fonned  in* 
stantaneoosly  when  the  gas  was  first  introduced  into  the  hot  vacoousr 
tabe^  and  rapid  decomposition  would  at  once  ensue ;  the  consequent 
outrush  of  hydrogen  from  the  sarface  would  speedily  reduce  the 
methane  concentration  not  only  in  the  sarface  layer,  but  abo  in  the 
main  body  of  the  gas  outside,  thus  setting  up  moie  normal  conditions 


Fio.  8. 


Curve  I.    UndiluUd  meUtane. 

II.    Metham  t^uUd  with  Us  mrn.  vvlumc  of  nitroffm, 
ill,        J,  „  l/iru  tiiiiai  Ua  gum  voLuttu  qf  nUro^, 


in  the  .system.    It  is  clear  also  that  the  formation  of  minute  quantities 

of  acetyleiio  aiid  uusiiniiaLed  hydrocarbon  (including  bensene)  hi  a 
circumstanco  associated  with  ihe  initial  abnormal"  period,  the 
normal  conditions  corre»ponding  with  the  direct  lesolution  of  the 
methane  into  carbon  and  hydrogen  in  contact  with  the  hot  surface. 

{d)  The  next  tx{>i  riiiient  show^  the  effect  of  largely  increasing  the 
surface  exposed  to  thu  g.n.  Tiio  liot  ttihe  was  packed  with  fragment* 
of  quicklime  *  j  the  decomposition  now  became  extremely  rapid,  the 

•  The  use  of  poroas  porcelain  for  thia  purpose  was  found  to  inadmissible, 
owing  to  the  readiuesa  with  wbich  it  ia  attacked  and  ixJuotxi  by  the  meihaiia 
(or  i)o.s,sibly  by  tho  carbon  deposited  from  methane)  at  this  temperature.  How 
atroug  tins  reJuuiug  uctiou  is  may  be  gathered  from  the  fact  tbftt  in  op*  tacpttimeati 
ia  whieb  th«  tube  was  packed  with  this  astiriali  the  gaaei  pontsined  oo  Um  then 
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products  containii)g  only  1*9  per  cent,  of  methane  after  twenty-live 
minute-',  whilst  at  the  end  of  an  hour,  when  equilibrium  was  practically 
established,  only  0'7  per  cent,  remained  (temp,  =  1030°).  The  final 
^seH  contained  2 'ft  per  cent,  of  carbon  monoxide,  formed  by  the 
reduction  of  the  surface  exposed  to  the  gas.  The  curve  showing 
the  methane  concentrations  during  the  first  half  of  the  experiment 
(fig.  3,  ordiiiat68«preB8iire  of  methane  in  mm.;  abeoiBW^time  in 


Fio.  8. 


mins.)  indicates  amneh  more  rapid  setting  np  of  normal "  conditions 
than  in  the  previous  experiments,  where  the  surface  exposed  to  the 
gas  was  very  mnch  smaller.    After  the  third  or  fourth  minute  the 

10*5  per  cent,  of  carbon  monoxide  after  30  minute-s  and  22*5  per  cent,  after 
00  minntM  (nitrogens 0*7  per  cent  only).  We  do  not  know  that  this  strong 
rednciag  aetion  on  porone  poreeUin  hu  been  noticed  before.  In  mmltar  experi- 
meots  with  qnicklime  tlio  action  was  rery  slight,  the  gases  containing  only  2*8  per 
eent*  <tf  carbon  monoxide  after  60  minutes. 
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rate  of  decomposition  assumed  a  value  correspond iiiu'  with  a  reaciion 
of  tlio  first  order,  and  this  was  steadily  maintained  until  the  end 
of  the  experiment.  The  following  table  gives  two  sets  of  values 
for  the  expression  l/dog6'o/6\,  one  for  the  whole  diiration  of  the 
experiment,  and  the  other  in  which  Co  is  taken  as  llie  methane  concen- 
iration  at  the  third  minute :  .a 

Taulk  II. 


C. 

P. 

Methane 

L 

Total  |irei8are 

oonoentrfttion 

lAlogjtVCi. 

lluiotea. 

in  mm. 

in  mm. 

0 

790-0 

694-0 

1 

942  0 

643  0 

0-1062 

2 

lOiO-5 

466-5 

0-0862 

3 

1080-5 

40S-0 

0  0769 

0-0582 

4 

1129-5 

;;ou-6 

0  0711 

0  0560 

6 

11»8*0 

295-0 

0*0619 

0*0490 

8 

1849*0 

216  5 

0-0562 

0  0462 

10 

1396*0 

203  0 

0  0539 

0  0452 

16 

1882'0 

125  0 

0U500 

0  0410 

80 

1446*6 

70-0 

0-0498 

0-0468 

26 

1493*0 

28*6 

0*0666 

0*0628 

KwptrimnUa  at  1150— 1160^.— The  following  typical  series  of 
experiments,  in  which  the  gas  was  initially  admitted  to  the  (unpacked) 
tube  at  1150 — 1160^  under  atmospherio  pressure,  afford  striking 

proof,  not  only  of  the  extraordinarily  great  stability  of  methane  as 
coui|>arod  witl»  other  hydrocarbons  exaniinod  at  this  tem[)orature,  l>ut 
also  of  the  fact  tliat  the  "  normal  "  decomposiliun  does  not  involve  the 
formation  of  acetylene.  For,  except  dnriug  the  first  miiiute,  not  a 
trace  of  acetylene  could  bo  det^jcted  among  the  products,  nor  Wivs 
there  any  indication  of  the  formation  of  aromatic  hydroc^irbons. 
The  gas  was  undoubtedly  resolve«l  directly  into  carbon  and  hydrogen 
in  contact  with  the  hot  walls  of  the  tube.  The  results  of  this  series 
of  experiments  are  tabulated  below  : 


Table  III. 


1160° 

1150" 

1160°. 

1150~11<W. 

1. 

6. 

60. 

180. 

C*6 

nil 

nil 

nil 

44-6 

27-25 

22-3 

915 

64-9 

72-25 

77*7 

90*85 

CharaeUr  of  Ih'  Carbon  obtained  from  Meiham. — The  form  in  which 
the  carhon  was  deposited  from  the  deoomposing  methaM  ai  all 

i 
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temperatures  deserves  special  notice.  It  was  entirely  a  surfsice  deposit 
of  a  peculiarly  hard  and  lustrous  variety,  almost  metallic  in  appenr- 
ance,  and  totally  different  from  the  dull,  8oft  variety  yielded  by 
•  acetyleoei  or  any  of  the  other  hydrocarbons  ezamiocd  under  similar 
conditions.*  This  dronmstance  not  only  harmonises  with  the  yiew  that 
the  decomposition  of  methane  is,  at  these  temperatnres,  a  surface  effect 
entirely,  but  is  inconsistent  with  the  supposition  that  the  {urimary 
decomposition  involves  the  formatipn  of  acetylene,  for  example, 
2CH4  a  O^Hi + 3H||  which  must  now  be  regarded  as  untenable.  More- 
over, it  seems  probable  that  the  peculiar  properties  of  the  '*  gas  carbon  " 
formed  in  the  erown  of  ihA  retorts  daring  the  manafactnre  of  coal  gw, 
as  well  as  the  diaraeteristie  metalHo  lustre  of  the  coke  obtained  in 
eoke^en  practice,  wheoe  high  temperatures  prevail,  are  due  to  this 
"surface"  decomposition  of  methane.  The  general  charscterof  the 
decomposition  also,  in  a  great  measure^  accounts  for  the  comparatively 
feeble  lominosity  of  the  flame  of  methane. 

Experiments  with  Ethane, 

(a)  CtreuhUim  ExptrmitnU  a<  675^ — After  some  preliminary  trials, 
676*^  was  adopted  as  a  suitable  initial  temperature,  the  apparatus  being 
fitted  with  the  necessary  connexions  for  a  "  circulation  "  experiment, 
including  a  series  of  by-passed  sampling  tubes  in  order  that  samples  of 
the  gas  might  be  shut  off  at  intermediate  periods  during  the  experi- 
ment»  without  in  any  way  altering  the  pressure  in  the  apparatus  or 
interrupti  ng  the  course  of  chemical  change.  The  apparatus  so  arranged 
had  a  (opacity  of  about  3  litres.  Pure  ethane,  prepared  from  zinc 
ethyl,  was  set  circulating  through  the  heated  (unpacked)  tube 
(7'=675°)  at  an  initial  pressure  of  248  nun.;  tiiis  low  pressure, 
together  with  the  fact  that  the  temperature  of  the  hot  tube  was  well 
below  that  at  which  methane  begins  to  deconipose  in  similar  cir- 
cumstances, would,  it  was  thought,  make  it  easier  to  discover  the 
character  of  the  primary  reaction.  The  gas  decomposed  fairly  rapidly, 
the  pressure  in  the  apparatus  increasing  by  more  than  HO  per  cent, 
within  three  hours,  after  which  it  remained  nearly  constant.  In  the 
spiral  condenser,  which  was  kept  at  0"  thron^'hout  the  experiment, 
there  ap[»€ared  a  few  minute  crystals  of  naphthalene  mingled  with 
I  races  of  a  tarry  sulistance,  but  curiously  enough  no  benzene  could  be 
delected. 

Analyses  of  samples  of  the  gas  (see  table  IV.  below)  shut  off  in 
the  by-passed  tubes  at  intermediate  points  during  the  experiment 
revealed  the  formation  of  much  ethylene  and  hydrogen,  but  compara- 

*  Except,  of  course,  in  &o  far the  other  hydrocarbous  may  }  iuld  the  hanl  variety 
as  tbs  TBaii]t  of  the  aeoondary  doconiposition  of  raothase. 
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lively  small  quantitiefl  of  acetylene  during  the  initial  stages,  followed 
by  a  considerable  accumulation  of  methane,  at  the  expense  of  ethylene, 
towards  the  end  of  the  process.  Carbon  was  also  deposited  in  the  hot 
tube: 

Table  IY. 


Temparaiun  «•  676^   InUvU  Pnmir$  rf  BUiaw  »  248  nun. 


3. 

6. 

A/A*   

1-47. 

1-70. 

(1-8). 

1*87. 

^s^^^llil'^r;;.-.::::;::::-:: 

4-1 
24-7 
84  7 

8-4 
S8*l 

5  1 
24-1 

9-8 
19*9 
41*1 

2-8 
16-4 

7-3 
82*9 
40*6 

1-9 
0-7 
2  0 
54*9 
40*9 

*  Batio  of  the  pnsaaie  in  the  appaiatos  to  the  initial  pmnire. 


On  repeating  the  experiment,  it  was  fonnd  that  an  initial  pressure 
of  221  mm.  (corresponding  with  1*20  gnums)  of  ethane  ultimately 
gave  rise  to  207  mi&.  of  hydrogen,  213  mm.  of  methane^  3  mm.  of 
acetylene,  as  well  as  0*4  gram  (at  least)  of  a  soft^  flaky  variety  of 
carbon  and  abont  0*05  gram  of  almost  pore  naphthalene,  bnt  no 
benwne.  At  an  intermediate  point  daring  the  experiment,  when 
about  86  per  cent,  (that  is,  189  mm.)  of  the  original  ethane  had 
disappeared,  the  gaseous  products  contained  as  much  fas  19  per  cent, 
of  ethylene. 

The  above  facts  are  clearly  inconsistent  with  Berthelot*8  view  thai 
the  primary  decomposition  of  ethane  may  be  represented  by  the 

equation 

2C,Ha  -  C,H^ + aCH^  + 

or,  indeed,  w  iili  any  otlier  theory  involving  the  prominence  of  acetylene 
among  the  initial  products.  On  the  othfr  hand,  they  certainly 
suggest,  and  taken  by  tliemselves  apart  from  any  other  evidence 
might  almost  seem  to  prove,  tliat  the  sequeuce  of  clianges  may  be 
represented  by  the  following  scheme  : 

But,  as  will  be  shown  later,  this  cannot  be  considered  as  portraying 
the  real  mechanism  of  the  process,  although  in  a  emd^  way  it 
expresses  its  outward  character. 

(S)  BxparimenU  <U  800°. — (1)  At  this  temperature  ethane  decern* 
poses  so  rapidly  that  the  adoption  of  the  *'  circulation  "  method  was 
quite  out  <^  the  questioD.   Accordingly,  we  had  to  be  content  with 
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shntting  up  the  gas  in  the  hot  tube  (unpacked)  for  definite  periods  of 
time,  keeping  a  sharp  look  out  for  the  appearance  of  any  mist  in  the 
bulb  of  the  spiral  condensor  when  the  products  were  finally  allowed 
to  escape  out  of  the  zone  of  reaction.  In  considering  the  results  of 
the  following  typical  series  of  experiments,  it  must  be  borne  in  mind 
that  the  rate  of  decomposition  of  methane  under  similar  conditions 
was  found  to  be  ne^lii,'ible,  except  when  the  heating  was  j>rolonged 
beyond  thirty  minutes ; 

Tablb  Y. 


81(r, 

806^ 

810-815*. 

810^. 

810-816*. 

1. 

5. 

15. 

80. 

60. 

Api>earaiico  in  s]>iral  cou- 

Yollow 
nii.st  and 
deposition 
of  crystala. 

White 
niist, 
no 
crystals. 

No  appearance  of  either 
inist  or  eiyst«lt. 

2  g  o  1^  C.H,   

Si-J|2  CH,*   

.H,   

1-90 
11-20 
17-90 
81*30 
87-70 

1  20 
4-40 
2-40 
54-66 
37-45 

0-50 
0-75 
nil 
64-66 
84-10 

trace 

nil 

nil 
66*0 
84'0 

nil 
nil 
nU 
68-75 
86*25 

Ratio  GHJll^  in  products. 

0*88 

1*46 

1-60 

1-94 

1*75 

It  18  evident  from  the  composition  of  the  gasei  at  the  end  of  a 
minute,  not  only  that  ethylene  is  still  prominent  among  the  primary 
prodncts  at  this  temperatare*  hut  also  that|  whilet  aoetjlene  and 
aromatic  hydrocarhons  oould  he  detectedi  they  were  never  ptesent  in 
saffidently  large  amonnte  to  he  regarded  as  really  important  factors. 
The  most  striking  feature  ahout  these  results  is,  however,  the  xapid 
accumulation  of  methane  in  the  products ;  thus,  the  ratio  of  methane 
to  hydrogen  increased  from  0*83  at  the  end  of  a  minute  to  as  much  as 
1*94  at  the  end  of  thirty  minutes,  during  which  period  all  other 
prodncts  except  carhon  had  entirely  disappeared.  So  high  a  ratio  as 
1*94  is  ohviously  inconsistent  with  the  scheme 

^2^c,  ^      +  ir.  =  c  +  cii,  +  Hj, 

and  for  a  long  time  wo  were  quite  unable  to  account  for  it.  The 
supposition  that  it  might  be  due  to  the  secondary  decomposition  of 
aromatic  hydrocarbons  was  at  once  disproved  when  submitted  to  the 
test  of  experiment.  Several  other  possible  explanations  were  similarly 
diBmissed. 
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(2)  Finally,  we  were  compelled  to  look  for  a  solution  of  the  difficulty 
in  i-onio  kind  of  chango,  whereby  hydrogen  disappears  and  methane 
is  generated.  A  long  search  for  sucii  a  procesH  led  to  the  discovery 
of  a  hitherto  un8uspecte<l  and  iraportiint  fnctor  in  hydrocari/uu  decom- 
positions, namely,  the  formation  of  methane  by  the  direct  hydro- 
genatiou  of  either  gaseous  carbon  itself,  or,  more  probably,  of  such 
residues  as  :CH,  !CH.„  or  'CHg,  which  may  conceivably  arise  l»y  the 
initial  breaking  down  of  a  bydrocarboo  molecule  in  an  atmosphere 
rich  in  hydrogen. 

The  proof  that  such  a  factor  is  really  operative  at  high  temperatures 
is  furnished  by  the  following  comparative  experiments  on  the  relative 
amounts  of  mefebaDe  formed  when  ethane,  diluted  to  an  equal  degree 
with  (a)  nitrogen  and  (6)  hydrogen,  is  completely  decomposed  under 
conditions  precluding  any  hensible  loss  of  methane.  These  conditions 
it  was  found  were  fultilled  by  separately  shutting  up  mixtures 
corresponding  with  CgU^  +  SN,  and  C^Hg  +  ^H^  respectively  at  atmos- 
pheric pressure  in  the  hot  tube  at  800*^  for  an  hoar  in  each  case. 
Four  separate  experiments  were  carried  out  with  each  of  the  two 
mixtures;  the  ethane  was  in  all  cases  completely  decomposed,  the 
ultimate  products  consisting  of  carbon,  hydrogen,  and  methane  only, 
the  percentage  amounts  of  the  last  named  being  as  follows : 

Perceutage  ntelbaiie  ubtuiucd. 

^  '         ■  MfMll. 

^  .  .    ,    .  ,      /('..TT„4  :'.N",   is  r.,  17-15,  18-3,  lS-7  18-15 

original  ™«">r«  ^(Vu^+aU.   -12  »,  aS'O,  43  »,  40  15   41*25 

It  is  dear  that  with  an  inert  gas,  such  as  nitrogen,  as  the  diluent, 
the  ultimate  result  corresponded  very  nearly  with  the  equation 

O A + 3N,  -  C -f  CH« + 4- 3 

whereas,  under  similar  conditions  with  the  active  hydrogen,  about 
80  per  cent,  of  the  carbon  originally  present  appeared  as  methane  in 
the  products,  as  though  the  change  had  been  principally 

a,H,.  +  3H,  =  2CH,  +  2ir,. 

This  striking  diilerence  can  only  be  ;vttri]aitid  to  the  operation  of  a 
cause  such  as  the  one  indicated  above,  and,  as  will  be  shown  later,  the 
same  thing  also  applies  in  the  cases  of  both  ethylene  and  acetylene, 
the  theory  may  be  accepted  as  having  a  solid  basis  of  fact. 

(o)  Experiments  at  1000"^. — At  this  temperature  we  were  operating 
under  conditions  admitting  of  the  slow  decomposition  of  methano,  so 
that  this  product  rapidly  accumulated  at  first,  but  afterwards  dimiu- 
i^bed  in  amount  as  the  heating  was  continued,  as  the  following  typical 
series  of  experiments  indicate : 
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Tablb  YL—Te,nperalure=\QOO°. 


1. 

2-5 
G-9 
5-5 
82*6 
58-5 

6. 

aa 

180. 

& «  

0  55 
1-80 

ri5 

41 -lis 

0  50 
0-2 
nil 
87*1 
61-2 

o;i 

nil 
nil 
25*6 
74-1 

0-77 

0*60 

0*84 

The  fact  that  we  were  jojtt  able  to  discern  the  appearance  of  a  white 
mist  in  the  sphml  oondenfler  of  the  apparaiiu  when  the  heating 
extended  over  one  minate  onljy  bat  none  at  all  after  flt^e  or  more 
minutes,  induced  ns  to  attempt  an  estimation  of  the  amounts  of 
aromatic  hydrocarbons  formed  during  the  initial  periods  of  the 
decomposition  in  the  followiiig  special  experiment* 

Ten  litres  of  ethane  (13  grams)  were  passed  through  the  heated 
tube  {T^lOW)  at  a  speed  such  that  each  portion  of  the  gas  would 
not  remain  in  the  zone  of  reaction  for  longer  than  about  lialf  a 
minute.  The  issuing  gases  were  passed  through  a  weighed  condcDser 
exlernally  cooled  by  ice.  The  amount  of  condensable  hydrocari>oiis 
obtained  did  not,  however,  exceed  0*5  gram,  or  about  4  per  cent,  of 
the  weight  of  the  original  ethane.  This  fact,  together  with  the 
inj^ignificant  amounts  of  acetylene  formed  at  this  temperature,  is 
clearly  inconsisteuL  with  any  form  of  "  acetylene "  theory,  and  also 
completely  disposes  of  JWthelot's  view  that  carbon  arises  only  as  the 
result  of  a  long  sequence  of  condensations  in  which,  heavy  aromatic 
hydrocarbons  play  a  principal  role. 

(d)  Experiments  at  1140—1185'. — ^Ethiine  is  phenomenally 
unstable  at  this  temperature,  being  ^carcely  able  to  survive  a  single 
rapid  passage  through  the  hot  tube.  The  followiug  resuUs  show  that 
at  the  end  of  five  minutes  nothing  remained  besides  carbon,  hydrogen, 
and  methane,  the  latter  undergoing  fairly  rapid  resolution  into  its 
elements.  The  large  amount  of  methane  at  the  end  of  five  minutes 
is,  from  our  point  of  view,  a  very  significant  feature  of  the 
decomposition : 
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Table  VII. 


114a--1150*. 

11S0-^U80". 

1176*. 

1180-1186*. 

& 

IS. 

SO. 

00. 

tnco 

S7-0 

7S-0 

nil 
12-76 
87*25 

dU 
10-8 
80-1 

ml 
0-0 
91-0 

Fmp9rim€nt$  with  Ethylene. 

Expmimmta  at  670 — 580°. — At  this  temperature  the  gas  changed 
rIowIj  enough  to  enable  us  to  bring  the  "circulation "  apparatus,  with 
its  by-passed  sample  tubes,  into  operation.  The  initial  pressure  of  the 
gas  was  365  mm. ;  the  heated  tube  was  kept  at  570°  to  580^,  and  the 
gas  iiapidly  circulated  in  the  apparatns  daring  two  and  a-half  hoofS. 
The  first  of  the  intermediate  samples  was  shnt  up  within  a  few  minutes 
of  the  oommenoement  of  the  espetiment,  after  about  one-fourth  of  the 
original  ethylene  had  deoompoeed ;  there  was  a  slight  fall  in  pressore 
in  the  apparatus  as  the  experiment  prooeeded,  and  the  course  of  the 
decomposition  was  marked  by  the  expulsion  of  brown  vapouis  horn 
the  hot  tube.  These  vapours  condensed,  forming  a  viscous  tar  in  the 
spiral  condenser;  very  little  carbon  was  deposited  in  the  hot  tube 
(about  0*011  gram  only,  or  0*75  per  cent,  of  the  weight  of  the  carbon 
in  the  original  gas).  The  results  of  the  experiments  will  be  better 
understood  if  the  compositions  of  the  gases  at  various  periods  are 
expressed,  not  in  percentages  as  usual,  but  in  terms  of  the  actual 
pifftial  prsBsores  of  the  several  constituents  under  constant  volume, 
as  shown  on  p.  1217.  V 

The  phenomena  at  this  temperature  are  evidently  very  oompHex. 
Acetylene,  ethane,  methane,  hydrogen,  and  aromatic  hydrocarbons  ijire 
all  produced  in  quantity,  but  the  amouut  of  carbon  which  actua^§ly 
separates  is  negligibly  small.    It  is  to  be  particularly  observed  (4) 
that  whereas  methane  rapidly  and  continuously  accumulated  during 
the  experiment,  the  hydrogen  accumulated  up  to  a  certain  point  only 
(CO  mins.),  after  which  it  diminished  slightly  ;  (2)  that  the  quantity  of 
acetylene  formed  exceeded  that  met  witli  in  the  experiments  \i{X)n 
ethane,  and  at  the  end  of  the  first  minute  amounted  to  as  much  as 
about  12  per  cent,  of  the  gases  present,  and  (3)  that  the  amount  of 
carbon  in  the  gases  progressively  diminished  during  the  experiment 
until  finally  it  was  just  half  that  oontained  in  the  original  ethylene. 
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Table  Ylll.—Teniperalure  =570—580°.    InituU  Partial  Pressure 

of  C  JT^  =  365  mm.  =  7oO  UnUif  of  Carbon. 


1. 

2. 

a. 

4. 

5. 

6. 

7. 

2. 

15. 

80. 

45. 

60. 

75. 

150. 

o « X  rc,H  

^  1  U"*  

278*5 

43-0 
12-8 
161 
17  •» 

177*0 

26-5 
28-7 
54*6 
72*0 

148*0 

'20-5 
*297 
67*6 
98*1 

120*0 

22-5 
29-4 
77-1 
101*0 

104*5 

26-5 
27  3 
90-0 
102*0 

94*0 

310 
24-0 
96-6 
97*4 

88*5 

23  0 
9-9 
182  8 
98  0 

Toial  pressure  iu  luiii... 

362  f* 

359  0 

354 

851 

350 

342 

842 

Unita  of  carbon  in  gases 

672-7 

1  519 

1  454 

421 

,  406 

S93 

365 

a  ciicumstaDce  which  indicates  a  oonttouous  formation  of  aromatic 

hydrocui  buus,  mainly  due  to  the  polymerisation  of  acetylene  or  :CII 
residues.  In  respocL  of  (.'i),  it  is  interesting  to  note  how  gre;it  is  the 
contrast  between  the  behaviour  of  eilmneand  ethylene  at  low  tempera- 
tures, for  whereas  it  was  found  that  ethane  ultimately  yielded  much 
carboD  and  very  little  aromatic  hydrocarbons  as  it  slowly  decomposed 
at  675°  quite  the  reverse  was  observed  in  the  case  of  ethylene.  This 
difference  is  to  be  attributed  to  the  fact  that  acetylene  is  one  of  the 
principal  primary  products  in  the  decomposition  ol  ethylene  at  low 
temperatures,  whereas  it  is  never  a  prominent  factor  in  the  case  of 
ethane. 

But  whilst  we  agree  with  I.ewes  in  regarding  acetylene  as  a  primary* 
product  of  the  decomposition  of  ethylene,  tlie  large  accumulation  of 
hydrogen  in  the  above  experituent  without  a  corresponding  separation 
of  carbon  at  once  disposes  of  his  contention  that  the  main  decom- 
poBition  may  be  represented  by  the  equation 

becausoy  in  such  a  case,  free  hydrogen  oonld  only  arise  by  the  secondary 
resolution  of  the  acetylene  into  its  elements.  Moreover,  daring  the 
first  thirty  minutes  of  the  experiment,  the  rate  of  accumulation  of 
methane  was  only  about  one-third  of  the  rate  of  disappearance  of  the 
ethylene,*  instead  of  two-thirds  of  this  tatey  as  demanded  by  Lewes' 
equation. 

*  During  tho  interval  between  0  and  30  miiiutes,  222  mm.  of  ethyleuo  dLi* 
uppvareU,  but  ouly  6?  u  turn,  ot  Uiuthtuiu  wuiu  pruduccd. 
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The  experiment  also  proves  that  the  equation 

C,H4  =  C+0H4 

does  not  represent  the  main  ciiaiige  at  this  temperatara.  This  may  at 
first  sight  seem  inconsistent  with  what  has  been  said  respecting  the 
decomposition  of  ethane  at  low  temperatures,  hot  the  apparent  incon- 
sistency only  emphasises  tbe  hopolossness  of  attempticg  to  express  tlie 
mechanism  of  these  procosses  by  means  of  ortliuiUT  chemical  equations, 
and  the  necessity  of  regarding  the  phenomena  from  the  standpoint 
advocated  in  this  paper. 

/C.rf)eriinent8  at  700 — 720°. — The  results  of  two  experiment??  at  this 
temperature,  witli  tiie  apparatus  set  up  in  the  ordinary  way  (that  is, 
without  the  circulation  arrangements),  may  be  quoted  in  support  of 
the  foregoing  argument,  as  foUows : 

Temperature   TSO*.  700°. 

Time(niin8.)   10.  30. 

«>  a  .     rr^H,    3-75  2-4 

^".2  s  a-  I  Benzene,  kc   1  "25  traces 

s  f  II  K'^H,    63-20  27  -1 

•      g           1C,H«    8-36  12  0 

tSg-si.  CH,   20-1  37  1 

*^8*'*^lH,    8-85  21-8 

Experimentti  at  800°. — {a)  The  chief  interest  of  this  series  of  experi- 
ments lies  in  the  fact  that  the  conditions  precluded  any  appreciable 
decomposition  of  methane  during  the  time  required  (fifteen  minutes) 
to  effect  the  disappearance  of  90  per  cent,  of  the  original  ethylene. 
There  was  a  small  increase  in  pressure  during  the  first  five  minutes 
(namely,  750^790  mm.),  after  which  it  remained  practically  constant. 
The  percentage  compositions  of  the  gaseous  products  are  shown  below : 


Tabub  IX. 


Time  (mina.) 

1. 

6. 

15. 

30. 

g  Ig  1 :  c,H,  

«c5  '•'p.hi^  

3-00 
57*25 

8-25 

29-40 

710 

23-90 
1-40 

f.  00 
53-40 
17-00 

S-8& 
9-65 

1-80 
64-45 

20 -7  S 

nil 
0-9 
nil 
67-7 
•  SI -4 

Comparing  these  results  with  those  obtained  at  570^»  it  may  be 
oheerved  (1)  that  there  was  a  much  krger  separation  of  carbon  and  a 
smaller  formation  of  aromatic  hydrocarbons  at  the  higher  temperature, 
and  (2)  that,  whilst  both  acetylene  and  ethane  were  sUU  produced, 
.aJthoogh  to  a  l.ess  extent  than  at  570^,  there  was  a  much  larger  fotfua* 
tion  of  methane,  the  ratio  of  methane  to  hydrogen  never  falling  below 
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3*0  as  compared  with  usually  less  than  1*0  at  the  lower  temperature. 
This  .is  proliably  due  to  the  direct  hydrogenation  of  such  residues  as 
!GH,  or  !GH,  which  certainly  comes  prominently  into  play  at  ibis 
temperature,  as  the  followiDg  experiments  prove. 

(6)  In  these  experiments,  mixtures  corresponding  with  CjH^  +  3N2 
and  CjII, +  31Io  respectively  were  separately  maintained  at  800^  for 
an  hovir  in  the  same  apparatus,  and  liie  methane  in  the  I'mal  products 
8u])3eciuently  deti-nuiued.  The  duration  of  the  healing  sufficed  not 
only  to  decompose  the  whole  of  the  original  ethylene  in  each  case,  but 
also  to  destroy  any  acetylene,  ethane,  or  aromatic  products,  whilst 
practically  the  whole  of  the  meth me  produced  would  survive.  The 
following  statemeiit  as  to  tl»e  percentages  of  amounts  of  methane 
obtained  in  four  dilTerent  experiments  with  each  of  the  two  mixtures 
proves  how  remarkably  active  hydrogen  is  at  this  temperature  : 


Pwreentage  of  methan«  fotmd. 


Mean. 

Orilrinal  mixture   15-45,  137.    13-4,  12-6.5   13  8 

ur?gmaimiXluro^^,^jj^^3„^    ^2-6,   40  St),  44-3,  46  30   43  5 


RaUo  1|4  =  8*15. 
^  18*8 

ExperiintiUa  at  950°. — At  this  temperature  90  per  cent,  of  the 
ethylene  decomposed  within  a  minutey  and  scarcely  any  of  it  survived 
after  fifteen  minutes.  Much  carhon  separated,  and  the  production  of 
aromatic  hydrocarbons  was  correspondingly  small.  It  will  be 
observed,  from  the  table  of  results  §;iven  below,  (1)  that  acetylene 
was  detected  in  the  products  after  one  and  five  minutes,  but  not  sub- 
sequently, and  (2)  that  the  methane/hydrogen  ratio  in  the  products 
never  exceeded  1'65>  and  rapidly  diminished  as  th^  experiment  was 
prolonged,  a  circumstance  due  to  the  continuous  ssoondary  de- 
composition of  the  methane,  which  was  accompanied  by  a  steady  rise 
in  pressure  in  the  apparatus,  namely,  from  about  750  to  950  mm. : 


Tabm  X.   TwnpttraHium  -  950^. 


1. 

6. 

• 

15. 

80. 

60. 

— » 

s 

PerceuU;;o  rCjlI,  

3-50 
8*70 

r.  I  -7.'. 

33-10 

0-35 
1*65 

48-  35 

49-  65 

trace 

44-75 
54-15 

trace 
tnoe 

38-20 
61-30 

oil 
nil 

71-9 
23-1 

N.B. — No  ethane  could  be  detected  iu  the  proilucts. 

An  attempt  wa.s  made  to  estimate  the  yield  of  aromatic  hydro- 
carbons at  this  temperature  by  pa>biiig  10  liti'^s  of  ethylene  through 
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tbB  hoi  tabe  of  the  appumfcUB  at  a  Tate  oomeponding  with  a  period 
of  one  and  a-half  miniitefl^  heatiiig  for  each  raocesBiYe  portion  of  the 
gas.  The  reenlte  showed  that  not  more  than  about  4  per  cent,  of  the 
gas  was  converted  into  condensable  products. 

Jgxp9nm$tU»  ai  1180^.— The  following  series  of  experiments  show 
little  else  than  the  rapid  and  complete  resolution  of  ethylene  into 
carbon,  hydrogen,  and  methane  at  this  temperature.  IncidentaUy, 
also,  the  relatively  great  stability  of  methane  is  again  strikingly 
demonstrated.  Moreover,  as  might  be  eixpeeted,  the  foimation  of 
ax'omatic  hydrocarbons  was  negligibly  small : 


Table  XI.    Tmp&ratur^  «  1180°. 


Time  (miiis.) 

5. 

IS. 

80. 

00. 

240. 

0-  50 

1-  76 

25-20 
72-56 

tr*ce 
0-70 
23-35 
76*95 

tiaoe 
nU 

20-9 
79-1 

trace 
ml 

161 
88-9 

ml 
nil 
5-8 
94-2 

£mp€rimenU  with  Ac9tifUne» 

Experinienis  at  480 — 500°. — A  "circulation"  experiment  proved 
that  the  principal  change  at  this  temperature  is,  as  might  be  expected, 
one  of  polymerisation.  The  gas  was  circulated  over  a  surface 
composed  of  fragments  of  porous  porcelain  contained  in  a  short  Jena 
glass  combustion  tube  heated  to  the  required  temperature  in  a  Ix>thar 
Meyer  constant  temperature  furnace.  The  total  capacity  of  the 
apparatus  was  3550  c.c,  that  of  the  heated  tube  about  100  ox;,  and 
each  circuit  was  completed  in  about  forty-five  minutes. 

Starting  "  all  cold  "  with  a  pressure  of  500  mm.  of  soetyleoe,  the 
temperature  of  the  furnace  was  slowly  raised  to  440^  in  two  and  a-half 
hoars,  and  to  480°  by  the  end  of  five  hours^  the  preesure  falling  to 
430  mm.  during  this  period.  The  experiment  was  continued  for  fifteen 
hours'  longer,  with  the  following  results : 


Tiiiw  ia 

Prenure 

Time  in 

Pressure 

honit. 

mm. 

hours. 

Temp. 
490" 

mm. 

0to5 

15  to  480* 

500  to  430 

11 

308 

6 

491 

399 

12 

488 

295 

7 

498 

882 

14 

488 

270 

8 

492 

800 

18 

482 

849 

9 

498 

342 

17 

480 

243 

10 

492 

324 

20 

480 

218 

The  pressure  curFC^  for  the  period  five  to  twenty  hours,  is  repro- 


Digitized  by  Google 


DECOMPOBinON  OP  HYDBOOARBOKS.    PAST  I.  1221 


daoed  in  Fig.  4.  Analysis  showed  that  the  residual  213  mm.  of  gas  at 
the  end  of  the  experiment  comprised  : 

C,H,  =  8«,  C,tt^  =  29,  0,H^  =  32,  UH^^ia,  and  Hg=:48  mm. 

It  would  therefore  appear  that  of  the  412  mm.  of  acetylene  which 
disappeared  during  the  experiment,  about  195  mm.  (or  48  per  cent.) 
had  polymerised,  160  mm.  (or  39  per  cent.)  had  [decomposed  into 
carbon  and  hydrogen,  whilst  the  remaining  57  mm.  had  been 

'*  hydrogenised,"  yielding  ethylene,  ethane,  and  methane. 

With  regard  to  the  "condensed  **  products,  the  whole  of  the  porous 
porcelain  in  the  heated  tube  was  coloured  dark  brown  or  black  during 
the  experiment,  and,  on  extraction  with  chloroform  in  a  Soxhiet 
apparatus,  tarry  matter  was  removed,  leaving  the  surface  block  by 


Fio.  4. 


600 


400 


300 


— 

1  

1  

1 

r 

4 

1         ;»    i         «    i     8    tt   lu   11   i;i  18  II  16   itf  17 


reason  of  carbon  impregnation.  In  the  spiral  condenser  of  the 
apparatus,  which  had  been  externally  cooled  with  solid  carbon  dioxide 
throughout  the  experiment,  a  few  drops  of  a  limpid  liquid  with  an 
aromatie  odour  and  a  green  tinge  had  ooltected. 

JTa^Mn'mstite  ai  650°. — A  stmihir  circulation "  experiment  was 
made  at  650^.  Starting  with  the  cold  reaction  tube  and  a  pressure  of 
510  mm.,  the  temperature  of  the  furnace  was  raised  to  650*^  in  an 
hour,  during  which  the  pressure  fell  to  330  mm.  The  experiment 
was  continued  for  seven  and  a-luvlf  hours  longer,  at  the  end  of  which 
the  pressure  wiis  154  mm.  Brown  vapours  wore  eontintiougly  expelled 
from  the  hot  tube,  and  condensed  in  the  cooled  spiral.  The  pressure 
record^  were  as  follows : 


VOL.  XUlil. 


4  M 
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Time  in 

Pressnre  ' 

Time  in 

Pressnre 

hours. 

Temp. 
16" 

mm. 

hours. 

Temp. 

nun. 

0 

510 

3 

650° 

200 

600 

475 

4 

643 

180 

1 

G20 

838 

f) 

647 

172 

n 

640 

276 

6  . 

647 

168 

a 

240 

24 

642 

217 

The  resid 

ual  15  i  mm 

of  gas  comprised  : 

=  19,  C3H^  = 

15,  C,U,= 

2,  CH,= 

45,  and  H,=  70 

mm. 

The  weight  of  acetylene  originally  charged  into  the  apparatus  was 
2*59  grams  (that  is,  2*39  carbon,  and  0*20  hydrogeo).  Of  this,  1*56 
grams  (or  about  60  per  cent.)  polymerised,  0*75  gnim,  or  as  nearly  as 
possible  30  percent.)  was  resolved  into  carbon  and  hydrogen,  the 
remaiDiDg  10  per  cent,  appearing  as  hjdrogenised  "  products,  that  is, 
as  ethane,  ethylene,  and  methane. 

Bs^MfimnUB  at  800°. — (1)  The  gas  decomposed  so  rapidly  at  this 
temperature  thAt  the  *'  circulation  "  method  was  abandoned  in  favour 
of  the  fordinarj  arrangement  of  the  apparatus.  Moreover,  except 
when  the  gaa  was  largely  diluted  with  nitrogen  or  hydrogen,  it 
always  flashed  "  as  soon  as  it  cmtered  the  hot  vacuous  tube,  so  that 
its  temperature  most  momentarily  have  been  considerably  higher  than 
was  recorded  by  the  pyxometer.  The  greater  part  of  the  gas  was 
undoubtedly  decomposed  during  this  momentary  *' flashing,"  but  at 
the  end  of  a  minute  there  still  remained  about  25  per  cenL  of 
acetylene  undergoing  more  or  less  rapid  change.  The  results  of  -a 
typical  series  of  experiments  are  tabulated  below  : 


Table  XII.   Tmpiratum  -  795<^— 800°*. 


Time  { 

mills.) 

1. 

6. 

16. 

60. 

n,   

25-9 

7-3 

1  -35 

nil 

4  2 

2-7 

uil 

uil 

2*66 

0-7 

oil 

kU 

ii*l|1 

l.'i-OO 

35-3 

37-65 

43-0 

^Lllj  

{»2-25 

54-0 

61 -op 

67 -0 

The  appearance  of  a  mist  in  the  spiral  condenser  in  the  one  minute 
experiment  showed  that  polymerisation  still  occurs  at  this  temperature^ 
but  owing  to  the  "  flashing"  of  the  gas  the  conditions  did  not  admit 
of  any  quantitative  determination  of  the  relative  amount-  of  givs  so 
affected ;  it  was,  however,  quite  small,  although  there  can  be  no  doubt 
that  it  would  have  been  much  larger  had  no  "  flashing  "  occurred. 

The  most  important  feature  of  the  above  experiment  is  the  lar^e 
formation  of  methane,  especially  during  the  quiet  Jecompositiou 
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wliich  supervened  after  the  "flashing"  had  subsided,  and  when  the 
atTn()sj)hero  was  rich  in  hydrogen.  The  fact  that  the  final  products 
obtained  after  sixty  minutes  contained  no  le«s  than  43  per  cent,  of 
mctliiiiie  is  difficult  to  explain,  except  on  the  supposition  of  a  direct 
"  hydrogenation  "  of  iCH  residues,  formed  by  the  initial  breaking 
down  of  acetyleoe  molecules  across  the  triple  boad  between  tlie 
carbon  atoms. 

(2)  The  above  supposition  was  oonfirmed  by  a  series  of  comparative 
experiments,  in  which  miztores  corresponding  with  C^H^  +  3Nj  and 
C,H,-f-3IIo  respectively  wtre  kept  in  the  hot  tube  at  800^  for  an 
hour,  and  the  percentage  of  methane  in  the  products  determined* 
The  roHuits  of  four  different  experiments  with  eaeh  mixture  are  given 
below,  and  need  no  further  comment : 

Pflroentage  of  inethaiie  foand. 

f  •  ^  Mean. 

(3)  Some  reference  to  the  phenomenon  of  dashing"  may  be 
appropriately  made  in  this  connexion.  Lewes  claims  for  acetylene  the 
peculiar  property  of  what  may  be  termed  "  incandesoent  decomposition 
at  high  temperatures,  which  he  regards  as  the  sole  cause  of  the 
luminosity  of  hydrocarbon  flames.  Haber,  on  the  other  hand,  has 
denied  that  acetylene  axhibito  this  property,  except  when  mixed  with 
small  quantities  of  oxygen.  So  far  as  our  own  experimente  are 
concerned,  it  should  be  steted  that,  whilst  entirely  dissenting  from  the 
acetylene  theory  of  luminosity,  which  is  not  at  present  under  dis- 
cussion, we  agree  with  Lewes  in  regarding  the  luminous  decomposition 
of  acetylene  at  high  temperatures  as  a  property  of  the  gas  itself,  and 
in  no  way  dependent  on  the  presence  of  oxygen. 

iRejMrtjnsnft  9l  Bighsr  rempimUiirw.— The  resulte  of  numerous 
experiments  both  at  1000°  and  1100—1160°  showed  that  the 
amount  of  polymerisation  diminished,  and  the  direct  decomposition 
into  carbon  and  hydrogen  increased,  as  the  tempemture  was  raised. 
But,  at  the  same  time,  considerable  quantities  of  methane  still 
appeared  in  the  prodocte,  and  it  is  significant  that  the  maximum 
percentage  of  methane  always  nearly  coincided  with  the  disappearance 
of  the  last  tracee  of  acetylene.  The  large  formation  of  methane, 
which  greatly  exceeded  the  equilibrium  proportions  at  these  tempera- 
tures, must  be  attributed  to  (lirect  "hydrogenation"  of  :0H  residues. 
Tlio  results  of  two  typical  series  of  experiu»unts  are  recorded  on  page 
1224. 
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Table  XIII.    Tmpwai/art  »  lOOCK 


Time  (mint.). 

• 

1. 

6. 

60. 

o 

^  o  ^  ~  i  en 

£8-  »S,U,  

18-86 
2-06 
19*10 
66-00 

• 

1-85 
0-85 

20-t>5 
7716 

nil 
nil 

14-75 
86-25 

Tablb  XIV.   Temperature  -  1120^115(P. 


Tinie  (niiiis.) 

1      ,.      1  6. 

1 

16.     1  76. 

1 

180. 

o 

1  1  =  ?  J  J  ^>"4  

P  -  ^  i  "H  1  ^  'H4   

|8-*s,Ih.   

10.0  0-8 
2  0  nil 
16  0  21-3 
72*0     1  78-4 

nil 
nil 
16-1 
83 '9 

nil 
nil 
7-75 
92  25 

nil 
nil 

3  0 
97-0 

C&mparaiive  BsqmimtniB  on  ik$  RdaUve  AmouniB  nf  Po^iiMruafim 

erf  Different  2WfMKi<i(rs». 

As  it  seemed  desirable  to  estimate  the  relative  amounts  of 
polymorisjition  at  dilTeient  temperatures  l)€tween  800°  and  1150^ 
under  conditions  calculated  to  eliminate  a.s  far  as  possible  the  i'fTe<^ts 
of  "  flashing  "  already  referred  to,  compai-ative  experiments  were  made 
in  the  following  manner.  The  porcelain  tube  of  the  apparatus  was 
first  of  all  heated  to  the  desired  temperature,  and  thoroughly 
exhausted.  Acetylene  was  then  admitted,  and,  as  soon  as  the 
initial  disturbance  due  to  <*flaiihing"  had  subsided,  the  pomp  was 
set  working  so  as  to  draw  a  continuous  stream  of  gas  at  a  constant 
rate  of  about  4  litres  per  hour  throngh  the  apparatus.  In  this  way 
it  was  found  that,  except  at  the  moment  of  the  initial  admission  of 
the  gas  into  the  hot  vacuooa  tube^  no  **  flashing "  occnrred,  the  gaa 
undergoing  quiet  decomposition  as  it  passed  through  the  aone.  of  high 
temperature.  F^nscticallj  the  whole  of  the  acetylene  was  decompoead 
in  each  experiment;  the  amounts  of  polymerisation  observed,  as  well 
as  the  compositions  of  the  gaseous  products,  are  tabulated  on  p.  1225. 
Attention  is  directed  to  the  large  amounts  of  methane  formed. 
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Tablb  XV. 


Tempentoie 

800*. 

1000*. 

1150*. 

vjv* 

0-59. 

0-66. 

0-77. 

Perceiitago  acetylene 
polymerised 

19. 

7-5. 

^  6-0. 

f  11 1  i  ( ;>"i  

|8-^l[ii^'  

1  35 
0  45 
0-60 

31-20 
63-50 

1-  65 

2-  60 
nil 

36  00 
59-85 

nil 

nil 

nil 
23-46 
76-66 

*  The  ratio  of  the  volume  of  the  gaseous  products  to  that  of  the  original  gas. 


These  facts  taken  in  oonjonetion  with  the  resalts  of  the  two 
eircQUitioii  experiments  at  lower  temperaturee,  indicate  that  the  range 
of  temperature  most  faTonraUe  to  polymerisation  liee  between  600^ 
and  700^,  the  tendeno7  to  this  kind  of  change  rapidly  diminishes  as 
the  temperature  is  further  raised. 

The  investigation  is  being  extended  to  the  higher  members  of  the 
paraffin  and  other  series  of  hydrocarbons ;  it  is  also  oar  intention 
to  examine  further  the  conditions  most  favourable  to  the  formation  of 
napbthaleue  io  these  decompositions. 

In  condnsion  we  desire  to  express  our  indebtedness  to  the  Qovern« 
ment  Grant  Committee  of  the  Royal  Society  for  repeated  grants 
towards  the  expenses  of  the  research,  and  also  to  Dr.  D.  8.  Jordan, 

for  valuable  aid  during  its  initial  stages. 

DBPARTMRNT  of  Fi'F.L  AVn  MfTALLURGY,         CHEMK  AL  Di'I-AKI  MKN t, 

Tux  Umvkusiiy  of  Lk£us.  MANCtiE^rKK  Univkkuiiy. 


CXVIII. — The  Effect  of  ConatitfUicn  on  the  Optical 
Activity  of  Nitrogen  Compounds, 

By  Reginald  William  Evkbatt,  B^Sc. 

SiKOB  a-phenylben^lmethylally1ammonium  iodide  was  first  resolved  by 
Pope  and  Peachey  (Trans.,  1890,  75,  1127)  into  dextro-  and  l»vo- 
rotatory  forms  in  which  the  activity  was  due  to  the  asymmetry  of  the 
quiuquevalent  nitrogen  atom»  a  considerable  number  of  substituted 
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ammonium  iudiilos  of  the  general  type  abed  NI.,  whore  abed  are 
dififerout  ;ilkyl  groups,  h:ive  been  similarly  iosolvc<l  into  their  optiotl 
isomeritlos  and  their  physical  constants  measured  and  tal)vilate  1. 

Jn  a  paper  by  Miss  M.  B.  Thomas  and  H.  O.  Jones  (Trans.,  1906, 
89,  280),  the  value?  of  the  rotatory  powers  of  ten  substituted  am- 
monium iodides  wore  determined.  These  compounds  formed  two  sets 
of  five,  all  owing  their  activity  to  an  asymmetric  nitrogen  atom  attached 
to  four  alkyl  groups.  One  set  consisted  of  compounds  containing  the 
phenyl,  methyl,  and  l)on7.y!  grouj)s  together  with  one  of  the  following 
groups  :  ethyl,  n-  or  iso-propyl,  wobutyl,  or  t«oamyl.  The  other  set 
differed  in  that  the  benzyl  group  was  replaced  by  the  ailyl  group. 

More  recently,  a  third  set  has  been  added  to  these  by  Jones  and  Hill 
(Trant.,  1908,  93,  295).  This  set  consists  of  iodides  containing  the 
groups  j>>bromopheDyl,  methyl,  and  allyl  together  with  one  of  the 
homologous  groups  :  ethyl,  n-  or  t^o-propyl,  wobutyl,  or  woamyl. 

The  results  obtained  were  tlirougbout  discussed  with  reference  to  the 
application  of  Guye's  hypothesis  to  the  qainquevalent  nitrogen  atom, 
bat  it  was  decided  that  further  data  were  necessary  before  deciding 
how  far  the  hypothesis  applied  thereto. 

The  purpose  of  the  present  investigation  was  to  proi[ide  further  data 
and  to  render  the  above  series  more  complete  by  preparing  and  rssoly- 
ing  certain  of  these  compounds  containing  the  it-butyl  group,  namely, 
phenylmethyl-n-butylallylammontam  iodide,  |^>broniophenylmethyl-»- 
butylallylammonium  iodide,  and  p-bromophenylbensylmethyl«i»-bu^I- 
ammonium  iodide.  The  last  of  these  was  also  required  for  comparison 
with  the  corresponding  unbrominated  compound  resolved  by  Wedekind 
andFrdhlich(i?er.,  1907,  40, 1646).  j^-Bromophenylbenzylmethylallyl- 
ammonium  iodide  was  also  prepared  and  resolved  with  a  view  to 
ascertaining  its  relation  to  the  unbrominated  analogue  of  Pope  and 
Peachej  already  mentioned,  and  also  to  the  remaining  members  of  the 
group  of  brominated  com|X)und8  already  prepared. 

The  results  of  this  investigation  and  their  relation  to  those  previousiv 
obtained  are  summarised  at  the  conclusion  of  this  pajKjr.  The  metiiod 
used  for  the  resolution  of  those  compounds  was  that  of  Pope  and 
Peachey,  and  consisted  in  fractional  crystallisation  of  the  rf-camphor- 
sulphonate  or  (^-bromocamphorsulphonate  of  the  base  from  a  suitable 
solvent.  In  one  case,  however,  resolution  was  effected  by  use  of 
d-tartaric  and  rf-caniphoric  acids  ;  tlie  latter  has  not  been  previously 
used  in  this  connexion.  All  n>oasurcments  were  made  in  a  2-dcm.  tuho. 
In  investigating  the  effect  of  temj>erature  on  the  molecular  rotatory- 
power,  the  densities  of  the  solutions  used  were  taken  a?  identical  with 
those  of  water  at  the  same  temperature,  whilst  the  values  of  [M]i,  for 
the  acidic  ions  are  those  given  by  Thomas  and  Joaes  (XraDs.,  1906, 
89,  284  el  seg.). 
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PkmylmiBlhyl-n-butylalli/lammonhm  lodiide, 

Methyl-H-butylanilino  was  prepared  in  the  manner  already  described 
by  Wedekind  and  Frohlich  (fi^.,  1907,  40,  1646).  The  fraction 
ooUected  boiled  at  236—239''. 

PhenyhMthfl-Ti-httiylallylammonium  iodide  was  prepared  by  mixing 
methyUn-butylaniline  and  allyl  iodide  in  molecular  proportions.  The 
mixture  slowly  deposited  crystals,  and  at  the  en  l  of  sixteen  hours 
was  quite  solid  and  crystalline.  A  portion  was  dissolved  in  hot  alcohol 
and  precipitated  by  the  cautious  addition  of  ether.  After  several 
repetitions  of  this  procedure,  the  iodide  was  obtained  in  fine  colourless 
needles  melting  at  80—81**  if  heated  rapidly  : 

0*245  gave  0*1722  Agl.    I  -  37*98. 

Cj,II.^,^NI  requires  I » 38*31  percent. 

J*/tenylmelhyl-n-bufylallylammonium  d-canphorsulphonats  was  pre- 
pared by  boiling  equivalent  quantities  of  phenylmethyl-n-butylallyl- 
ammonium  iodide  and  silver  (/-cainphorsulphonate  with  moist  ethyl 
acetite.  The  silver  salt  was  finely  powdered  and  covered  with  ethyl 
acetate.  Two  or  three  droj)S  of  water  were  added,  and  tlie  wliolc  heated 
to  boiling  in  a  small  flask  over  the  water-bath.  The  substituted 
aiumoniiHu  iodide  was  then  added  in  i>uc(  essive  small  quantities,  sliaking 
well  after  each  addition.  The  precipitated  silver  iodide  was  collected, 
and  the  filtrate  evaporated  as  far  as  possible  on  the  water-bath  ;  on 
allowing  the  residue  to  stand  in  a  vacaiuii  over  sulphuric  acid  for  a 
few  dayH,  it  became  crystalline,  altlioui^'h  largely  contaminated  with 
metallic  silver.  Many  attempts  to  rocrystallise  the  salt  were  mado  ; 
alcohol,  acetone,  ethyl  acetiite,  ethylal,  methyhil,  benzene,  toluene,  and 
other  solvents  being  used  both  alone  and  as  mixtures.  In  every  case 
the  camphorsulphonate  separated  from  the  solution  as  an  oil,  and  a 
simihur  result  followed  when  ether  was  added  slowly  to  any  of  the 
above  solutions.  Hence  the  attempted  resolution  by  this  method  was 
abandooed. 

Ph^n^lmeihyl-n^nUyUUlylamnumium  d-bromocamphorstU/^ionale  was 
prepared  in  a  similar  manner  from  equivalent  quantities  of  the  iodide 
and  silver  i^biomocamphorsulphonate.  After  evaporating  the  ethyl 
acetate,  a  dark  viscid  mass  remained,  which  soon  became  crystalline  on 
standing  in  a  desiccator.  It  was  dissolved  in  hot  acetone,  but  could 
not  be  obtained  crystalline  from  this  solvent.  When  ether  was 
cautiously  added  to  its  solution  in  ethyl  acetate,  crystals  were  slowly 
deposited,  and,  after  two  such  recrystallisations,  it  was  found  possible 
to  recrystallise  it  from  hot  acetone. 

The  salt  of  the  dextro-rotatory  base  was  thus  obtained  in  clusters 
of  fine  colourless  needles  melting,  if  heated  rapidly,  at  149 — 150** : 

4 
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0-1825  gave  0  3731  COj  and  01174  H,0.    C  =  55-73;  H-T'U. 
C^HuO^NBrS  requires  C  -  56  03 ;  H  »  7  07  per  cent. 

The  rotatory  power  gradually  iooreaaed,  and  became  oonstant  after 
seven  recrystalluattons. 

After  seven  recrystalliMtUons,  0*1336  gram  dissolved  in  13  9055 
grams  of  water  gave  1*34®  at  14**;  hence  [a]t>  70*3**  and  [M]d 
361 -S**. 

After  nine  recry stall isations,  0*1264  gram  in  11*1376  grams  of 

water  gave  a„  159°  at  H°;  hence  [a]^  70^  and  [M]d  359-8° 
Hence  the  wean  value  for  the  basic  ion  at  14'^  is  85*6°. 
The  effect  of  temperature  change  on  the  rotatory  power  of  the 

solution  of  the  bromociimphorsulphonate  waa  also  inv^ostigated,  and  as 

usual  proved  to  be  very  slight.    The  solution  used  contained  01674 

gram  of  the  salt  in  16*2877  grams  of  water. 


L 

ttt  buie  ion. 

2" 

69 -8  r 

358 -S" 

S9  3' 

11 

1*44 

70-06 

360  1 

87-1 

20 

1-445 

70-83 

361  -5 

84-5 

30 

1-45 

70-82 

82  0 

41 

1-46 

71-62 

368  13 

82  0 

50 

1-47 

7-2-36 

371-9 

80-9 

d-Ph0nykn€thy[-n  buli/l(cU>/lammonium  iodide  was  precipitated  fiom 
the  aqueous  solution  of  the  bromocamphorsulphonate  by  the  addition 
of  solid  potassium  iodide.  The  iodide  crystallised  slowlj  in  small 
prisms  melting  at  79—80^.  After  recrystallisation  from  oold  alcohol 
and  ether,  the  salt  melted  at  80^.  A  mixture  of  the  active  and 
inactive  iodides  also  melted  at  80^. 

Determination  of  its  rotatory  power  in  alcohol  gave  the  following 
results: 

0-1692  gram  in  13  2126  grams  of  alcohol  (density  of  solution 
=  0-809)  gave  a„  0'66^  at  15° ;  henco  [a],,  31-78^  and  [M]„  105*19^. 

0*1846  gram  in  12*0115  grams  of  alcohol  (density  of  solution 
«0-81)  gave     0  79°  at  15' ;  hence  [a]i,  31  72^  and  [MJ^  104*99**. 

The  mean  value  is  accordingly  [M][,  105-09°. 

The  active  iodide  was  readily  soluble  in  chloroform,  and  a  deter- 
mination of  its  rotatory  power  showed  that  it  raoemised  rapidly  ta 
this  solvent. 

Thus  0*1316  gram  of  the  iodide  in  18*5623  grams  of  chUnoform 
(density  of  solution  « 1*486)  gave,  ten  minutes  after  making  up, 
ao  0*72"  at  W  ;  hence  [a]o  34*17'' and  [U]o  lld*l» 

After  one  hour,     0  53°  whence  [al^  25*15^  and  [M].,  83*25^ 
„    twohourH,a.,  0*38*»      „     [a]„  18  03"       [M]„  69-68»l 
„   four    „   tt|,0*21"      „     [a]^  9-91^  „    [iM]i.  S3«. 
^   MX     „    Op  0*10"      „     [a]o  4*75°  „  [M]pl5*7° 
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At  the  end  of  nine  hours,  the  solution  was  found  to  bo  inactive. 
By  oxtrapohuion  from  ihc  curve,  the  value  of  [Mjj,  at  the  iobtaut  of 
makiu",'  up  the  solution  is  123^. 

A  second  determination  in  chloroform  holution  viras  made.  01 57 9 
gram  of  iodide  in  16*8748  grams  of  chloroform  (density  of  solution 
=  1-49)  gave,  ten  minutes  after  making  up,  o„  0  04  '  at  16^;  heiuo 
[a]i,  33  U4''  and  [M]o  1121''.  This  solution  likewise  became  inactive 
within  nine  honra  of  making  up. 

^BromophenylnieUiyl- n-butylaUylam  monium  Iodide. 

^Brom^pkmykMU^l-n'^ylaUpkmmon  iodide  was  prepared  by 
mixing  allyl  iodide  and  |i*bromoplienylmethyl-n-batylaniin6  in  mole- 
eolar  proportions.  The  mixture  gradually  deposited  crystals,  and, 
after  standing  for  twenty-fonr  hours,  it  had  oompletely  solidified  to  a 
dark  red  mass.  This  was  dried  on  a  porous  plate,  and  a  portion 
dissolved  in  alcohol  and  repreoipitated  with  ether.  It  then  melted  at 
84 — 86**.  The  melting  point  gradually  rose  as  this  process  was 
repeated,  and  finally  became  constant  after  seven  recrystallisations, 
the  value  then  bong  106— 106^  and  the  iodide  being  obtained  in 
pure  white,  ci  }  stalline  needles : 

0-1827  gave  0-2732  00.  and  0-0878  HjO.    0  =  40  78;  H  =  5-33. 
Ci^H^Nlirl  requires  C»  40*96 ;  H»517  per  cent. 

p-Broinophe7iylfiielhyl'n4nUylallylam$noniki/M^^  was 
pre|>ared  in  the  usual  manner  by  boiling  molecular  quantities  of  the 
above  iodide  and  silver  cf-camphorsulphonate  with  moist  ethyl  acetata 
After  the  evaporation  of  the  solvent,  a  dear  gum  was  left.  This,  on 
standing  in  a  desiccator,  slowly  became  crystalline,  but,  although 
several  specimens  were  prepared  both  from  the  crude  and  from  the 
recrystsUised  iodide,  ooly  in  one  case  was  anything  like  satisfactory 
crystallisation  attained,  even  when  some  specimens  were  kept  for 
months  in  a  vacuum  over  sulphuric  acid.  The  final  product  was 
in  each  axse  a  white  mass,  consisting  of  a  small  quantity  of  crystal- 
line matter  mixed  with  a  larger  quantity  of  gummy  material.  All 
attempts  to  recrystallise  the  material  failed,  although  all  the  usual 
solvents,  alcohol,  acetone,  ethyl  acetate,  kc,  were  use<l,  both  alotio  and 
as  mixtures.  Attempts  to  precipitate  the  salt  from  its  solutions 
by  adding  ether  or  light  petroleum  wore  likewise  unsuccessful.  In 
many  cases  traces  of  crystals  formed,  but  the  amount  was  too  small 
for  investigation,  and  any  attempt  to  increase  the  quantity  by 
concentrating  the  solution  led  to  the  immediate  deposition  of  an  oil. 
This  is  particularly  noticeable  if  ethyl  acetate  is  cautiously  added  to 
the  solution  of  the  salt  in  beniene.   The  crystals  deposited  in  this 
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case  were  shown  to  contain  no  silver,  but  the  qoantitj  was  too  small 
for  further  invet'tigjitioii. 

p  -  I)roniopJie)iyhnetlii/l  -  u  -  hulylalhjlamtnonium  ^-hromocumphor- 
fndp/wnate  was  prepared  iu  a  similar  manner  from  molecular  (piautitieb 
of  the  iodide  and  silver  ci-bromocaraphorsulphonate.  The  bohaviour 
of  this  substance  was  completely  analogous  to  that  of  the  camphor- 
sulphonate.  It  did  not  crjrstallise  satisfactorily  on  standing,  aad 
if  k(  pt  for  long  in  a  vaeunm  over  sulpharie  aeid  it  evolved  objection- 
able odour;^  and  seemed  partly  to  decompose.  Also,  it  was  found 
impossible  to  reerystallise  it  by  any  method,  although  traoes  of 
crystals  containing  no  silver  were  again  obtained  in  one  or  two  oases. 
In  all  the  others  an  oil  alone  separated. 

Since  it  had  been  shown  by  Miss  Homer  (Proe,  Comb.  Phil,  See., 
1907, 14,  196),  and  by  H.  O.  Jones  (Proe.  Ctmb.  PhU.  Soe.,  1907,  14, 
376),  that  asymmetric  nitrogen  compoands  can  be  resolved  by  means  of 
tarfeiric  acid,  it  was  decided  to  try  this  method  in  the  present  case. 

P'Brmnopkmylnwikifl'n'^utifiaUifkmnwnium  kydrogm  d-iartraU  was 
therefore  prepared  as  follows.  The  iodide  was  treated  in  alcoholic 
solution  with  a  slight  excess  of  silver  oxide,  the  whole  warmed 
and  stimd.  The  filtrate  was  allowed  to  run  into  an  alcoholic  solution 
containing  the  molecular  quantity  of  il-tartaric  acid.  Instead  of 
evaporating  the  mixture  as  far  as  possible  and  then  waiting  for  the 
tartrate  to  crystallise,  the  liquid  was  merely  oonoeotrated  until 
it  showed  signs  of  cloudiness,  A  little  alcohol  was  added  until  the 
liquid  was  again  clear,  and  then  ether  was  added  until  it  became  just 
turbid.  The  tartrate  rapidly  crystallised  on  standing,  and  was 
recrystalliscd  very  easily  from  alcohol  and  ether.  After  four  such 
recrystallisations,  a  determination  of  the  rotatory  power  was  made  : 

0'193d  gram  in  I6  05S3  grams  of  water  at  15''  gave  a-l-O'dS^ 
wheoce  [a].,  24  Oa^'  and  [M]d  103  68°. 

Taking  [M]o  for  the  ion  Cfiflf^U  as  42^  from  the  results  of 
lAndolt  on  ammonium  hydrogen  tartrate,  it  is  evident  that  the  salt 
was  resolving  rapidly.  Accordingly,  recrystallieation  by  the  above 
method  was  continued,  the  value  for  [M^,]  gradu  iUy  increasing  and 
becoming  constant  after  eleven  recrystallisations. 

The  salt  was  finally  obtained  in  dusters  of  very  small  needlee, 
readily  soluble  in  water  or  alcohol,  but  only  sparingly  so  in  acetone. 
It  melts  at  about  116^  to  a  cloudy  liquid,  which  effervesces  at  141^ 
and  becomes  clear.  For  analysis,  the  salt  was  dried  over  sulphuric 
acid  in  a  desiccator  : 

0-1906  gave  0  3340  CU.^  and  0-1095  Up.    0  =  47  8  ;  H«6-a8. 
C,«H.,^0,;N  Br  requires  0  =  4996;  H  -  G  07. 
^s'^M^s^^^'**  U«0  requires  G  -  47-97  i  H  -  6*28  per  cent. 
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An  attempt  was  made  to  estimate  the  percentage  of  water  by 
heating  the  salt  to  105°.  The  weight,  however,  decreased  slowly,  and 
the  decrease  rontinued  indofiuiloly,  showinj*  that  tho  t.irt.rale  decom- 
poees  at  this  temperature.  A  precisely  similar  case  of  a  tartrate 
retaining  wnter  of  crystallisation  in  alcoholic  ^^olutioa  has  been 
described  by  Jones  and  Hill  (Trans.,  1908,  93»  298). 

The  following  determinations  of  rotatory  pu^K-er  were  made :  After 
eleven  recrystallisations,  0  2126  gram  in  15*5070  grams  of  water  at 
16°  gave  an  0*86°,  whence  [aj^  31-36°  and  [Ji]^  1411° 

After  fourteen  recrystallisatioDS,  0  2599  gram  in  16-5416  grams  of 
water  at  16°  gave     0*98,  whence  [a]y  31*19°  and  [yi]^  140*4° 

0*2328  gram  in  15*7693  grams  of  water  gave  -  0*93°  at  15°»  whence 
[a]o  31'49  and  [M]u  141*7° 

The  mean  value  is  accordingly  141  1°  ut  15  '. 

[M]„  above  is  calculated  for  (JjgUjjjO^N  Br, lIjO,  which  corresponds 
with  [M]„  for  JI,,.p^NBr. 

Taking  [^I]n  for  the  ion  C^H^OgU  as  42^,  from  the  results  of 
Lanilolt  on  ammonium  hydrogen  tartrate,  we  get  [M]i>  for  the  basic 
ion  CeH.Br-CHa-C.Hg'CgH.-N-  as  98° 

The  effect  of  temperature  change  on  the  rotatory  power  of  tlio 
solution  of  the  tartrate  waw  next  investigated,  and  proved  to  bo  but 
small.    The  solution   used  contained  U  gram  of    tartrate  in 

15*  1839  •;rams  of  water.  The  values  for  the  acidic  ion  at  different 
temperature'4  are  those  given  by  Laudolt : 

 [MJo 


L 

for  Imaic  ion. 

3" 

80  W 

139-4° 

98-6° 

12 

0-925 

30-48 

137-2 

95-8 

20 

0*91 

29-99 

135  0 

94*25 

80 

0>89 

29-88 

132*0 

897 

4*2 

0-87 

28*68 

129-1 

8f;-i 

50 

0-86 

28*84 

127  5 

84-0 

The  value  of  [M]^  for  the  salt  is,  of  counie,  [M]u  for  the  whole 
molecule,  ioduding  the  water  of  crystallisation. 

P'Bromopkmiflm»ihyl-u-biUi/lulli/laMmomuni  iodide  was  slowly  pre> 
cipitated  in  clusters  of  needles  of  some  sise  when  the  solutions  of  the 
above  tartrate  were  rendered  faintly  alkaline  with  sodium  carbonate 
Bolution  and  then  treated  with  solid  potassium  iodide. 

Determination  of  its  rogatory  power  in  alohol  gave  the  following 
results  : 

0  0DU3  gram  in  01710  grams  of  alcohol  (density  of  solution  =  0-809) 
gave  a„  OA'J\  whence  [a]^  27-97°  and  [M]^  1 14  7 

01 035  gram  in  12-8905  grams  of  alcobol  (density  of  ttulutiuu  = 
0-807)  gave     0-36°  whence  [a],»  27-78°  and  [MJ^  113-9^. 

The  mean  value  is  aooordingly  lli'd^  at  16^ 
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The  MStiTe  iodide  is  bat  sparingly  solaUe  in  diloiofonii.  Deter- 
minatioD  of  ite  rotatory  power  in  tbia  solvent  gave  the  following 

results  : 

0  0786  gram  in  IG'ToST  grams  of  chloroform  (density  of  solution  a* 
1-4H2)  gave  a^,  0-62°  whence  [a],>  44-36°  and  [M]d  181-9''. 

This  measurement  was  taken  at  14"^  twenty  minutes  after  making  up 
the  solution.  After  one  hour,  oo  0*69° ;  after  two  hours,  aj,  0*53° ; 
after  four  hours,  0*45°  ;  after  six  hours,  0  37^;  after  nine  hoars, 
ap  0*25^.   At  the  end  of  sixteen  hoars,  the  eolation  was  inactive. 

O'lSli  gram  in  18*S008  grams  of  solvent  (density  of  solations 
1*495)  gave     0*95^  whence       44  01<>  and  [M]o  180*4<». 

This  eolation  likewise  became  inactive  within  sixteen  hoars.  By 
extrapolation  from  the  oarve,  the  value  of  [IC]^  at  the  instant  of 
making  up  the  eolation  is  187'9^ 

Since  it  had  heen  shown  that  weak  adds  are  available  for  the 
resolution  of  nitrogen  compounds,  it  was  decided,  after  the  failure 
with  <f-camphorsulphonic  and  (2-bromocamphorsulphonic  acids,  to  try 
(^camphoric  acid  in  this  case. 

p  -  Broviophenylmelhi/l  -  n  -  butylcdlylamvioniutn  d  -  CamphoraU — An 
attempt  to  resolve  the  iodide  by  means  of  this  compound  was  made 
simultaneously  with  the  above  work  on  the  tartrate.  The  camphorate 
was  prepared  by  dissolving  the  iodide  in  alcohol  and  treating  with 
a  slight  excess  of  moist  silver  oxide,  the  whole  being  warmed  and 
agitated  thoroughly.    The  mixture  was  then  filtered  into  an  alcoholic 
solution  containing  the  calculated  molecular  quantity  of  camphoric 
acid.    The  resulting  clear  solution  was  evaporated,  as  far  as  possible, 
on  the  water-bath,  a  milky  liquid  containing  a  little  metallic  ?ilver 
being  thus  obtained.    After  standing  for  a  few  hours,  a  white, 
granular  solid  was  deposited  in  considerable  quantity.    This  was 
separated  from  the  oily  residue  and  dried  on  a  porous  plate.    It  was 
crystallieed  by  precipitation  from  its  alcoholic  solution  by  means  of 
ether,  when  it  separated  in  beautiful  silky  needles  melting  at 
147—148° ; 

0*2183  gave  0*4772  00,  and  01621  H,0.   0-69-64;  H-7'74. 
O^HMO^NBr  requires  0  -  69*91 ;  H  -  7  64  per  cent. 

The  rotatory  power  oontinaed  to  deerease,  and  became  constant  after 
eleven  recrystallisations :  0*1523  grams  in  16*7966  gram  of  water  gave 
ai>  -0*13**,  whence  [a]^  -7*17**  and  [M]o  -34*6*».  After  thirteen 
recrystalliaations,  0*1224  gram  in  16*1218  grams  of  water  gave 
o'd - 0-1 P,  whence  [a ]n  - 7*24°  and  [M]„  -34-9°. 

01973  gram  in  15  5198  grams  of  water  gave  ap  -0'18'^,  whence 
[a]n  -TWand  (M],,  -  M  r. 

The  mean  value  fc  r  the  camphorate  is  aooordingly  34*5°.   The  value 
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of  tho  acid  camphoric  ion  Cji^HjiO^TT-  has  not  previously  been  doter- 
minod,  and  acrordingly  tho  sodium,  potassium,  and  hydrogen  camplior- 
atos  were  prepared  hy  treating  a  known  weight  of  tho  acid  with  an 
equivalent  amount  of  the  ))ase  and  making  up  the  solution  to  a  known 
weight.  From  these  figures,  tho  weights  of  acid  cam phorate  and  watt  r 
present  are  easily  calcnlated,  and  hence  [M]u  for  the  salt  determined 
a&  usual.    In  the  case  of  tho  potassium  hydrogen  oamphorato  : 

10437  grams  in  110-4835  grams  of  water  gave  0*59^  whence 
[a]u  25-93^^ and  [M]„  Gl-7°. 

1  2116  grams  in  113  9712  grams  of  water  gare  ot,  0*55%  whence 
[a]D  25-87°  and  [Mt  61-6% 

In  the  case  o!  the  sodiwn  hydrogen  camphorate : 

1*0858  gram  in  101*1381  grams  of  water  gave      0*59%  whence 

[a]o  27-48°  and  [  M  ]i,  61° 

llence  the  mean  value  for  the  ion  C,oHj^O,,lI-  is  61*4°  at  15 — 18°, 
and  consequently  the  mean  value  for  the  basic  ion 

CflH,BrN*CH,-C^H^-0,H^N- 
is  -(61-1°  4- 34-5°)=  -95-9° 

The  effect  of  temperature  on  the  solution  of  the  potassium  hydro- 
gen camphorate  was  examined,  but,  owing  to  the  small  temperature 
effect  and  the  sparing  solubility  of  the  salts,  which  precluded  the  use 
of  solutions  stronger  than  the  above^  the  results  obtained  were  of 
little  value,  the  differences  produced  over  a  range  of  30°  being  within 
the  limits  of  experimental  error. 

The  above  result  is  of  some  importance,  inasmuch  as  it  is  the  first 
occasion  on  which  the  resolution  of  one  of  these  substituted  ammonium 
iodides  has  been  accomplished  by  more  than  one  method.  Moreover, 
it  is  the  first  occasion  on  which  camphorio  acid  has  been  made  use  of 
in  this  connexion. 

p'BrmnaphMylbenziflmethf^'n'huiy^^  Iodide, 

^- Brmnophenylmelhyl  n  hutijlamim  was  prepared  by  tlie  interaction 
of  molecular  proportions  of  bromiuo  and  methyl-n-butylaniline  in 
acetic  acid  solution.  The  acetic  acid  was  then  evaporated  over  the 
water-bath,  and  the  gummy  residue  treated  with  a(jueous  potassium 
hydroxide.  The  b<aso  separated  as  a  dark  heavy  oil,  and  was  collected, 
washed,  and  dried  over  solid  potassium  hydroxide.  Ft  was  then  dis- 
tilled, the  fraction  boiling  at  177—181718 — 20  mm.  being  collected 
separately.  The  amine  was  thus  obtained  as  a  pale  yellow  oil. 
It  did  not  give  a  crystalline  platinichloride  when  treated  with 
platinum  tetrachloride  and  hydrochlorio  acid,  a  few  drops  of  oil  alone 
settling  on  standing. 

^Bmnopkmyidmittkyl-n^mt^^  iodide  was  prepared  by 
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mixing  molecular  proporfctons  of  the  bwe  and  melhyl  iodide.  A 
yellow  solid  gradually  crystalliaed,  which,  after  recrystalliflation  from 
alcohol  and  acetone^  melted  at  155 — 156^ : 

0  1723  gave  0-2353  CO^and  0  0782  Wfl.    C  =  37  26  ;  11  =  5  05. 
Cj,H,5,NBrI  requires  0=37-49;  percent. 

The  bromine  in  the  amine  is  in  the  para-poeition,  since,  on  heating 
the  above  iodide  in  a  sealed  tube  with  esoess  of  methyl  iodide^  |»-bromo- 
phenyltrimethylammoninm  iodide,  melting  at  300^,  was  obtained, 
the  method  being  that  of  Hill  (/Voa.  dmb,  PkU.  Soo.,  1907,  14, 
351). 

p-J9rolilop^^imsyfl9M</<2/^D-ftu<yZammon«tm  ioMe  was  prepared  by 
mixing  bensyl  iodide  and  />*bromopheuyIiiicthyUf»-biitylamine  in  mole- 
onlar  proportions  and  allowing  to  stand.  At  the  end  of  twenty  hours, 
the  mixture  had  become  crystalline  and  semi-solid.    A  portion  of  the 

dark  red  mass  was  dissolved  in  hot  alcohol,  and  precipitated  by 
tho  cvautious  {idditiou  of  ctlier.  The  resulting  product  was  bright 
yellow,  and  melted  iudetiuitely  between  117^  and  121°  After  three 
such  recrjstallisations,  the  iodide  was  obbuined  as  a  pure  white,  crys- 
talline powder,  melting  at  135—136°  if  heated  rapidly.  Further 
recrystallisation  did  not  affect  the  melting  point : 

0-2367  gave  0  4524  CO.  and  0  I0S9  11^0.    0  =  52-34;  H-d  li. 
CigE^Brl  requires  0-52  68 ;  H-5'08  per  cent. 

onate  was  prepared  in  the  usual  manner  by  the  interaction  of  moleealar 

proportions  of  the  above  io<lidc  and  silver  (i  bromocamphoTSuIphonale. 

The  iodide  uschI  in  this  {)icparation  was  not  purified  by  previous 
recrystallisation.  Aftor  evaporation  of  the  M)lvent,  a  cle;u'  dark  hhI 
gum  remained,  which  did  not  crystallise  on  standing  for  some  months. 
Although  several  specimens  of  this  substance  were  prepared,  nono 
was  ever  obtained  crystalline,  or  could  bo  induced  to  cry^tallise  by 
any  method. 

^BrouwpkenyWeiizylmethyl-n-bulylamvioniuin  d-camphorsulphanaie 
was  therefore  prepared  similarly  by  the  interaction  of  the  iodide  and 
silver  cZ-camphorsulphouate,  The  various  s|>ecimens  of  this  substance 
prepared,  showed  wide  variation  in  their  readiness  to  crystallise  on 
standing  after  the  solvent  had  been  removed.  Some  became  crys- 
talline in  a  few  minutes,  whilst  others  did  not,  no  matter  how  treated. 
The  latter  slowly  changed  to  green,  amorphous,  sticky  masses  with  a 
very  unpleasant  odour.  The  parity  of  the  iodide  was  found  greatly  to 
influence  the  readiness  to  crystallise.  The  crystalline  speoimens  off 
camphorsulphonate^  whilst  not  crystallising  from  most  solvents  and 
mixtures  of  such,  were  easily  obtained  in  the  crystalline  form  by 
solution  in  a  mixture  of  toluene  and  a  little  acetone,  with  subsequent 
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concentration  over  sulphuric  acid.  The  crystals  so  formed  were 
readily  recrystallised  by  solution  in  hot  acetone  and  subso<juent 
addition  of  ether.  As  finally  oV)tained,  tlio  salt  formed  beautiful 
silvery  plates,  very  sparingly  soluble  in  acetone,  and  melting,  if 
heated  rapidly,  at  174—175'' : 

0*1730  gave  0*3762  CO,  and  01081  H,0.   0  -  59*31 ;  H  -  6*94. 
O^HggOfNBrS  requires  O  «  69-6'^ ;  H  -  6*80  per  cent. 

The  rotatory  power  gradually  diminished  on  reciystallising,  and 
became  constant  after  crystallising  eight  times  as  above. 

After  eight  recrystallisations,  0*1714  giam  in  11-4932  grams  of 
water  gave  aj,  -  1-37  at  15",  whence  [a]„  -45  93°  and  fM]i,  -2.^)9°. 

After  eleven  recrystallisatious,  0*1876  gram  in  17 "0008  grams  of 
water  gave  aj,  -  1  -01°  at  15°,  whence  [a]p  -  45  78"  and  [M]o  -  258-2°. 

0*2442  gram  in  12-8178  grams  of  water  gave  ao  -1*75^  at  15"*, 
whence  [a]o  -  45*90»  and  [M]d  -  258*8r». 

Hence  tlie  mean  value  for  the  camphorsulphonate  is  —258*7°,  and 
the  mean  value  for  the  basic  ion  -  (25H*7°  +  50*7°)  =  -  309-4°. 

The  effect  of  temperature  change  on  the  rotatory  power  of  the 
solution  of  the  camphorsulphonate  was  also  investigated,  and  as  usual 
was  found  to  bo  comparatively  small.  The  solution  used  in  tliis 
expeiimont  contained  0  1876  gram  of  the  camphorsulphonate  in 
17*0068  grams  of  water. 


t. 

w- 

for  bude  ion. 

T 

-  1  02" 

-46-28* 

-260-7" 

-808-7° 

10 

1-01 

45-78 

2r.8-2 

307-7 

20 

0  99 

44-94 

253 -4 

305-0 

80 

0-97 

44*14 

248*9 

808*6 

40 

0*95 

43*37 

244*6 

300-2 

50 

0-93 

42*65 

240-5 

298-1 

^BtimnfhmylUinstiy^^  iodide  was  prepared  by 

the  addition  of  a  little  solid  potassium  iodide  to  the  aqueous  solution  of 
the  camphorsulphonate.  The  iodide  rapidly  crystallised,  and  was 
collected,  washed,  and  dried.  It  was  thus  obtained  as  a  pure  white 
solid,  melting,  if  heated  rapidly,  at  137 — 138^  Kecrystallisation 
from  cold  alcohol  and  ether  left  this  unchanged ;  a  mixture  of  the 
active  and  inactive  iodides  melted  at  134 — 135\ 

Determination  of  its  rotatory  power  in  alcoholic  solution  gave  the 
following  results : 

0  1 053  gram  in  11*1501  grams  of  alcohol  (density  of  solution 
»0-81)  gave  ^Vld^  at  15^  whence  [a]o  -77*ld<>  and  [M]d 
-  364  8. 

01 172  gram  in  13*2 110  grams  of  alcohol  (density  of  solution  ■=  0*799) 
gave  at»~  1*090  at  14^  whence  [a]o  '  76*89^  and  [H]d  -  363*7^ 
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Detemunation  ToC  it«  rotatory  power  in  ehlorolbrm  aolution  gave 
the  following  lesulta : 

0*1145  gram  in  17*95  grams  of  oMoroform  (density  of  Mlutioii 
■=1*497)  gave  a„   -1*92°  ten  minutes  after  making  up,  whence 

[a}.  -100-5°  and  [M]n  -  iC)2-'d' ;  after  one  hour,  u„  -1-32°;  after 
two  hours,  a„  -0-99^;  after  four  hours,  a©  -0'5P;  after  six  hours, 
ajf  —  0*29° ;  after  nine  hours  the  solution  was  inactive. 

A  Fecond  determination  taken  within  ton  minutes  of  making  up 
the  solution  gave  oo  -1*46^  for  0  0937  gram  in  19  23  grams  of 
chloroform  (density  of  solution  =  1  '495),  whence  [ajp  -  1  '002^  and 
[M]d  -  460*9°.  Thie  aolaiion  also  beoune  ineefeive  within  nine 
hours. 

By  extrapolation  from  the  curve,  the  valne  of  [MJn  at  the  instant 
of  making  np  the  solution  is  481*6°. 

p-BramopkmplbemiifkMik^lali^Uu^^  Iodide 

'^Bromopfienylbenzylmethylamine  was  prepared  by  the  interaction  of 
molecular  quantities  of  benzyl methylaniline  and  bromine  in  acetic 
acid  fcolution.  The  acetic  acid  was  then  evaporated  over  the  water- 
bath,  and  the  base  liberated  as  a  dark  oil  from  the  gummy  residue  by 
the  action  of  aqueous  potassium  hydroxide.  This  was  washed  and 
separated,  but  Boliditied  almost  immediately.  It  was  accordingly 
dihsolved  in  ether,  and  the  solution  dried  over  solid  potassium 
hydroxide,  the  ether  being  then  evaporated  and  the  residue  distilled. 
The  fraction  passing  over  at  218 — 220°/d — 9  mm.  was  collected 
separately;  it  was  nearly  odourless^  and  crystallised  slowly  on 
standing. 

The  base  forms  laige>  prismatic  crystals,  very  soluble  in  ether,  but 
insoluble  in  light  petroleum.  It  is  moderately  soluble  in  aloohol,  and 
is  readily  recrystalliaed  from  this  solvent.  The  melting  point  is 
about  25^: 

0*3165  gave  0707  00,  and  0*1420  B^O.  0  «  60«92 ;  H  -  4*99. 
0-2449       0*5465  00,  „  0*1105^0.   O«60*86;  H-5-01. 

Cj^H^^NBr  requires  0  =  60*83  ;  H-5-12  per  cent. 

The  bi online  in  this  amine  is  in  the  para-position,  since,  on  hciiti ng 
it  with  methyl  iodide  in  a  sealed  tube  at  100°  p-bromophenyltri- 
methylammoniuiii  iodide,  melting  at  200°,  is  produced.  The  amine 
does  not  yield  a  eiystallino  platinichloride  on  treatment  with  platinum 
tetrachloride  and  hydrochloric  acid. 

^■BronioplieiLylbeyizylniethylcUlylamniOiiium  iodide  was  prepared  by 
mixing  allyl  iodide  and  /^-bromophenylbenzylmethylamine  in  mole- 
cular proportions.  On  standing,  a  crystalline  solid  and  a  very  viscous, 
dark  red  liquid  formed.   It  was  found  impossible  to  solidify  the  Uquid 
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by  auy  meao9,  and  accordingly  it  was  not  u^ied  in  any  of  the  succeed- 
ing ejcperiiueut8.  The  t>olid  form  v/as  dried  on  a  porous  plate  in  a 
VMCuam,  and  a  portion  was  recrystailised  from  hot  alcohol  by  the 
cantiouB  addition  o£  ether.  After  two  such  recrystallieations,  the 
melting  point  became  constant  at  133 — 134*^|  the  iodide  thea  being 
obtaaofed  ia  beautiful  irideaceat  lamiDB : 

0*2103  gave  0*3527  00,  and  0*0846  H,0.   0-45*74 ;  H-451. 

Ci7U:,9NBrI  requires  0  »  45*94 ;  H-4*32  per  cent. 

^'Bro/Mphenf/lbenzi/lfnethi/lallylammoniuni  d-bjoniucujnphorsuiphonale 
was  prepared  in  the  usual  manner  from  molecuiur  quantities  of  the 
silver  salt  and  the  substituted  ammonium  iodide.  After  evaporating 
the  ezoess  of  solvent,  the  solid  residue  slowly  became  cryetaliine. 
It  was  found  bo  be  capable  of  recrystallisation  if  ether  was  very 
cautiously  added  to  its  acetone  solution.  The  product  so  obtained 
was  inclined  to  be  somewhat  indefinite  in  crystalline  straeture  at 
fint,  but,  alter  two  or  three  recrystallii>ations,  this  was  no  longer  the 
case.  After  five  such  recrystallisattond,  it  melted  at  137^138^,  and  a 
determination  of  its  rotator/  power  gave  the  following  result ; 

0*1414  gram  in  13*2963  grams  of  mter  gave  aj,  0-91°,  whence 

[ttjo  42-7b°  and  [M]„  268  2^. 

The  rotatory  power  of  the  bromocamphorsulphonate  ion  being  about 
275°,  it  follows  that  slight  resolution  has  occurred,  the  licvo-form  of  the 
base  separating.  This  result  was  confirmed  by  precipitating  the  sub- 
btituted  ammonium  iodide  from  the  above  solution  by  the  addition  of 
bolid  potassium  iodide,  when  its  solution  in  alcohol  was  found  to  be 
slightly  Ifsvorotatory. 

p-Br(mwpftMfflb»fuylinethyl(dli/lammomum  d-Campkor^ulpkonaU, — 
Owing  to  the  slow  resolution  of  the  bromocamphorsulphonate^  the  corre- 
sponding camphomulphonate  was  prepared  in  a  similar  manner  by  the 
interaction  of  silver  tf-camphorsulphonate  and  the  ammonium  iodide. 
The  residue,  after  the  excess  of  solvent  had  been  evaporated,  crystallised 
vspidljr.  By  adding  light  petroleum  to  its  acetone  solution  and  then 
slowly  abitorbing  the  acetone  by  means  of  sulphuric  acid,  it  was  easily 
recrystallised,  and,  after  four  repetitions  of  this  process,  a  determination 
showed  that  resolution  was  effected  far  more  rapidly  than  in  the 
former  case : 

0  1 489  gram  in  13  01 86  grams  of  water  at  15"^  gave  an  -0*04, 
whence  [«„]  - 1-735'^  and  [Mj„  -  9-5° 

As  resolution  proceeded  the  solubility  of  the  oamphoraulphonnte  in 
acetone  rapidly  diminished,  and  a  mixture  of  acetone  and  ethyl  acetate 
was  used  as  solvent.  The  use  of  alcohol  instead  of  ethyl  acetate  in 
this  connexion  seemed  to  favour  the  separation  of  the  dextro-form 
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of  tlie  base,  the  value  of  [M]u  diminiabing  and  beoomiDg  markadly 
poflitive. 

After  twenty  recrjetalHsations  from  the   above  mixtave^  the 

rotatory  p3wer  became  constaat,  and  the  salt  was  obt^ained  in  needlee 

melting  at  169°  : 

01729  gave  0  3725  CO.^  and  0  0999  C  =  5876  ;  H  =  6*42. 

a^fH^O^NBrS  requires  GvdO  OS  ;  H- 6*26  per  cent. 

Tne  following  determioationa  of  rotatory  power  were  made : 

▲fear  twenty  reeryatalliaationa,  0*1819  gram  in  18*231  grams  of 

water  at  le"*  gave  ao  -0  76^  wbenee[a]o  »35'd5'>and  [MJ„  -  140*01  ^ 
After  twenty-three  resrystalli^ations,  0'1324  gram  in  13*9716 

grdms  of  water  at  15°  gave       -  0  49°,  whence  [ajp  -  25*85®  and 

[M]o  -141-65^ 

0  1774  grain  in  12  7011  grams  of  water  at  15"^  gave  a|>  -0  71% 
whence  [a],,  -  25  59^  and  [MJ©  -  140-2° 

Henee  the  mean  value  for  the  basic  ionat  15®  is  -(140*6^+50  6®)» 
- 191-13®. 

The  effect  of  obange  of  temperature  oa  the  rotatory  power  of  tlie 
solution  of  the  oamphorsulphooate  was  next  investigated,  with  the 
following  results.  The  solution  used  eontained  0*1791  gram  of  salt  in 
16*9946  grams  of  water : 

[M]n 


[a]... 

[Mj... 

for  basic  ioo. 

r 

-0-66' 

-26-48' 

-1451" 

-  1»31' 

10 

0*65 

S6*01 

142*5 

192-0 

18 

0-53 

25-08 

137-4 

189  0 

31 

0-50 

23-73 

130  0 

183*6 

40 

0-49 

23-34 

127-9 

183-5 

50 

0-47 

S2'49 

123*S 

180-S 

i^-BromophenylhtnstylnulhylaUylammoniuM  iodide  was  slow  ly  precipi- 
tated from  the  aqueous  solution  of  the  camphor^ulphonate  by  the 
addition  of  solid  })otas8ium  iodide.  Tho  crystals  separating  were 
washed  and  dried,  and  then  melted  at  134 — 135®.  Recrystallisation 
from  cold  alcohol  did  not  alter  this,  and  a  mixture  ol  the  active  and 
inactive  iodides  melted  at  134°.  Determinations  of  its  rotatory  power 
were  made  in  aleohol  and  in  chloroform  solutions : 

0-1246  gram  in  10-4191  grams  of  alcohol  at  15°  (density  of  8olutioii» 

0-81)  gave  aj,  -  1-04°,  whence  [a]n  -53-68^  and  [M]„  -  240'5°. 

0-OlH)l  giiun  in  10'2236  ij;iamsuf  alcohol  at  14  '  (density  of  solution  =■ 
0-808)  gave  a,,  -  0  86^  whence  [a]„  -54  9^  and  [M]„  -243-7°. 

0*0912  gram  in  17-3176  grams  of  chloroform  at  15*^  gave 
(fifteen  minutes  after  making  up)  ao  -1*12°  whence  ]a Jo  -71-37'^ 
and  [M]r>  —316-9°;  after  one  hour,  aj>  -  1-56  ;  after  two  hour^, 
a„  -  1  -3° ;  after  three  hours,      -  1  -07"   alter  four  houra,  aj,  -  0-95''  ; 
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after  six  hoars  aj>  '0*78";  afier  nine  hours,  -0*55?.  Afetheezpira* 
tion  of  twenij-foar  hours  the  solutum  was  quite  inactive. 

0*1434  gram  in  16*8102  grams  of  chloroform  at  16°  (density  of  solu- 
tion*-1*496)  gave  tto  -  I*8P  ten  minutes  after  making  up  solution ; 
hence  [a]o  -  72"  and  -319*7".  This  solution  was  also  quite  in- 
active after  standing  for  twenty-four  hour^.  By  extrapolation  from  the 
curve,  the  value  of  [M]o  at  the  instant  of  making  up  the  solution 
was  -346". 

The  results  obtained  ore  summarised  in  the  following  table  : 


M.  i>.  of 
<i  broino- 


Time 
rec|Qired  fat 

cam [>1  etc  race* 


U.  p.  of    tf^iuphor-  camphor- 
Mtiva Iodide,  tulphonate.  salphonsto. 

Phlfc(C4H,X<VH.)NI: 

ioQ 
at  15*. 

85*e* 

iodide      iodule  iu  chlorolbiui 
in  aloohol.  cbloroform.  aolatioa. 

106*1*       123*0*      0  hours 

C^BrMe(CJI,)(C,H«)NI ; 
126             —  — 

98  0 

114*8 

187*9 

w  » 

CeH^Br-AIe(C,H9)(C,H,)NI : 

137         174-175"*  — 

-309-i 

-354-2 

"181-5 

q,H,Br-Me(C3He)(C.I!,)NI : 
134—135         169  137—133 

-1911 

-2421 

-346*0 

In  all  cases  previously  recordetl,  the  value  of  [M][,  for  the  iodide  is 
jjrreater  in  chloroform  than  in  alcohol  solution,  and  the  former  solution 
soon  becomes  inactive,  owing  to  raceuiisation.  This  relation  hohis  for 
the  above  compounds  also.  The  value  of  [Mj^  for  the  iodide  in 
akohol  is  in  each  case  greater  than  that  of  the  basic  ion  in  water ; 
again  a  relation  to  which  practically  no  exception  is  known. 

Xhe  influence  of  temperature  on  the  rotatory  power  of  the  ion  in 
aqueous  solution  h  uuiform  and  of  the  usual  Hnear  type,  the  diagrams 
obtained  being  in  every  way  similar  to  those  previously  published 
(/o0.  sti.).  As  usual,  the  effect  is  comparatively  slight,  being  greatest 
by  far  In  the  case  of  the  allyl  member  of  the  brominated  series*  where 
it  is  about  16  per  cent.  The  melting  point  of  the  resolved  iodide  and 
of  the  inactive  compound  were  in  each  case  practically  identical,  and 
both  compounds  showed  the  usual  property  of  melting  at  a  tempera- 
ture appreciably  below  their  true  n^jslting  point  if  heated  slowly. 

The  following  table  brings  out  the  chief  relationships  observed 
between  the  values  of  [M]o  for  the  ions  containing  the  groups 
meutioned : 


•1  N  2 
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PbeDylaMthjrl   

j^Bcomophenylmetbjl  ... 


n-Butyl.  woBatyl. 

Allyl.  Bouzyl.         Alljl.  Benzyl. 

253  0'  55'  323' 

(Wedekiod)     (Thomu  (Thomas 
andJonM)  aadJonM) 
M*0  80»*4  96  — 

(Thomas 
and  Jodm) 

Phenylbenzyliuethylallyl   166*  (Pox)0  and  PeacLey) 

l»>Bn>iiiopli0DylbeiisylQMt]iy]al1yl  ...  101*1 

It  will  be  seen  from  ihU  that  the  relation  found  in  the  allyl  series 
by  JoQM  and  Hill  (Trans.,  1908,  93,  295  1 M?.),  that  the  bromioatod 
compound  has  a  higher  molecular  rotatory  power  than  the  oorrespond- 
ing  uobrominated  compound,  holds  good  in  all  the  above  cases.  In 
the  case  of  the  oorresponding  n-butyl  and  iiobatyl  compounds,  no 
general  relation  is  shown.  In  one  of  the  above  esses,  the  valnes  are 
nearly  identical,  whilst  in  the  remaining  two  cases  they  differ  widely. 

The  oompoonds  described  in  this  paper  show,  however,  one  marked 
difference  from  the  majority  of  those  previously  examined.  It  has 
been  stated  above  that  the  eolation  of  the  active  iodide  in  chlorofonn 
rapidly  becomes  insctive  owing  to  raeemisatton.  The  time  required 
for  complete  loss  of  optical  activity  is  osually,  at  least,  thirty-six  to 
forty-eight  hours,  and  sometimes  considerably  more.  The  n-batyl 
compounds  require  far  less  time  than  this,  as  will  he  seen  from  the 
table.  Only  one  case  of  similar  rapidity  has  bsen  previously  noted, 
namely,  ^-pheoylbenzylmetbylMobutylammoniuui  iodide,  which  re- 
quires only  seven  hour^.  The  ;^-bromophenylbenzyImethylallyl- 
ainmoiiium  iodide  is  also  more  rapid  than  usual,  requiriug  only  twenty- 
four  hours  for  complete  racomisation. 

The  relation  between  the  values  of  the  molecular  rotatory  powers 
of  the  ions  and  the  values  of  the  product  of  asymmetry  for  the 
asymmetric  nitrogen  atom  or  ion  may  now  be  discussed. 

The  formula  for  th#  product  of  asymmetry,  p",  in  terms  of  the 
molecular  weights  or  ''masses"  of  the  four  alkyl  groups  a,  6,  c,  d 
producing  Uvsymmetry  has  been  shown  (Thomas  and  «[oQe8,  loe,  cU,f 
306)  to  be : 

p"  -  {{a  -i-  <<)  -  (6 + c)}{(a + 6)  -  (c  -h  d)}(a  c)(6  -  d) 

(a+6+c+<l>*  • 
whilst  it  has  been  pointed  out  that  there  are  three  possible  valuss  of 
ff\  oorresponding  to  the  three  possible  configurations : 
d 


I. 


13 

¥  Id 


ill. 


In  the  case  of  the  phenylmethyUit-butylaUylammonium  iodide,  the 
values  are  as  below,  those  of  the  corresponding  Mobutyl  and  Yt  propyl 
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compounds  being  appended  for  purposes  of  comparison.  The  values 
are  those  given  by  Thomaa  and  Jones  (Joe*  cU,) ; 

PkmnylfMtkylaU^  Smn \  a^Ofi,J<^l),  6-CH,(15),  ^-C^H^dl). 

[M).  I.  II.  III. 

for  basic  ion.     p"  xW.         p"x\(fl.  |»"xlO\ 

n-Butyl   SS-e*  +054'  +Oir  +2-73' 

n-Propyl   106'5  -0  59  -0  44  -05 

tioBiityl   55*0  •fO-54  +0*11  +878 

To  the  /^-bromopheuylmethylallyl  series  (Trans.,  1908,  93,  308) 
the  }^butyl  and  benzyl  members  have  been  added : 

a  =  CflH^Br(156),  h  -  CH,(16),  c  =  OjH,(41). 

[M]o  I.  II.  III. 

for  basic  ion.   i>"xlO".         |»"xlO».  i»"xlO». 

S;fBn*??i:::7::::::::::::  w}  -^^-^ 

«-Propjrl   141  +9*48  +8*4  +1*8 

The  benzyl  member  may,  however,  be  more  appropriately  compared 
with  the  values  of  Pope  and  Pcachey's  similar,  but  unbrominated, 
analogue  (Trans.,  1899,  75,  1127)  : 

am  OeHj  or  C,H,Br,  6  =  OH.,  c  -  CjH„  d  «  C^H,. 

[Mlo  I.  II.  III. 

forbaaicion.         x  10».  |»"xlO^.         ji"  x  10^. 

•    Bromioated    191  1*  -773  -071  +14-6 

Unbromiaated   167*0  -O-OZ  +4*87  -1*66 

In  the  case  of  />-bromophenylmethyl-n-butyIa11yIammonium  iodide, 
the  only  available  comparison  is  with  Wedekind's  similar,  but  un- 
brominated, compound  : 


a  «  OfH^Br  or  C«H»,  h  -  OH,,  e  -  Ofi^,  d  -  C^H^ 

[M]o  I.  n.  III. 

for  basic  ion.      ft'  x  10**  p"  x  1 0'.  p"  x  10\ 

Brominated    309-4"  -2  92  +8  67  -0-66 

Unbrominated   253  0  -0'26  +2-46  -171 

A  glance  at  the  above  figures  suffices  to  show  that  there  is  no 
simple  relation  between  the  values  of  p"  and  [Mjo  for  the  ion.  By  no 
Arbitrary  assumption  as  to  the  configuration  to  be  assigned  to  given 
compounds  can  this  difficulty  be  overcome.  The  only  approach  to 
regularity  lies  in  the  last  two  tables  above,  where  the  value  of  [M]^ 
for  the  ion  is  greater  for  the  brominated  than  for  the  unbiominateiA 
oompound,  whilst  the  value  of  p**  is  also  greater  if  we  assign  to  botii 
compounds  configuration  I  or  III  in  the  first  table  and  I  or  II  in  tiM 
second  table. 
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The  almost  idooiical  TAlnesof  the  n-  and  tto-butyl  compounds  of  the 
p-bromophenjlmethylallyl  series  is  worthy  of  note.  A  similar  case  is 
found  in  the  n-  and  t^o-propyl  compounds  of  the  corr^ponding 
unbrouiiualed  series. 

The  writer  desires  to  express  his  thaDkt  to  Mr.  H.  O.  Jones  for  hie 
kind  interest  and  advice  throughout  this  investigation. 

The  expenses  of  Uus  work  have  been  defrayed  by  grants  kindly 
made  by  the  Government  Qrant  Cbmmittee  of  the  Boya!  Society,  for 
which  the  author  is  glad  to  make  this  grateful  acknowledgment. 

Univsiisity  Chrmical  Labobatobt, 

(Jambuidok. 


CXIX. — Adds  as  Accelerators  in  the  AceiylcUian  of 

AmifUhtproups, 

By  Alice  Emily  Smith  and  Kbnnbdt  Josbpu  Pa&viT^  Ohton. 

Di-o-suBSTiTUTED  anilines  are  notorioosly  diiBctilt  to  monoacetylale  by 
means  of  aoetio  anhydride  if  the  two  ortho-plaeed  atoms  or  groups  are 
of  negative  oharacter.  Remmers  (3er,f  187i»  7,  860),  who  investi- 
gated systematically  the  effect  of  the  constitution  of  the  aniline  on 
the  rapidity  and  readiness  of  acetylationt  ascertained  that  of  negative 
substitnents  the  nitro-group  more  effeotoally  prevente  aeetyJation 
than  the  halogens.  Boiling  or  heating  these  anilines  under  pressure 
with  scetie  anhydride  leads  to  the  formation  of  a  di^  bat  not  of 
a  mono-acetyl  derivative  (Remmers,  loc.  eit.  ;  Ulffeni  and  von  Jaason, 
Bf!r.,  1894,  27,  93;  Sudborough,  Trans.,  1901,  79,  632;  Orton, 
Trans.,  1902,  81,  495). 

Tlie  rapid  foriuation  of  the  diacetyl  derivative  canDot,  as  has  been 
suggested,  be  r(>garded  as  due  to  the  direct  action  of  the  anhydride  on 
the  aniline,  thus  : 

for  tlu'  iiiouoacetyl  derivative  is  lust  as  easily  converted  into  the 
diacetyl  compound  as  the  anilino  ;  moreover,  in  the  treatment  of  the 
aniline  with  the  anhydride,  the  monoacetyl  derivative  can  always  be 
recognised  in  the  early  stiiges  of  the  acetylation.  Sudborough's  view 
tliut  the  readiness  of  diacetylatiou  is  conditioned  by  the  stability  of 
an  acetate  f«  rined  from  the  monoacetyl  derivative  and  the  acetic 
anhydride  is  not  o{>en  to  the  same  objection. 

^Vho^  t\u-  di  «-siibstitut4^d  aniline  has  two  or  more  methyl  (or  alkyl) 
groups  as  subfltituents  in  the  nucleus  (xylenes,  ^umene^  &c),  one  of 
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which  groups  is  in  juxtaposition  to  the  amino-group,  acetylation 

is  norrual. 

We  have  made  the  observation  that  the  acetylation  of  such  di-o- 
substituted  anilines  (for  example,  5-tribromoaniline)  by  acetic  anhydr- 
ide is  onormousiy  accelerated  by  .strong  acids.  Hydrochloric,  sulphuric, 
perchloric,  and  trichloroacetic  acids  have  been  used  as  catalysts. 
Nitric  and  chromic  acids  behave  exceptionally,  the  former  producing 
a  nitroamioobeDsene  (Orfcon,  Trang.,  1902,  81,  490»  860),  and  the 
latter  acting  as  an  oxidising  agent* 

The  effect  of  the  acid  as  an  accelerator  ia  made  obyioos  by  the 
following  ezperiment.  A  solution  of  one  gram  of  s-tribromoaniline  in 
20  0.0;  of  aoetie  anhydride  was  kept  for  a  fortnight  at  the  ordinary 
temperature;  The  aolid  was  then  precipitated  by  addition  of  warm 
water ;  it  melted  at  119^,  the  melting  point  of  the  pure  anilina  A 
similar  aolntion  was  treated  with  two  drops  of  ooneentrated  snlphnrio 
•eid  (about  1  gram-moleoalar  proportion),  the  miztnre  being  kept  at 
the  ordinary  temperatnre ;  at  the  end  of  ten  minntes,  it  was  poured 
into  warm  water;  the  solid  whieh  separated  melted  at  231^  the 
meltiDg  point  of  s^tribromoacetanilide  being  232^  (corr.). 

The  aosCylation  also  takes  place,  but  not  so  rapidly,  if  the  pro- 
portion of  acetic  anhydride  is  reduced  and  the  mixture  dilated  with 
glacial  acetic  acid.t 

Experiment. — One  gram  of  «-tribromoainline  was  dissolved  in  a 
mixture  of  40  c.c.  of  glacial  acetic  acid  and  4  5  c.c.  (15  gram-molecular 
proportions)  of  acetic  anhydride  to  which  0'16  c.c.  (1  gram -molecular 
proportion)  of  sulphuric  acid  (96  per  cent.)  was  added.  The  mixture 
was  maintained  at  the  ordinary  temperature.  At  the  end  of  ten 
minutes,  91  per  cent.,  and  at  the  end  of  twenty  minutes  98 — 99  per 
cent.,  of  the  aniline  was  found  to  be  acetylated.  The  composition  of 
the  mixture  was  determined  by  estimation  of  the  bromine.^ 

*  Since  nitric  add  and  aoetie  anhydride  eoaveit  the  aniline  into  a  nitroamino, 
Ar*iril^-f-HO'NO,sAr*HH*KO,«l-H40,  it  might  have  been  anticipated  fbat 

anilldesof  sulphuric,  for  example,  Ar*NH*SO|lf,orof  pei  hi  ricadd,  Ar'NH'ClO,, 

would  bo  produced.   No  indication  of  the  presence  of  such  suljatanfoa  wns  detected. 

t  The  coniiuej  ciiil  ;icetic  anhydride  (i)uri8S.)  was  found  to  contain  tr;i('»'.s  of  sulphate 
and  chloride,  wliich  were  removed  by  careful  distillation.  The  acetic  acid  used  by 
us  was  fractionated,  and  then  melted  at  16  T.  Hence  it  contained  0*3  per  cent,  of 
wafer. 

X  When  in  a  mixtore  of  «-tribromoaniline  and  ^trihromoaoetanilida  both  aab- 

stances  arc  present  in  considerable  proportion,  separation  is  exceedingly  difficult  to 
bring  about  by  rccryHtAlIisation  from  the  usual  solvents.  It  is  possible,  however,  to 
extract  tho  inilide  from  the  mixturo  by  addition  of  10  per  cent,  of  sodium  liydroxide 
to  a  susji. -i^ion  of  the  soliil  in  alcoliol.  Tlif^  anilidc  entirely  dissolve-,  ami,  if  the 
liquid  ia  Huthoiontly  diluted  with  water,  no  aniline  remains  in  solution  ui  tite  dilute 
alcohol.  If  any  diaoetyl  deriTative,  which  is,  of  conne,  inaolvUe  in  the  alkali,  Iw 
present,  it  remdna  mixed  with  the  aniline  (compare  Orton,  Trana,  1902,  81,  495,) 
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Inasmuch  as  acetic  anhydride  iswithout  action  on  tf-tribromoaniline 
at  the  ordinary  temperature  and  yet  at  the  boiling  point  converts  the 
aniline  into  the  diacetyl  derivative,  trials  Iiave  homi  made  with  acetic 
anhydride  at  temperatures  varying  between  70"^  and  100**,  and  with 
mixtures  of  acetic  acid  and  anhydride  at  these  temperatures  and  at 
their  boih'ng  point.    In  all  cases,  a  slow  acetylation  took  place. 

Experiineiit. — (1)  A  solution  of  1  gram  of  the  aniline  in  20  c.c.  of  the 
anhydride  was  heated  at  75^ ;  after  two  hours,  the  product  contained 
25  to  30  per  cent,  of  anilide.  More  (-prolonged  heating  showed 
that  convenion  of  the  mono-  into  the  di-acetyl  derivative  followed 
hard  on  the  fomaUon  of  the  former ;  the  melting  point  of  the  product 
rose  to  a  maximttm  at  192°  in  three  hours,  and  then  gradually  fell 
until  the  melting  point  of  the  pure  diaeetyl  derivative  (125^)  wai 
reaobed  (see  p.  1246). 

(S)  ▲  solution  of  1  gram  of  the  aniline  in  a  mixture  of  15  ae. 
el  aoeiio  anhydride  and  20  co.  of  aoetie  acid  was  boiled  in  a  rafloz 
apparatus.  After  six  and  a-half  hours^  some  50  per  cent,  of  the 
aniline  was  converted  into  the  monoacetyl  derivative ;  alter  forty- 
eight  hours,  the  transformation  was  complete ;  alter  ninety -six  hounT 
boiling,  no  lurtber  change^  namely,  that  of  the  mono-  into  the  di^ioetyl 
derivative^  was  detected. 

Other  anilines  with  like  substituents,  lor  example,  2 :  d*dibromo4- 
nitro-  and  2 : 4-d{bromo>6«nitro  aDitiDe8,  behave  generally  in  the 
Banie  way  as  2  :  4  :  6-tribromoanilinc.  They  are  not  only  acetylated  by 
acetic  anhydride  extremely  slowly  at  100',  but  are  c  onverted  in  some 
cases  with  even  greater  readiness  than  the  ^-tribromoaniliue  into 
diacetyl  derivatives  when  boiled  with  this  reagent.  In  the  presence 
of  mineral  acid-^jthey  form  monoaoetyl  derivatives  with  great  rapidity. 

The  result  is  very  different  when  anilines  of  other  constitution  are 
treated  in  the  manner  described  in  the  foregoing.  The  acetylation  of 
an  aniline  in  which  only  one  ortho-position  is  occupied  by  a  negative 
group  is  an  extremely  rnpid  process.  When,  for  example,  a  solution 
of  0*5  gram  of  2  :  4-dibromoanilin6  in  45  c.c.  of  glacial  acetic  acid  to 
which  1'25  cc.  (6^  gram-molecular  proportions)  of  aoetio  anhydride 
was  added*  was  kept  for  five  minutes  at  the  ordinary  temperature  and 
then  poured  into  boiling  water,  a  quantit^itive  yield  of  the  correspond- 
ing anilide  (m.  p.  144°)  was  obtained.  The  addition  of  mineral  acid 
-defireseee  the  speed  of  acetylation. 

Thus,  on  addition  of  2-gram-molecular  proportions  of  hydrochloric 
acid  to  the  mixturCt  the  presence  of  the  anilide  in  the  product  can  only 
just  be  detected  (by  Iractional  precipitation  of  the  solution  by  water) 
at  the  end  of  five  minutes;  in  an  hour,  however,  acetylation  wu 
eomplde. 
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A  series  of  experiinentR  on  the  acetylation  of  aniline  demonstrate 
the  inhibiting  effect  of  acid  on  the  speed  of  acetjlation. 

percentage 

OlftcUl  Sulphiirio  ofaailine 

Aniline,  acetic  aeid.  Acatie  Ukliydride.  abid.  Anilide.  a<  ( tylated. 
^.  Igmn      20  ae.      10  o.e.  (9  gr.-moL)    0  l*S4gr.  92 

B,     „  „  „  Igr.  mol.      1'25  „        85  7 

O,     „  „  S*8c.c.  (3gr.-mo1.)  0  I'W  „  88*6 

D,     „  M  ••  1  gr.-mol.      0'48  „  29*6 

The  four  mixtures  were  kept  for  one  and  a-half  hours  at  10°,  then 
poured  into  35  o.o.  of  wmrm  water,  and  the  liquid,  which  was  placed  in  a 
■hallow  glass  dieh,  wee  evaporated  at  the  ordinary  temperature  by  draw- 
ing rapidly  over  it  a  current  of  air.  The  anilide,  which  leparaied  in 
large  crystals,  was  collected  and  weighed.  In  experiment  Af  the 
acetylation  c»f  the  aniline,  which  was  shown  in  other  experiments  to  be 
complete  in  a  few  minatea,  was  probably  quantitative,  the  solnbiUty  of 
the  anilide  in  the  dilute  acetic  aeid  aoooonting  for  the  deficiency  of 
8  per  cent.  ▲  comparison  of  A  with  and  C  with  D,  brings  ont 
▼ery  clearly  the  reduction  of  the  rate  of  acetylation  by  the  mineral 
add. 

Bfid  qftiU  Nature  of  tint  AeUk-^-la  testing  the  effect  of  acids  other 
than  sulphurif^  difficnlUes  arise,  on  the  one  hand,  owing  to  the  low 
sdlnbifity  of  the  aeid  in  the  acetic  acid  or  anhydride,  and,  on  the 
other,  in  the  preparation  of  the  acids  in  a  highly  concentrated  form. 

Nitric  and  chromic  acids,  which  offer  less  difficulty  in  these  respects, 
behave,  as  previously  stated,  exceptionally  ;  the  acceleration  of  acetyl- 
ation is  masked  by  other  reactions,  although  trac^  of  the  acetyl 
derivative  can  be  detected  with  each  acid. 

We  have  been  able,  however,  to  demonstrate  satisfactorily  the 
accelerating  effect  of  hydrochloric,  perchloric,  and  trichloroacetic 
acids. 

A  solution  of  0  5  gram  of  a-tribromoaniline  in  10  c.c.  of  acetic 
anhydride  to  which  was  added  0*15  co.  of  a  37  per  cent,  solution  of 
hydrochloric  acid  (1  gram-molecular  proportion)  was  kept  for  one  and 
a-half  hours,  and  then  poured  into  warm  water.  ^-Tribromoacetanilide, 
which  separated,  melted  at  227—229°  instead  of  at  232°.  As  hydro- 
chloric acid  is  all  but  insoluble  in  acetic  anhydride,  the  concentration 
of  the  acid,  owing  to  its  obvious  escape  from  the  solution,  must  have 
fallen  below  the  initial  value. 

Experiments  carried  out  in  acetic  acid  solution,  in  which  hydro- 
oihloiic  acid  is  somewhat  more  soluble,  led  to  a  similar  result.  The 
aniline  and  anhydride  were  in  the  mdeeular  latio  of  1 ;  16,  2  gram* 
molecules  of  the  hydrochloric  acid  being  present. 

Perchloric  add  was  used  in  the  form  of  a  5il^8olution.   In  one 
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ezf eriment,  oim  gnni  of  t4ribromo«iil1ine  ditsolTttd  ia  38  of  aMtio 
moid  (98  per  otmt)  was  trMtod  witii  6*45       (18*3  gEm»4Doloednr 

proportions)  of  aoetic  anhydride  and  0*6  c.c.  ( I  gram-molecular  propor- 
tion) of  5A' (50-25  per  cent.)  perchloric  acid.  The  mixture  was  kept 
for  hall  uri  houi  at  the  ordinary  temperature,  and  then  poured  into 
warm  water.  The  solid  material  thus  obtained,  which  was  a  mixture 
of  «-tribromo-&iiilioe  and  -acetaniUdey  contained  50  per  cent,  of  tbe 
latter. 

Trichloroacetic  acid  accelerated  the  acetylation,  but  in  a  far  le^ 
pronounced  manner  than  the  other  acids  which  were  tested.  In  an 
experiment  Himilar  to  that  just  described,  only  20  per  cent,  of  the 
anilide  was  produced  after  twenty  hours  at  the  ordinary  temperature. 

Formation  of  DiaottylanUidei, 

The  formation  of  diacetyl  derivatives  is  aided  by  the  preoence  of  an 
acid,  but  in  nothing  like  the  same  degree  as  that  of  the  moMaeetyl 
derivatives. 

A  solution  of  0*2  gram  of  t-tribromoanilioe  in  20  c.c.  of  acetic 
anhydride,  to  which  0*25  gram-moleenlar  proportion  of  solphiirie  add 
was  added,  contained  only  the'moaoace^l  derivatiTe  after  ten  minntes. 
After  remaining  for  three  hom  at  the  ordinary  temperature,  the  fptma- 
tion  of  the  diaoetanilide  was  distinctly  ehown  by  the  depression  ef  the 
melting  point  from  23  P  (the  melting  point  of  the  monoacetyl  derir- 
ative)  to  193—219*,  bttt  only  after  forty-eight  hours  was  the  diaeetyK 
ation  oomplete. 

If,  on  the  other  hand,  this  mixture,  eontaiaing  the  Bwaeaestyl 
derivative  and  the  eulphnrie  acid,  was  maintained  at  70 — 80^»  imtead 
of  at  the  ordinary  temperature,  a  quantitative  eonvmion  into 
the  diacetyl  derivative  was  brought  about  in  one  hour.   That  the 

elevation  of  temperature  alone  is  not  theciuseof  this  rapid  production 
of  the  diacetyl  derivative  i.s  shown  by  the  fact  that  only  after  seven 
hours'  heating  of  a  solution  of  the  monoacetanilide  in  acetic  anhydride 
at  70 — 80°  is  some  70  per  cent,  of  the  diacetaniliile  formed. 

At  the  ordinary  temperature,  no  change  was  detected  in  a  solution 
of  the  acetanilide  in  acetic  anhydride  after  a  long  period.  The  mixture 
of  acetic  anhydride  and  acetic  acid  used  by  us  (p.  1249),  as  the  ejtperi- 
ments  described  in  the  foregoing  demonstrate,  will  not  carry  tlie 
acetylation  further  than  the  formation  of  the  monoacetyl  derivative. 

The  speed  of  diacetylation  is  markedly  dependent  on  the  oonstitutioii 
-of  the  aniline.    For  example^  when  a  nitro-group  replaces  the  pum 
placed  bromine    atom,   as    in    2 : 6-dibromo-4-Ditroaniline,  aaono- 
acetylation  in  acetic  anhydride  solution  is  complete  in  five  miaotea  in 
the  presence  of  a  quarter  or  even  one*thirteenth  gram-molecular  pvo- 
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porfcion  of  Bolphnric  add.  This  is  all  tlM  more  romarkable^  as  tlie 
Bolttbility  of  thk  amliiia  is  snoli  that  on  using  30  c.o.  of  anhydride  for 
0*5  gram  of  aniline,  the  major  part  of  the  base  remains  in  suspension. 
If  the  aniline  is  sufficiently  finely  divided,  it  dissolves  very  rapidly,  the 
anUlde  partly  ssparating.  When  the  larger  proportion  of  sulphunc 
add  is  used,  the  formation  of  the  diaoetyl  derivative  follows  qaiekly 
on  that  of  the  monoacetyl  compound.  In  half  an  hour,  the  melting 
point  of  the  solid  product  fallB  far  below  that  of  the  acetuniiide,  aiid 
after  two  hours  is  that  of  the  pure  diacetyl  derivative. 

Aeeiylation  of  PhmoU, 

According  to  Skraup  (Moriatsh.f  1898,  19,  458),  the  acceleration  of 
acetylation  of  hydroxy-groups  by  sulphuric  acid  appears  to  have  been 
first  observed  and  put  into  practice  in  the  acetjlation  of  cellulose,  (be., 
by  Franohimont  (Compt.  i-md.,  1879,  89,  711).  This  chemist  used  the 
add  as  an  alternative  to  zinc  chloride  and  similar  reagents,  and 
seemed  to  regard  it  as  a  dehydrating  agent.  This  view,  however. 
Is  untenable  in  the  light  of  Skraup's  results.  The  latter  ascertained 
that  mere  traces  of  sulphuric  add  had  a  very  powerful  effect  on 
the  acetylation  of  various  hydro3[y-compounds  by  acetic  anhydride. 
Later,  Freyss  {BvlL  JSoo.  Ind.  Mttlhtnue,  1899,  44)  tested  the  use 
of  sulphuric  add  in  the  acetylation  of  phenols,  aldehydes,  and  amino- 
phenolB^  Ac.  Thiele's  preparation  (ibr.,  189$,  31,  1349)  of  acetyl 
derivatives  of  quinols  by  treatment  of  the  corresponding  quinones 
with  acetie  anhydride  and  sulphurie  add  can  scarcely  be  regarded  as 
a  reaction  of  the  ssme  type. 

To  test  the  effect  of  different  adds,  we  have  chosen  «-tribromophenol, 
which  yields  an  acetyl  derivative  (m.  p.  82^,  easily  isolated  and 
•weighed.  In  the  presence  of  0*25  gram-molecular  proportion  of 
sulphuric  acid,  a  solution  of  the  phenol  in  a  mixture  of  acetic  acid  and 
acetic  anhydride  (50  per  cent.),  kept  at  the  ordinary  temperature, 
contains  only  acetate  after  half  an  hour.  On  replacing  the  sulphuric 
acid  by  perchloric  acid,  acetylation  is  equally  rapid.  In  the  absence  of 
acid,'  the  phenol  is  unchanged  after  twenty-four  liours.  Nitric  acid 
reacts  with  the  phenol,  bromine  being  eliminated,  whilst  hydrochloric 
and  trichloroacetic  acids  scarcely  produce  an  appreciable  eii'ect* 

Pari  PUiif0d  by  iAs  AM. 

In  our  experiments,  we  have  demonstrated  that  many  acids,  not  only 
sulphuric  acid,  are  accelerators  of  acetylation.''^    For  this  effect  to 

*  In  D.R.*P.  147033,  a  method  of  acetylating  phonylglydne-o-carboxylic  acid  by 
sAturatinrr  a  solution  in  acetic  anhydride  with  dry  hydrogen  chloride  i«  described* 
The  reaction  appears  to  be  ascribed  to  the  formation  of  acetyl  chloride. 
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appear  in  the  case  of  amines,  our  resnlto  show  it  to  be  eosenti*l  that 
the  emino-group  should  poBsess  my  little  power  of  eombiniog  with 
acids  to  form  ammonium  salts^  The  speed  of  acetylatioii  of  the  mot« 

basic  anilines  is  lowered,  not  raised,  by  acids.  When  the  amino-group 
is  between  two  ortho-placed  (negative)  groups,  its  combining  power 
with  acids  is,  as  is  well  known,  greatly  reduced,  partly  possibly 
on  account  of  the  negative  character  of  these  groups,  and  partly 
by  virtue  of  a  steric  effect.  Moreover,  such  an  amino-group  reacts 
very  tardily  with  acetylating  agents,  such  as  acetic  anhydride  or 
acetyl  chloride.  Hence  the  specific  accelerating  action  of  the 
acid  has  an  opportunity  of  making  itself  felt,  and  is  no  longer 
masked  eitlier  by  the  conversion  of  the  amino-group  into  the 
ammonium  compound,  which  at  the  same  time  removes  the  acid,  or  by 
the  too  rapid  action  of  the  amiuo  group  with  the  acetic  anhydride. 

It  is  not  easy  at  present  to  state  with  precision  what  is  the  piirt 
pUyed  by  the  add.  Tbiele  and  Winter  {Annalen,  1900,  311,  341) 
are  of  the  opinion  that  in  the  acetylation  of  hydroxy- croups,  an 
anhydride  of  sulphuric  acid  and  acetic  acid,  GH|*CO*0* 80,11,  is  firet 
formed,  which  then  reacts  with  the  hydroxy-group.  This  subetaDce  was 
thought  by  Franchimont  to  be  preeent  in  solutions  of  sulphuric  acid 
in  aoetio  anhydride,  and  to  become  converted  into  a  eulphonie  deriv- 
ative of  aoetio  acid,  which  he  isolated. 

The  peculiar  behaviour  of  nitric  acid  may  he  accounted  for  in  this 
way.   The  anhydride  formed  thus : 

§2jiQ^>0+HO-NO,-CH,-CO,-NO,  +  CHj-COjH 

might  react  with  the  aniline  according  to  one  of  the  eqaations: 
Ar-NH,  +  CH,-COj-NO,  -  Ar-NH-NO,  +  CHj-UOjH 

or 

Ar-NHj  +  CHg-CO/NOg  =  Ar-NH-CO-CHg  +  HNO3. 

As  a  fact,  the  acetanilide  forms  a  very  small  fraction  of  the  product, 
whereas  in  the  ciise  of  sulphuric  acid  the  reaction  is  mainly,  if  not 
entirely,  Ar-NH,  +  CH^-OOj-SOgH  =  Ar-NH-CO-CHg -f  H,s6,.  The 
feeble  eit'ect  of  hydrochloric  acid  may  also  be  due  to  a  reluctance  to 
form  an  anhydride,  which  is  in  this  case  acetyl  chloride. 

If  the  cause  of  the  acceleration  is  to  be  found  in  a  union  of  the  acid 
and  anhydride,  it  may  be  suggested  that  the  complex  is  not  a  definite 

anhydride,  hut  rather  of  the  nature  of  an  oxonium  salt,  Q^^ioQ^^'^X* 

On  such  a  view  less  difference  would  be  expected  between  the  various 
acids  than  on  the  hypothesis  that  the  formation  of  an  anhydride  ia 
the  first  step. 

The  presence  of  an  acid  has  another  effect,  which  probably  pleya 
an  important  part  when  the  acetylation  is  carried  out  in  acetic  add 
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aolntion,  that  is,  in  greatly  accoIeratiDg  the  interaction  of  water  and 
the  anhydride.  In  this  way,  the  small  quantities  of  water  present  in 
the  acetic  acid,  or  in  the  ucid  added  us  catalyat,  are  removed,  and 
hence  the  reverse  reuctioOi  the  hydrolysis  of  the  anilidei  is  rendered 
impossible. 

The  effect  of  variation  of  tlio  proportion  of  the  acid  on  the  rate  of 
acetylation  of  aminos  and  phenols,  and  a  study  of  the  dynamics  of  the 
reaction,  are  under  investigation.  Tlie  preliminary  experiments  in- 
dicate that  the  speed  of  acetylation  is  proportional  to  the  square  of 
the  concentration  of  the  acid,  that  is,  doubling  the  concentration  of 
tho  acid  quadruples  the  Telocity. 

Pr^MTiUhn  of  the  Monoo/eityl  DerivaHva  of  DuortkO'iuUtUuUd 

AnUintt, 

Most  anilines  with  two  negative  groups,  such  as  the  halogens  and 
the  nitro-group,  in  the  ortho-position  with  respect  to  the  amiuo-group 
can  be  quantitatively  converted  into  their  monoacetyl  derivatives  by 
the  following  procedure. 

One  gram  of  the  aniline  is  dissolved  in  iO  c.c.  of  glacial  acetic  acid 
(98 — 100  per  cent.),  or  in  some  cases  when  the  aniline  is  very  in- 
soluble it  is  suspended  in  this  (|uantity  of  solvent.  Acetic  anhydride 
is  next  added  to  the  mixture;  we  have  generally  used  15  gram-mole- 
cular proportions  of  acetic  anhydride  to  one  gram- molecular  proportion 
of  aniline^  that  is,  from  about  4 — 6  c.c.  of  acetic  anhydride  for  one  gram 
of  aniline,  aeeording  to  the  molecular  weight  of  the  aniline.  0  08  c.c. 
(about  four  drops)  of  concentrated  sulphuric  acid  is  then  introduced, 
and  the  mixture  kept  at  the  ordinary  temperature  for  forty  Biinutee 
to  an  hour.  It  is  then  poured  into  100  c.e.  of  warm  water,  whereupon 
the  anilide  immediately  separates.  Increase  of  the  acetic  anhydride 
hastens  the  aoetylation,  but  there  is  danger  in  some  cases,  if  too  large 
an  ezoess  of  acetic  anhydride  is  present,  of  the  production  of  the 
diaoetyl  derivative. 

We  have  found  this  method  well  adapted  to  the  preparation  of  the 
monoacetyl  derivatives  of  3 ; 4 : 6-tribromoaniline  and  other  similar, 
s-trihalogen  anilines,  for  2 : 6-dtohloro-  and  2 :  C-dibromo-i-nitroanilines, 
for  2 : 4-dichlora>6-nitroaniline,  and  for  3-bromo-6-nitro-jp-toluidine. 

2 : 6-I>ibromoaniline  appears  to  be  somewhat  exceptional,  and  is 
acetylated  only  if  the  proportion  of  anhydride  is  considerably  higher 
than  that  given  above.  We  have  prepared  the  monoacetyl  derivative 
by  dissolving  the  aiiiline  in  acetic  anhydride  and  adding  the  usual 
proportion  of  sulphuric  acid.  The  acetylation  was  complete  in  two 
hours. 
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Preparation  of  Diaeetyl  Derivatives. 

The  di-o-substituted  anilioes  just  meaiioned  all  form  diaoelji 
derivatives  with  ease  in  tho  presence  of  mineral  acid  when  the  mixtnre 
of  aniline  and  acetic  anhydride  is  not  dilated  with  acetic  acid,  but  the 
rapidity  of  the  reaction  depends  considerably  on  the  constitution  of 
the  aniline.  For  example,  2  : 6-dibromo-J^nitIoaQiline  yields  a  diaoetjJ 
derivative  more  readily  than  s-tribromoaniline. 

B'Tribromodiamtanilide. — This  oompoiind  can  be  easily  prepared  in 
the  foUowiog  manner:  1  gram  of  t-tribromoaniline  is  dissolved  in 
40  CO.  of  acetic  anhydride  to  which  0*08  cc  sulphuric  add  (|  gram- 
molecular  proportion)  has  been  added.  The  mixture  is  placed  on  the 
water>bath  (70 — 80^)  for  one  hour,  and  then  poured  into  100  cc  of 
warm  water,  whereupon  the  diacetyl  derivative  crystallises  out  in  ibe 
pure  state. 

2 :  B-Dtehtoro-i  nitroacetanilide.  —  One  gram   of    the  aniline  is 

suspended  in  40  c.c.  of  acetic  anhydride  to  which  0'08  c.c,  of 
sulphuric  acid  has  been  added.  Tho  aniline  passes  iuto  solution,  the 
colour  disappearing  very  rapidly.  After  reoiaiuiiig  for  two  hours  at 
the  ordinary  temperature,  tlie  mixture  is  poured  into  warm  water. 
The  diacetanilide  separates  directly  in  a  nearly  pure  state,  melting  at 
Ids'"  instead  of  l^O"". 

The  AootykUioH  of  lleptabromo-^hydroxydiphenylamiM  {^-Tribromo- 
fUenjfl-2' :  3' :  5' :  Q''tetrabromO'i^*}fdroac^pken^iaiiUne), 

In  our  investigation  of  the  hydroxydipheuylamines  (this  vol.,  p.  3 1 4), 
we  were  unable  to  prepare  the  acetyl  derivatives  by  heating  the 
compounds  with  acetic  anhydride  and  sodium  acetate  in  the  ordinary 
way.  We  find,  however,  that  the  monoacetyl  derivatives,  in  which  the 
acetyl  group  ii  is  replaced  the  hydrogtMi  of  Ihe  liydroxy-group,  can  be 
very  easily  obtained  when  a  trace  of  sulphuric  acid  is  added  to  the 
anhydride  instead  of  the  sodium  acetate. 

0"5  Gram  of  heplabrointihydroxydiphenylamiue  is  suspended  in 
50  c.c.  of  acetic  anhydride  to  whicli  0*1  c.c.  of  sulphuric  acid  has  been 
added.  The  mixture  is  warmed  for  fifteen  minutes  on  tl»o  water-bath, 
when  the  compound  completely  dissolves.  On  cooling,  the  acelaU 
separates  in  small,  colourless,  granular  crystals,  melting  at  193°.  The 
insolubility  in  warm  alcoholic  soilium  hydroxide  showed  that  the  com- 
pound no  longer  contains  a  hydroxyl  group : 

01212  gave  0*2043  AgBr.   Br-  71*74. 

O^fifi^VBTj  requires  Br- 71*78  per  cent. 

UNlVSAblTV  COLUMK  OF  NoKTU  WALJiS, 
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CXX. — J%e  Hydrolysis  of  Ainyijdalm  by  Emvldn, 

Part  L 

By  8.  J.  MAMfloir  Auu>,  Ph.D. 

Enzymes  do  not,  as  a  genei*al  rule,  occur  singly,  and  it  is  frequently  a 
matter  of  difficulty  to  isolate  them  from  tlie  mixture.  The  influence 
of  these  enzymes  on  one  another  has  not  yet  been  made  the  subject  of 
much  investigation,  and  it  seems  within  the  range  of  possibility 
that  the  presence  of  other  enzymes  may  have  a  distinct  effect  on  the 
action  (compare  Henry  and  Auld,  Froc.  Roy.  Soc,  1905,  76,  By  568). 
It  IB  a  matter  of  concern,  therefore,  that  it  has  been  just  those 
fermente  oocnrring  with  numerous  others  that  have  been  employed  for 
the  etady  of  enzymic  action.  Maltasoy  diastase,  lymase,  and  lipase  are 
all  examples  of  this.  It  is  also  the  cmo  that  many  of  these  ensymes 
occur  in  numerous  forms,  and  theur  source  must  of  neoeseity  be 
regsrded  as  a  factor  both  in  their  action  and  their  examination.  The 
maltase  of  yeasty  of  malt,  and  of  germinating  Indian  com  (Bmr,,  1895,  . 
28, 1050)  are  very  decidedly  different  in  many  respects,  and  a  whole 
series  of  diastases  is  known. 

For  these  reasons  it  seemed  desbaUe  to  extend  the  investigation  of 
ensymie  aetimi  to  emnlsin,  which,  so  far  as  we  know,  can  be  readily 
obtained  in  a  state  of  "  purity,"  that  is,  unmixed  with  other  ferments. 
Further,  only  three  distinct  types  of  emulsin  have  been  described, 
namely,  tho  ordinary  emulsin  of  sweet  ami  bitter  ahiiondtJ,  Prunu8 
amygdalus  var.  dulcis  and  Pi'uaus  amygtlalua  var.  lunaru,  tho  emulsin 
of  Asperyillus  niyer,  to  which  H6rissey  (Uecherches  sur  I'Emulsin, 
TfUae,  Paris,  1899)  ascribes  a  special  action,  particularly  in  the  rale 
of  its  decomposition  of  arbutin,  and  an  emulsin  associated  with  phaseo- 
lunatin  (linamario)  in  young  flax  plants  and  seeds  and  in  Phaseolus 
lunatus  beans.  Tho  latter  enzyme  was  stated  by  Jorissen  and  Hairs 
[Hull.  Acad.  roy.  Behj.,  1891,  21,  518)  to  decompose  both  amygdalin 
and  linamarin,  whilst  the  emuUio  of  sweet  almonds  was  without  action 
on  the  latter.  It  has  been  shown,  however,  that  Jorissen  and  Hairs' 
emulsin  is  probably  a  mixture  of  ordinary  emulsin  with  a  maltase  like 
ferment,  which  causes  the  decomposition  of  phaseolunatin.  It  is 
possible,  also,  that  H^rissey's  cupergillus  emulsin  is  identical  with 
that  of  almonds,  the  evidence  to  the  contrary  being  rather  un- 
satisfactory. 

A  third  fact  renders  the  investigation  of  emulsin  action  necessary 
and  advantageous;  on  Fischer's  system  of  relating  enzyme  action  to 
configuration,  emulsin  is  the  ferment  which  alone  decomposes  the 
^glucosides,  and  in  this  way  is  complementary  to  maltase,  which  only 
attacks  the  a^isomerides. 
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The  liydrol)  tic  action  of  oniuUin  has  cot  been  the  subject  of  much 
investigation.  One  or  two  old  and  practically  valueless  publications 
exist  (compare  Marckwort  and  Hiifner,  J.  pr.  C/ietn.,  1875,  [iij.  11, 
202),  and  the  only  work  of  any  importance  on  the  subject  is  that  of 
Tammann  {Zeilsch.  phyaioL  Chem.,  1892,  16,  271),  who  examined  the 
action  of  emulsin  at  the  same  time  as  that  of  invertase  and  diadtase. 
Although  generally  regarded  as  a  valuable  invt  stigation,  it  contains, 
even  in  the  small  part  devoted  to  emuUin,  numeious  inaccuracie.4, 
some  of  which  will  be  referred  to  and  discussed  later.  It  must  also 
be  remembered  tbat^  at  the  time  of  tbe  mvestigaiion,  the  law  of  maa 
was  supposed  to  govern  the  coarse  of  enzyme  action. 

•  It  was  decided  to  studj^  tbe  action  of  emulsin  principally  with 
regard  to  its  hydrolysis  of  amygdalin,  the  glucoside  with  which  it  is 
ehiediy  assoeiated  in  the  v^table  kingdom.  Amygdalin  and  emulsin 
are  oo-existent,  for  example^  in  tbe  seeds  of  /Vtmiis  omygdahtM^  and  on 
macerating  theee  with  water  the  enzyme  hydrolyses  amygdidin  with 
the  production  of  one  moleeole  each  of  bensaldehyde  and  hydro^anic 
acid  and  two  moleooles  of  dextrose : 

O^H^O^N  +  2HjO  =  C^H,-CHO  +  HON  +  2CeH„0^. 

Ttia  "  JsJmiUsin"  of  Flax,  and  the  Enztjijiea  of  Pbaseolus  iunatus  and 

Manibot  utilisaims. 

As  previoosly  mentioned,  Jorlssen  and  Hairs  isolated  a  glucoside, 
Hnamarin,  from  germinating  flax  seeds,  which  they  fonnd  to  he 
unacted  on  by  the  emulsin  of  almonds.  Go-exi$<tent  with  the  glucoside, 
however,  was  found  an  enzyme  which,  besides  liydrolysing  linamarin, 
also  decomposes  amygdalin  and  salicin.  Up  to  the  present,  the  gcuei  al 
view  has  been  to  attribute  these  different  decompositions  to  the  same 
ferment,  and  consotjuenily  to  assume  the  existence  of  a  special  form  of 
emulsin  (see  Oppenheimer,  Die  Fermtnie,  p.  215).  It  has  lately 
been  shown  that  the  cyanogenetic  glucosides  of  llax,  Linum  usiiatis- 
atmum,  and  of  sweet  and  V)ilter  cassava,  Manihot  uliiis.unia  and  ManUiot 
aipii,  are  identical  with  phaseolunatin  obtained  from  Pluueolus  lunalu* 
beans  (Dunstan,  Henry,  aud  Auld,  Proc.  Hoy.  Soc^  1906,  78, 
145,  152).  It  was  first  stated  (Dunstan  and  Henry,  Proc.  Roy.  Soc., 
1903,  72,  285)  that  phaseolunatin  is  hydrolysed  by  emulsin,  bat  it 
has  now  been  shown  that  this  is  not  the  otse,  although  the  ensyme 
accompanying  phaseolunatin  also  decomposes  the  naturally-occurriDg 
^-glucosides  (Dunstan,  Henry,  and  Auld,  Proc,  Roy.  Soc.,  1907,  79, 

316).  Similar  observations  were  made  with  rsgard  to  the  gluooeido 
and  ensyme  of  ossaava.  It  has  been  further  shown  that  in  decom- 
posing phaseolunatin,  the  enzymes  associated  with  it  in  the  varioiis 
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plants  act  as  maltase-liko  ferments,  and  ia  similarly  decomposing 
amygdalin,  kc,  as  emulsin-Iike  fermento. 

As  it  was  thought  that  the  fermento  were  probably  mixtiireSi 
attempts  were  made  to  decide  the  qiipstion  oxperimentally.  It  will  be 
seen  by  n  reference  to  tables  Hi.  aiul  IV.  that  the  hydrolysis  of  the 
)3  glucosides  proceeds  much  moce  slowly  than  that  of  phaseolunatUK 
The  case  19,  in  fact»  almost  exactly  analogoiis  to  that  of  the  roaltaie 
contained  in  extraet  of  malt  It  has  been  shown  by  Marino  and  Fioren* 
tino(fi^fissflfto,  1906,  36,  ii,  S95)  that  this  ensyme  deoomposes  both 
a-glncosides,  for  example^  maltase  and  a-methylgloooside,  and  ^ogluoo- 
sides,  like  amygdalin,  saltcin,  This  doal  action  is  ascribed  to  the 
same  ensyme.  It  is  probable  that  the  maltase  decomposition  may  be 
regarded  as  the  primary  action,  and  the  emnlsin-like  hydrolysis  as 
secondary.  As  the  action  of  phaseolunatase  *  might  be  explained  in  a 
similar  manner,  it  was  thought  advisable  to  test  it  from  this  point 
of  view. 

Experiments  were  first  made  to  determine  whether  a  difference 
between  the  optimum  temperatures  of  the  actions  on  amygdalin  and 
phaseolunatin  couM  be  observed,  but  very  inconclusive  results  were 
obtained,  and  the  attempt  was  eventually  abandoned.  The  optima  of 
both  actioii.s  seemed  to  !)e  between  40^  and  50**. 

It  has  been  observed,  in  general,  that  the  maltase  ferments  are  more 
delicate  than  emulsiii,  and  particularly  more  sensitive  towards  heat 
when  in  the  dissolved  state.  Lintner  and  K ruber  (/>cr.,  1895,  28 
1050)  have  sliown,  for  example,  that  yeast  maltase  is  destroyed  at 
56°,  whereas  cmulsin  retains  a  portion  of  its  activity  after  being 
heated  for  some  time  at  70°  (Henry  and  Auld,  loc.  cit  ).  It  was 
thought  possible,  therefore,  that  if  the  action  of  phaseolunatase  is  due  ^ 
to  two  distinct  enzymes,  they  might  behave  differently  towards  heat. 
This  has  actually  been  realised  experimentally.  By  carefully  heating 
the  enzyme  solution  and  observing  the  relative  rates  of  decomposition 
of  amygdalin  and  phaseolnnatin,  it  has  been  possible  to  prove  that  the 
activity  towards  the  latter  glucoside  is  destroyed  before  that  which 
causes  the  decomposition  of  the  ^-glucosides.  This  can  readily  be 
Feen  by  reference  to  table  Y.  In  the  present  state  of  oar  knowledge 
rf  the  enzymes,  it  is  quite  Jostifiable  to  conclude  from  these  results 
that  phaseolunatase  contains  two  distinct  ensymes,  and  these  may 
be  designated  the  a-  and  /8-ensymes,  corresponding  with  their  activity 
towards  a-  and  )3  glucosides.  This  is  preferable  to  naming  them 
maltase  and  emulsin  respectively,  for,  although  the  former  enzyme 
decomposes  maltase  and  a-methylglucoside,  the  action  in  both  cases  is 
very  hlow  and  limited.      The  highest  decompositions  of  a-methyl- 

•  The  ti  rm  "  phoa^'olunatase  *'  in  used  to  lepresent  tlie  mixtures  of  euzymes  in  tli« 
tUivv  plant  sjti-i  ios  without  regard  to  their  dual  activity. 

VOL,  xcm.  4  o 
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gluoofdde  were  obtained  by  employing  a  simple  aqueous  eitract  of 
white  (cultivated)  Phaseohis  lunalus  beans  containing  no  cyanogenetic 
glucoside^  obtained  by  macerating  the  meal  with  12  volumes  of  ^viUer 
mixed  with  toluene.  Fifty  c.c.  of  this  solution,  added  to  10  c.c.  of  a 
8  per  cent,  solution  of  the  glucoside,  and  kept  at  40°  for  thirty  hoar% 
OAtised  A  decioinpoeition  of  9'd  per  oeaU 


The  dynamical  study.of  an  etUEymio  hydrolysis  differs  to  a  certaili 
extent  from  that  of  an  ordinary  ehemical  readtion,  principally  becanie 
the  products  of  change  eventually  exert  a  decided  influence  on  the 
eharaeter  of  the  hydrolyet*  Thie  action  being  very  slight  at  the 
eonunenoement  of  the  hydioly<is  of  amygdalin  by  emulain,  ih» 
measuremente  of  the  velocity  of  reaction  have  been  canned  onti 
as  far  ae  poesiblei  over  short  periods  in  the  initial  stages  of  the 
teaotion. 

/if^fiiifiM  of  this  CoNocfifrvHtdn  of  BmMn,'^\ko  effect  of  ohangiug 
the  concentration  of  emolsin  on  its  action  on  amygdalin  has  been 
studied  by  Marckwort  and  Httfner  (lod  eU.)^  who  added  emulsin 

dissolved  in  glycerol  to  a  solution  of  amygdalin  and  estimated  the 
amount  of  glucoside  decomposed  after  fifteen  minutes.  Their  results 
are,  however,  practically  worthless. 

Tammann  [he.  cii.)  has  also  investigated  the  effect  of  increasing  the 
quantity  of  emulsin  in  studying  its  action  on  salicin.  Here,  however, 
he  followed  the  action  by  means  of  the  polarimeter,  and  in  consequence 
his  results  have  no  absolute  value,  owing  to  the  fact  thit  the  rotatory 
power  of  a  mixture  of  salicin  and  dextrose  is  not  directly  proportional 
to  the  amount  of  those  substances  present  in  solution,  lie  finds,  in 
accord  with  the  previous  workers,  that  the  amount  of  salicin  hydrolysed 
increases  with  the  concentration  of  the  enzyme,  but  apparently  does 
not  find  any  dcSnite  relationship  between  the  emulsin  present  and 
the  velocity  of  reaction. 

By  measuring  only  the  initial  velocities  induced  by  varying 
quantities  of  emnlsin  in  separate  solutions,  and  thus  avoiding  any 
complications  due  to  secondary  action  of  the  decomposition  produotSt 
it  has  been  found  that  with  small  concentrations  of  the  ensyme  the 
velocity  of  hydrolysiB  is  proportional  to  the  eonoentration  of  emu]sin« 
As  the  concentration  is  increased  this  relationship  osasei^  and 
eventually  a  further  increase  in  the  quantity  of  emulsin  present 
produces  no  corresponding  increase  in  velocity.   Taking  the  formttla. 


where  F|  and  Kg  are  the  velocities  corresponding  with 
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the  flonewitafalfons  Oi  and  Op  the  following  valaes  of  n  "  maj  be 
cakokted  from  the  resnltB  given  in  table  YI : 


r,/rj.  n. 

1.    ajb  0-610  0-96 

%.   b/c  0-690  0*96 

8.  i)d  0*700  1*08 


4.  d/«  0-731  1-23 

5.  ^  0-791  1*82 

6.  //^  0*896  1-86 


In  the  above  table, ««!  for  moderate  eoncentrationa  of  enzyme, 
bnt  iDcreaaes  oonsiderably  with  increase  of  oooceotration.  This 

agrees  to  a  certain  extent  with  the  observations  of  E.  h\  Armstrong 
(Proc.  Roy.  Soc.,  19 Jl,  73,  500)  on  the  decomposition  of  lactose  by 
kefir  lactase.  Slater  p^  raus.,  190G,  89,  |131)  obtained  a  constant 
value  nal  for  alcoholic  fermentation  by  live  yeast,  but  Iferzog 
{ZeiUch.  physiol.  Ch«m.,  1902,  37,  149)  with  "zymio"  (yoast  con- 
served with  acetone)  found  n  =  2,  and  Euler  {ibid.f  1905,  44,  53) 
with  yeast  juice  obtained  values  for  ?i  varying  from  1*29 — 1*67. 

Influence  of  the   ConcenlrcUion   of  Ami/gdalin. — O'Sullivan  and 
Tompson  (Trans.,  1890,  57,  865)  studied  the  course  of  tlie  reaction  of 
invertase  on  sucrose,  and  came  to  the  conolusion  that  tho  course  of 
enxymic  hydrolysis  follows  the  law  of  mass  action,  and  tbat^  like  the  . 
corresponding  inversion  by  aeids,  it  nui.y  be  expressed  by  the  equation 

for  unimolecular  reactions :  log^  a  kt.    It  was  first  definitely  shown 

w 

bj  Adrian  Brown  (Trans.,  1903,  81,  S73)  that  these  eondnsions 
cannot  be  snpported.  |Working  also  with  invertase,  Brown  found  that 
the  valnes '  of  h  calcwlated  from  the  above  equation  gradually 
increased  instead  of  remaining  constants  About  the  same  time, 
Yictor  Henri  (Campt,  rmid,,  1901, 133,  891)  formulated  an  empirical 
law  to  represent  the  course  of  inversion  by  enzymes,  and  arrived  at 

ya    ^  jM 

the  conclusion  that  the  expression  2lU  «  log        was  valid. 

a  —  X 

In  the  case  of  invertiibf,  Adrian  Brown  and  Horace  Brown  and 
Glondinning  (Trans.,  1902,  81,  388)  showed  that,  when  the  con- 
centration of  the  hydrolyte  ia  great  compared  with  that  of  tho 
enzyme,  the  decomposition  is  a  linear  function  of  the  time,  but  changes 
to  the  logarithmic  law  in  dilute  solutions.  This  has  been  roali.sed 
for  other  enzyme  actions  by  different  workers,  particularly  by 
E.  F.  Armstrong  {Proc.  Roy.  Soc.,  1904,  73,  500,  516,  526 ;  74,  188, 
195)  for  the  sucroclastio  enzymes. 

It  has  now  been  shown  that  for  emulsin,  also,  the  velocity  of 
reaction  is  independent  of  the  concentration  of  amygdalin  when  tho 
latter  is  present  in  large  ezoeee  (table  YII).  Thus  a  constant 
fumUUfft  and  not  a  constant  /rocfton,  of  amygdalin  is  hydrolysed  in 
unit  time.  Larger  quantitiee  of  amygdalin  begin  to  produce  a 
retarding  effect  on  the  action. 
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These  vesolts  throw  so  light  on  the  course  of  hydrotyne  when  the 
conoentnttion  of  the  amygdalin  is  allowed  to  chani^  owing  to  the 
latter  heing  consumed  in  the  reaction,  and  when  outside  inflaeooes» 
such  as  the  presence  of  the  products  of  change,  are  brought  into  con- 
sideration. If,  now,  the  experiments  quoted  in  table  VII  are  criteria 
of  the  velocity  of  hydrolysis  throughout  the  reaction,  the  curve 
obtained  by  combination  of  time  and  hydrolytto  activity  should  be  a 
straight  -line.   This,  however,  is  not  the  case,  for,  although  the 

velocity  constants  calculated   from  the  equation  k «  llog_^ 

t    a  -  X 

increase  continually,  the  actual  volocity  decreases  very  considemhly 
towards  the  end  of  the  reaction,  despite  tlie  fact  that  the  liydrolysis 
does  not  approach  complttion.  This  maybe  seen  from  table  VI 1 1, 
winch  also,  from  the  values  of  k,  proves  definitely  that  the  hydrolysis 
docs  not  follow  the  law  of  mass  action.  In  the  above  expression,  a 
represents  the  quantity  of  amygdalin  originally  present,  and  x  the 
quantity  decomposed  after  a  time  t.  The  uon-consbancy  of  the  valuer 
of  k  cannot  be  due  to  an  action  in  the  reverse  direction,  for  this  wouM 
tend  to  decrease  ^  which  actually  increases  during  the  coarse  of 
action. 

It  was  shown  by  Horace  Brown  and  Glendinning  (loo*  cU.)  for  the 
diastatie  fermentation  of  starch  that  the  hydrolysis  proceeded  in  two 
stages.  In  the  first  stsge  at  the  beginning  of  the  resction  the 
decomposition  was  a  Hnear  function  of  the  time,  but  later  it  actually 
followed  the  logarithmic  law.  The  results  obtained  with  emulstn  may 
be  interpreted  in  a  similar  manner.  Up  to  a  decomposition  of  nsarly 
50  per  cental  equal  amounts  are  hydrolysed  in  equal  times.  From  this 
point  onwards,  D  decreases  steadily.  The  results  were  accordingly 
recalculated  from  the  ninety  minutes'  decomposition,  and  the  values  of 
k  found  corresponding  with  this  time  as  i=0  and  the  decomposition 
as  a  =  1.  Some  of  the  numbers  obtained  are  quoted  in  table  X,  and 
from  the  constancy  of  the  values  of  k  it  would  appear  tiiat  the  emnlsin 
action  also  falls  into  two  phasas,  a  linear  and  a  logarithmic,  both 
more  or  less  distinct  from  each  other.  The  linear  phase  ejiteods  over 
a  very  considerable  portion  of  the  hydi*olysi8. 

It  is  worthy  of  note  that,  althoniifh  most  of  the  enzymes  have  bc*en 
shown  to  act  apparently  independently  of  the  law  of  mass  action, 
Fokin  liuss.  rhys.  C/ietn,  Soc,  1905,  38,  858)  has  quite  recently 
asserted  that  the  action  of  lipase,  obtained,  for  example,  from  the 
seeds  of  Chelidoniuvi  majus^  proceeds  "  like  other  catalytic  actions,  in 
accordance  with  Wilhelmy's  logarithmic  law."  The  mass  of  evidence 
being  against  such  a  view  of  enxymic  action,  it  seems  desirable  that 
Fokin'a  results  should  be  re-ezamined  and  the  question  of  the 
procedure  of  lipoclastic  action  settled. 

Digitized  by  Go 


AMTOD&LIN  BT  KHtJLSIN.    PART  I. 


1257 


The  fact  that  the  latter  part  of  the  hydrolysis  of  amygdalin  by 
emnlrin  proceeds  according  to  the  logarithmic  law,  might  beezplaio^d 
by  supposing  that  the  shape  of  the  earve  of  the  action  is  merely 
fortoitomi  and  daa  to  partial  destmction  of  the  ensyme.  Inhihitton 
of  the  action  by  the  prodoets  of  change  might  also  prodace  a  certain 
constancy  in  the  values  of  k.  It  has  been  proved  for  invertase  by 
Adrian  Brown,  however,  that  where  the  concentration  of  ensyme  is 
large  compared  with  that  of  hydrolyte,  the  normal  course  of  the 
hydrolysis  obeys  the  law  of  mass  action.  The  constancy  of  the 
recalculated  k  values  might  therefore  be  explained  by  assuming  that 
the  concentration  of  amygdalin  had  become  suflBcieotly  small  to  cause 
this  second  stage  of  the  reaction.  It  was  decided  therefore  to 
investigate  the  hydrolysis  in  dilute  amygdalin  solutions  in  the  hopo 
that  this  logarithmic  stage  would  be  actually  realised. 

The  great  diliiculty  in  such  experiments  was  to  obtain  a  suHicient 
dilution  without  causing  the  reaction  to  proceed  so  quickly  that  it 
could  not  be  followed  quantitatively.  Numerous  expeiiments  were 
carried  out  under  varying  conditions,  and  it  was  eventually  found 
possible  to  trace  the  lo^'arithmic  phase  of  the  hydrolysis  (table  X). 

The  generally  accepted  explanation  of  the  fact  that  the  velocity  of 
enzyme  liydrolysis  is  independent  of  the  concentration  of  hydrolyte  is 
the  assumption  that  a  compound  is  produced  by  interaction  of  enzyme 
and  substance.  If  the  compound  thus  formed  lasts  for  an  appreciable 
lime^  it  will  follow  that,  assuming  the  enzyme  to  be  completely 
regenerated,  alteration  of  the  concentration  of  hydrolyte  will  have  no 
effecti  and  equal  amounts  of  the  latter  will  be  decomposed  in  equal 
times.  Only  when  the  concentration  of  the  substance  under  examina- 
tion becomes  so  small  that  a  quantity  of  the  ensyme  remains  nnoom- 
bined  will  it  have  any  effect  on  the  course  of  hydrolysis.  The  results 
obtained  with  emulsin  and  amygdalin  are  completely  in  accord  with 
this  theory.  It  follows,  for  iostanee,  that  the  quantity  of  ensyme, 
being  completely  combined  with  the  hydrolyte,  is  a  measure  of  the 
amount  of  compouod  formed,  and  therefore  of  the  velocity  of 
reaction.  An  increese  in  the  quantity  of  enzyme  should  show  a 
proportional  increase  in  the  rate  of  hydrolysis.  This  is,  of  course, 
actually  the  case,  although  other  workers  have  obtained  results  not  so 
easily  explained.  Herzog  {loc.  cU.),  for  instance,  showed  that  the 
velocity  of  alcoholic  fermentation  is  proportional  to  the  square  of  the 
concentration  of  zymase.  As  pointed  out  by  Slator  {loc.  cit.),  how- 
ever, the  constancy  of  k  in  Horzog's  results  is  probably  due  to 
partial  decomposition  of  the  enzyme.  Fokin's  results  may  possibly  be 
explained  in  a  similar  manner,  for  lipase,  as  is  well  known,  is  a 
particularly  sensitive  enzyme. 

JUtard<^ion  oj      Uydrolyna.^Enzyme  action,  in  general,  is  capable 
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of  inhibition  by  a  large  number  of  agents,  and  it  has  been  in  the  study 
of  the  effect  of  retarding  agents  that  any  iniight  into  thair  struQture 
and  action  has  been  obtained. 

Inhibition  of  enzyme  hydrolysia  may  be  caused  in  three  ways : 
(a)  By  doBtriiction  of  the  enzyme ;  generally  by  ooagnlation  ihioogh 
ilM  action  of  substances  of  acid  or  basic  charaoteTi  ■nmotinMMi  bj  Mdis, 
and  always  by  heat.  (6)  By  combination  of  the  eo^yme  witti  mbatMiOM 
other  tlum  the  hydrolyte.    (o)  By  reverse  action. 

In  the  natnral  coarse  of  hydrolysis,  only  the  last  two  oome  into 
oonBideitttion»  and  (c)  only  to  a  Tsory  small  extant. 

MardaUon  Cmmd  tk»  PfodmoU  AsoMflim. — ^In  tba  ensyme 
bydrolyses  already  studied,  it  has  been  shown  that  the  ptodneta  of 
resction  are  the  prinoipal  fiiotovs  in  oansinf  the  reaetion  to  oease,  and 
that  by  removal  of  these  prodnets  tho  action  will  jnooeed  to  a  finisli 
(Tsaunann,  loo,  eif.). 

The  retsvdation  oansed  by  the  pfodoots  of  the  naetion  of  tho 
hydrolysis  of  amygdalin  by  emulsin,  namely,  bensaldehyde,  hydro- 
cyanic acid,  and  dextrose,  has  been  investigated  by  the  addition  of 
kiiowD  quantities  of  tiiodo  substancoa,  both  alone  and  together,  to  the 
reacting  mixture  and  observing  the  change  in  the  velocity  of  reaction. 
The  results  obtained  are,  on  the  whole,  in  agreement  with  some  less 
comprehensive  experiments  carried  out  by  Tammann  in  the  same 
direction.  Benzaldehyde  and  hydrocyanic  acid  have,  it  would  apj)0ar, 
greater  retarding  effect  on  tho  action  than  dextrose,  but  here  the 
results  (liffer  from  those  of  Tammann,  who  attributed  a  stron^'or 
inhibiting  action  to  hydrocyanic  acid  than  to  benzaldehyde.  From 
tables  XI,  XII,  and  XUX  this  would  not  seem  to  be  the  case,  and  the 
values  obtained  are  more  in  agreement  with  the  views  of  Jaoobeon 
(Z^Useh.  phijsiol.  Chem.,  1892,  16,  367)  and  Marino  and  Fiorentino 
{Ga»z$Uaf  1906,  36,  ii^  who  contend  that  the  action  of  emolsinis 
not  affected  by  the  presence  of  hydrocyanio  sdd*  Thisb  howow*  is 
also  only  partly  correct,  as  hydroeyanio  acid  enrts  a  distinct  tstanling 
action. 

It  is  impossible^  of  course,  to  draw  any  relationship  between  tiM 
retardation  caused  by  bennldehyde^  hydrocyanio  add,  and  dastrosa 
and  the  fact  that  they  mn  products  of  reaction.  Tho  dostroee  probsbly 
inhibits  in  this,  as  in  other  cases,  by  recombination  with  the  emgrnM  to 
form  complex  carlx^ydrstee^  and  the  hydroeyanio  aovl  will  retard  Ilia 
action  as  a  weak  add  (see  later).  The  behariour  of  the  benaaidehyde 
cannot  be  explained  in  the  same  manner.  It  seems,  however,  to  be,  in 
iU-elf,  a  "  poison  "  towards  enzyme  action.  As  is  well  known,  phenol 
ie  generally  without  action  on  enzyme  activity,  and  is  frequently  used 
for  sterilising  purposes.  Salicylaldehyde,  however,  at  once  inhibits 
enzyme  action,  and  has  been  used  for  this  purpose  in  cases  where  it  was 
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neoMsary  to  stop  the  hydrolysis  at  a  certain  point  (£.  F,  Armstrong, 
Trans.,  1903,  83,  1305).  lo  the  CHO  group  therefore  must  be 
ascribed  enzymioidio  **  properties,  and  benzaldehyde  would  natuially 
belong  to  this  olaaa.  That  this  is  aotoally  the  ease  may  be  seen  from 
the  following  experiment  earrjed  out  with  invertase  and  saerose.  To 
two  flasks  oontaining  1*5  grams  of  sucrose  dissolved  In  10  e^.  of 
water  were  added  5  e.e.  of  a  1  per  oent^  solution  of  an  inwtase 
preparation,  and  in  one  of  the  flasks  was  plaoed  three  drops  of 
bensaldehyde.  After  three^uavters  of  an  hour  at  31%  the  respeotive 
amounts  of  sugar  inverted  as  determined  pohwtmetrically  were  found 
to  be  51*0  and  39*6  per  oent. 

Inkihithn  oftk$  HffdrdyHt  hjf  Adda  and  JSsms.— The  aotion  of  acids 
on  the  activity  of  enzymes  has  been  the  subject  of  a  considerable 
amount  of  inyestigation,  but,  unfortunately,  the  results  obtained  differ 
very  coasiderably  among  themsolveH,  oven  when  obtained  under 
apparently  f;imilar  conditions.  It  is  thus  almost  impossible  to 
formulate  a  general  law,  and  even  for  specific  enzymes  an  agreement 
as  to  the  effect  of  acids  has  been  arrived  at  only  in  one  or  two  cases. 
It  can,  of  course,  )x)  said  definitely  that  strong  ncids  destroy  enzyme 
activity,  but  we  are  here  only  concerned  with  low  concentrations. 

With  regard  to  emulsin,  the  only  experiments  on  record  are  those 
of  Jacobson  (loc,  cit.),  who  investigated  the  property  of  various 
ferments  of  destroying  hydrogen  peroxide  cataly  tically  with  evolution 
of  oxygen.  No  quantitative  experiments  are  on  record,  however, 
on  the  specific  action  of  emulsin  when  influenced  by  dilute  acids. 
Jacobson's  results  on  the  catalytic  activity  of  emulsin  are  of  interest 
in  that  they  show  that  hydrochloric  acid  has  no  accelerating  effect  on 
the  action  even  in  dilute  solutions. 

In  studying  the  "poisonous*'  effect  of  adds  on  the  emulsin 
hydrolysisi  dilute  solutions  of  sulphuric,  hydrochloric,  acetic,  and  lactic 
acids  were  employed.  The  results  obtained  are  given  in  tables  XYI* 
XVn,  XTIIT,  and  XIX. 

The  inhil»ting  effect  of  alkalis  (potassium  hydrozide  and  sodium 
hydrogei^carbonate)  has  also  been  investigated,  and  .the  results  are  set 
forth  in  tables  XX,  XXI  and  XXII. 

In  its  behaviour  towards  adds  and  alkalis,  emulsin  acts  in  a 
peculiar  manner,  distinct  from  the  generally  understood  behaviour  of 
most  of  the  other  unorganised  ferments.  In  the  first  place,  it  would 
appear  tliat  tlie  optimum  action  of  emulsin  does  nob  lie  in  acid  or 
alkaline  solution,  as  is  the  case  with  the  majority  of  enzymes.  True, 
hydrocyanic  acid  in  very  small  quantities  has  a  slight  accelerating 
effect  on  the  action,  bub  this  increase  in  activity  is  not  comparable,  for 
example,  with  the  effect  of  acid  solutions  on  peptic  proteolysis.  Emulsin 
seems  therefore  to  possess  its  optimum  activity  in  ueutral  solution* 
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Of  far  greater  importance  is  the  fact  elucidated  that  during  their 
gradual  inhibition  of  tho  power  of  emuisic  hydrolysis,  mioeral  acids 
and  alkalis  only  partly  destroy  the  activity,  and  that  a  neutralisatioa 
by  alkalis  or  acids  restores  or  reactivates  the  enzyme  to  a  laige  extent. 
Senter  {ioc,  eiL)  baa  found  that  the  inhibiting  action  of  acids  on 
bemase  is  proportional  to  the  concentration  of  the  hydrogen  iona, 
and  from  his  results  concludes  that  the  enzyme  is  a  weak  base. 
Here,  however,  we  have  distinct  primary  evidence  that  emulsia  is 
capable  of  combining  with  both  acids  and  bases  to  form  salts,  from 
which  it  may  be  recovered  in  the  usual  way.  The  enzyme  would  thus 
appear  to  be  at  the  same  time  both  acid  and  base,  and  is  in  fact 
amphoteric  in  character.  That  neither  of  the  functions  is  very  strong 
is  obvious  from  the  fact  that  salt  formation  only  takes  place  to  a 
limited  extent  with  the  weaker  acids  and  bases. 

The  poaaibility  of  ensymio  salt  formation  at  once  raises  the  question 
of  the  nature  of  ensymee»  and  especially  whether  the  ferments  them- 
selves are  material  substances,  and  capable  of  actual  salt  formation. 
Unless  this  i»  the  case,  one  must  assume  that  the  energy  centres  of 
which  the  enzyme  is  composed  are  bound  up  so  intimately  with  their 
material  substrata  that  chemical  reactions  involving  the  latter 
product)  absolutely  corresponding  effects  oa  the  former.  In  either 
case  it  must  be  concluded  from  those  experiments  that  the  activity 
of  enzymes  is  more  intimately  bound  up  with  the  molecule  of  the 
protein  compounds  with  which  they  are  invariably  associated,  than 
has  hitherto  been  generally  suppoi^ed.  The  protein  molecule  itself  isi 
both  acid  and  basic  in  character,  and  the  addition  of  small  quantities 
of  acids  and  alkalis  consequently  causes  protein  salt  formation.  If, 
however,  the  acid  or  alkali  is  present  in  somewhat  higher  concen- 
tration, the  structure  of  the  protein  is  completely  altered  and  acid- 
albumins  and  alkali-albuminates  are  produced.  From  these  com- 
pounds, the  protein  cannot  be  regenerated.  The  connexion  with 
enzyme  activity  seems  obvious :  we  have  first  of  ail  with  strong 
acids  and  alkalis  of  low  concentrations,  salt  formation  in  the  protein 
molecule,  and  a  corresponding  paralysis  of  the  ensyme.  ^  Higher 
concentrations  of  hydrogen  and  hydrozyl  ions  produce  the  acid- 
albumins  and  alkali-albuminates,  and  destroy  the  ensyme  activity. 

Considering  the  dependence  of  the  activity  of  emulain  on  the 
presence  of  basic  and  acidic  groups,  and  the  fact  that  the  glucostdee 
hydrolysed  contain  no  corresponding  groups  for  attachment^  that 
is,  that  the  compound  of  enzyme  and  hydrolyte  is  probably  not  of  the 
nature  of  a  salt,  it  is  probable  that  the  catalytic  activity  is  bound  up 
with  a  combination  involving  a  dynamic  change  in  the  ensyme 
molecule,  such  as  would  be  expressed,  for  example,  in  a  cyclic 
transformation  of  amtm>acid  into  acid  amide.   Such  a  view  of  the 
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hydrolysis  must,  however,  be  reconciled  with  the  fact  that  emuUin 
is  essentially  specific  in  its  action  and  only  deconpoies  glucosidea 
which  contain  the  ^-lactonic  grouping  in  the  sugar  residne.  It  is 
well  known,  however,  that  the  protein  molecule  also  contains  carbo- 
hvdnite  groupings  (compare  Blumenthal  and  Mayer,  Bw,^  1899,  32, 
374),  and  it  is  not  difficult  to  imagine  oomhination  of  ensyme  and 
bydrolyte  only  taking  place  when  both  contain  the  same  or  com- 
plementary similarly  constmoted  sugar  molecules.  Such  a  view 
would  be  a  literal  fulfilment  of  FiBoher*8  *'lock  and  key"  aspect  of 
ensyme  hydrolysis. 

BxUtU  ihe  JffftMjfgU, — ^The  hydrolysis  of  amygdalin  by  emulsin 
is  no^  oomplete.  This  faet  was  first  recognised  by  Liebig,  who 
believed  that  the  reaction  proceeded  only  so  long  as  the  bensaldehyde 
produced  dissolved  in  the  water.  This,  of  course,  is  not  the  case. 
Tammann  {loc.  cit.)  also  showed  that  the  action  is  not  Bnished,  but 
his  results  differ  from  one  another  very  considerably.  Thus,  although, 
ill  other  purls  of  the  paper,  decompK)sitions  of  amygdalin  as  high  us 
80  per  cent,  are  implied,  in  the  set  of  experiments  devoted  to  the 
efiPect  of  increasing  the  quantity  of  emulsin  at  40^  a  maximum 
decomposition  of  only  60  per  cent,  is  obtained. 

Quite  recently,  and  after  this  research  was  well  advanced,  Caldwell 
and  Courtauld  (Trans.,  1907,  91,  670)  repeated  Tammann's  experi- 
ments, and  Calculated  the  amount  of  chani'tt  hy  observation  of  the 
rotatory  power  and  by  estimation  of  the  benzaldehyde  produced. 
They  found  that  the  maximum  hydrolysis  after  sixty-seven  and  ninety 
hours  amounted  to  98*2  and  98*5  per  cent,  respectively.  From 
estimations  of  the  hydrocyanic  acid  produced,  however,  only  86*1 
per  cent,  of  the  amygdalin  appeared  to  be  decomposed.  Indeed,  lower 
figurea  were  invariably  obtained  from  the  hydrocyanic  acid  tb  ai 
from  the  bensaldehyde  or  rotatory  power.  No  explanation  of  this 
deficiency  is  given,  although  such  a  deficieni^  is  apparently  to  be 
ascribed  to  the  hydrolysis  of  all  cyanogenetic  glucosides* 

Employing  ihe  meUiod  described  later  for  the  estimation  of  hydro-, 
cyanic  acid,  no  difficulty  was  experienced  in  obtaining  much  more  pro- 
found decompositions  of  amygdalin  calculated  from  a  hydrocyanic  acid 
basis  than  those  described  either  by  Tsmmaon  or  Caldwell  and 
Courtauld.  Referring  to  table  YIII,  it  will  be  seen  that  a  decompo- 
sition of  93*3  per  cent,  is  recorded  in  only  twenty-two  hours.  In  other 
cases,  where  the  decomposition  was  measured  over  twenty-four  hours 
and  larger  quantities  of  emulsin  used,  97  0  per  cent,  of  the  amygdalin 
was  found  to  be  hydrolysed,  but  this  was  the  maximum  decomposition 
objerved.  It  is  suggested  that  Caldwell  and  Courtauld's  results  are 
somewhat  high,  as  by  carefully  removing  the  hydrocyanic  acid  from 
a^kalil^e  tjoli^tiuu  with  ferrous  and  ferric  hydroxides  and  then  esti- 
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mating  the  bona^ldebyde  by  itipper's  method  {Zf'iUch.  anal.  Chem.f 
1902j  41,  CI),  values  have  been  obtained  agreeing  approximately  with 
tiMwe  from  the  hydrooyuiio  acid  estimation.  In  some  cases,  indeed,  they 
were  slightly  lower.  The  results  obtained  are  giTtti  in  table  XXIIL 
The  £quilibrium,  BtmrsibUity. — Although  the  amount  of  glucoside 
remaining  undeoomposed  (say  2  per  oent.)  fftlU  bue  abort  of  that 
obinod  by  !EiinnMmii,  it  ia  atiU  auffioient  to  canaa  an  aasvn^lion  a( 
aqmlibrinm,  an  aqnilibrinm  wbiob  that  antbor  claima  to  ba  dapantat 
on  tompmtnra. 

Tammann  bimaalf  taatad  tba  ayntbatio  actioii  of  aniii]ain  by  pladag 
glnooaa,  bydrocyaole  add,  and  banaaldabyda  on  bia  tongna  togatbor 
with  loma  aaiiil8in«  and  awaiting  tba  bitter  taata  of  amygdaUn,  Ha 
failed  to  obtain  any  indioation  of  ravanibla  aetioii  by  tbia  meane, 
however,  whieb  ia  aeaioaly  anspviii^g.  No  fortiier  experiments  in  this 
direction  are  on  record,  although  Emmerling  (Bw.^  1901,  34,  3810) 
has  succeeded  in  synthesising  amygdalin  from  mandolonitrile  glucoside 
by  the  aid  of  maltase.  An  extensive  series  of  experiments  was  there- 
fore set  on  foot  to  test  the  synthetic  action  of  emulsin  as  an  explana- 
tion of  incompletion  of  the  hydrolysis  of  amygdalin.  The  experiments 
were  of  two  classes,  namely,  those  where  the  amount  of  reacting  suh- 
stanceg  present  was  measured  from  time  to  time,  and  that  where  an 
attempt  was  made  after  a  considerable  period  to  isolate  amygdalin 
Both  series  were  wholly  unsuccesfif  ul,  and  no  account  of  the  ezperi' 
ments  need  be  given  here» 

£ffect  of  TempertUure  on  the  ffydroli/tts. — Temperatoie  baa  a  wy 
narked  effect  on  the  velocity  of  all  fermentation  pfoeeeioa.  The 
velocity  of  reaction  ia  generally  very  small  at  low  temperatnree,  and 
gradually  inoreaaea  to  a  point  known  aa  the  opiimum  tempecatuia  of 
the  f erment^  from  which  point  onward  it  again  deereaaea  nntfl  tba 
ferment  ia  oompletaly  deatooyed  by  the  heat  action* 

Tammann  states  that  the  temperature  has  a  great  effect  on  the 
amount  of  amygdalin  dacompoaad  by  emolain,  that  ia^  on  the  end  point 
of  the  aetion,  and  naes  thia  aa  a  main  aigament  against  the  inoom- 
pletion  of  tiie  process  being  a  chemical  eqailibrinm.  Hia  viewa  will 
apparently  not  bear  investigation,  however,  aa  will  be  aeen  by  con- 
trasting his  results  with  those  quoted  in  table  XXIII.  The  highest 
decompositions  during  the  hydrolysis  of  salicin  and  amygdalin  by 
emuUin  were  obtained  between  45  and  50",  and,  as  previously  men- 
tioned, amounted  only  to  about  80  per  cent.  At  40'^,  the  end  point  is 
stated  to  be  at  a  60  per  cent,  hydrolysis  of  the  amygdalin  present. 
Contrast  this,  however,  with  the  93  per  cent,  and  97  per  cent, 
hydrolyses  obtained  at  the  same  temperature  without  any  great  diffi- 
culty, and  the  erroneous  nature  of  Tammaon's  statement  beoomee 
apparent. 
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TtmpinUure  Coeffidmts, — Tho  general  method  of  ezproMiiig  the 
diftoga  in  velooify  of  reaction  due  to  change  of  tempenitiiie  is  to 
oftlevdaite  the  i»tio  of  velooities  for  en  interval  of  lO^*  For  most 

reactions,  between  2  and  3, 

For  the  hydroljels  of  omygdalin  by  emalflin,  meMurenieiits  were 
made  at  every  0^  from  10^  to  60^  and  only  initial  velooatiee  were  taken» 
that  isy  while  the  Telocity  was  still  a  linear  time  fnnetion.  The 
obsenrations  were  thns  abidately  comparable.   It  wiU  be  observed 

from  tables  XXI Y  and  XXY  that  the  temperature-coefficient  varies 
with  the  temperature,  and  only  twice  reaches  the  general  value  of 
between  2  and  3.  The  results  are  of  the  saiiie  order  as  thote 
calculated  from  Tammann's  figures  for  salicin. 

Opportunity  is  taken  here  for  correcting  a  serious  error  in  this  con- 
nexion in  van't  Hoff's  '*  Lectures  on  Theoretical  and  Physical 
Chemistry,  Part  I."  On  pages  225  to  235  the  velocity  of  the  fermen- 
tation of  salicin  by  cmulsin  is  continually  referred  to  as  having  a 
temperature-coefficient  of  7*14  at  from  60 — 75  ^  These  figures  are 
obtained  by  calculation  from  experiments  by  Tammann  (Zeitiich, 
physihcU,  Chtm,,  1895,  16,  433).  This  is  so  obviously  erroneous,  it 
having  been  shown  that  the  velocity  of  reaction  of  omulsin  hydrolysis 
is  practieaUy  nothing  at  70°  (Henry  and  Auld,  loc.  cil.),  that  it  is 
hardly  necessary  to  turn  to  the  original  to  find  that  the  results  refer 
to  the  rate  of  destruction  of  emulsin  activity  on  heating.  TliiSi  as  is 
well  known,  increases  with  great  rafudity  with  rise  of  tempersture 
and  thus  affcfds  a  temperature-coefficient  of  abnorotial  siie* 


EXPKAIMfiKIAL, 

AmiyUM, — Three  chief  methods  are  open  for  the  measurement  of 
the  hydrolysis,  namely,  estimation  of  the  amount  of  hydrocyanic  acid 
produced,  measurement  of  the  amount  of  dextrose  formed,  or  observa- 
tion of  the  change  of  rotatory  power  of  the  liquid.  The  two  last 
methods  are  opt?n  to  serious  objection.  Estimations  of  dextrose  depend- 
ing on  its  power  of  reducing  alkaline  copper  solutions  are  dithcult 
to  carry  out  rapidly  and  accurately,  and  the  fact  that  tho  character  of 
the  dextrose  residues  in  amygdalin  was  unknown,  made  it  impossible  to 
follow  the  reaction  by  means  of  the  polariiueter.  To  these  objections 
niu!=:t  be  added  the  pos*<ibility  of  the  intermediate  formation  of  a  diglucose 
of  unknown  reducing  and  optical  rotatory  power.  Determination  of 
the  amount  of  benzaldehyde  formed  or  of  the  decrease  in  the  quantity 
of  amygdalin  present  offering  no  satisfactory  solution  of  the  question, 
it  was  decided  to  follow  the  hydrolysis  by  estimating  the  hydrocyanic 
add  produced.  At  fint»  this  was  estimated  by  menns  of  standard 
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silver  nitrate  aolatiooi  but  m  this  process  could  Dot  be  carried  oat 
with  accuracy  in  the  experimental  liquid  and  consequently  neoaasi- 
tatod  a  difltiUation  for  each  estimation,  it  was  abandoned  in  favour  of 
the  modification  o(  Pordoa  and  Gelis'  method  pr.  Cftem.,  1852,  59, 
255)  dMoribed  by  Bnnston  and  Henry  {Proc.  Ra^.  Soc,  1903, 72, 287). 
Thia  method  eonsiata  in  titrating  the  liquid  containing  hydrocyanie 
aeid  with  a  standard  iodine  eolation : 

HON-l-J,-GNI+HI. 
Mamm  of  lodiani  hydrogen  carbonate  aolntton  is  added  to  prevent  an 
aeenmnlaition  of  bydriodio  add. 
Ac  it  waa  necessary  to  work  at  temperatnna  where  a  oonsidarable 

amonnt  of  the  hydrocyanie  add  ffonned  would 
be  in  the  gaaeooa  state  and  woald  otherwise  oc- 
casion a  loss  on  opening  the  experimental  TSBsels, 
special  apparatus  was  devised  to  prevent  any 
escape  of  vapour.  In  most  of  the  experiments 
a  separate  vessel  was  used  for  each  concentration 
of  the  reacting  substances,  and  in  such  c;ises 
the  small  apparatus  shown  in  Fig.  1  was  em- 
ploye<l.  During  the  course  of  the  reaction,  the 
two  taps,  A  and  Zf,  are  kept  closed.  At  the 
moment  the  hydrolysis  is  to  be  stopped,  both  taps 
are  opened,  and  saturated  sodium  hydrogen  c;»r- 
booate  solution  Hows  into  the  bottle  from  the 
funnel  C.  At  the  same  time,  any  escaping  vapour 
is  forced  out  through  the  side-tube  Z>,  and  bubbles 
through  the  solution  in  the  funnel  by  which  it  is 
carried  back  into  the  flask.  When  most  ol  the 
bicarbonate  eolation  has  been  run  in,  the  tape 
are  again  doeed,  the  contents  shaken,  and  cooled 
nnder  the  tap.  If  the  tap  A  alone  ia  now 
opened,  the  remaining  sodiom  hydrogen  carbonato 
eolation  ia  sneked  back  through  the  dde-tobe^ 
and  frees  it  from  any  hydrogen  cyanide  remain- 
ing. The  contents  of  the  flask  are  then  titrated 
in  the  ordinary  manner,  nsing  stardi  eolation  as  indicator. 

In  those  eases  in  whidi  it  was  neesseary  to  cany  oat  a  seriee  of 
experiments  in  the  eune  solotion,  and  abstract  aliquot  parts  for 
examination  at  stated  intervals,  a  diCFerent  arrangement  was  required, 
owing  to  the  necessity  of  keeping  all  the  hydrocyanic  acid  in  tlio 
(lissolved  state.  It  wa.s  found  by  e.\j>erimout  that  a  surface  of  metallic 
mercury  liad  no  inhibiting  effect  on  tlie  action  of  emulsin  on  auiygdalin, 
and  iIjc  arrangement  seen  in  Fig.  2  was  consequently  employed.  The 
ejLpcrimoutal  vettsel  consists  of  the  tube  A,  closed  at  the  top  by  a  tap. 
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and  fitted  with  a  Ptoppore<l  side-tubo,  />,  to  facilitate  the  introduo* 
tioD  of  the  enzyme  and  hydrolyte.  The  lower  part  of  the  tube  is 
filled  with  mercury,  which  can  be  raised  to  the 
desired  level  by  means  of  tlie  reservoir  T), 
The  apparatus  containinr^  the  amygdalin  solu- 
tion having  acquired  the  necess  iry  temperature 
by  immersion  in  a  thermostat,  the  emulsin  is 
added,  and  the  solutioos  well  mixed.  The 
tap  E  having  been  opened,  D  is  now  raised 
until  the  liquid  just  fills  the  vessel*  The  tap 
is  now  closed,  and  the  whole  apparatus  im> 
mersed  in  the  bath.  To  remove  a  stated 
volume  of  the  liquid  for  examtoatioo,  the  bulb 
D  is  raised,  and  on  opening  the  tap  E  the 
liquid  is  forced  out  into  the  tapped  pipette  (7, 
wliich  is  eonneeted  with  the  tube  ^  by  a 
■Bsall  pteee  of  indiarubber  tubing.  The  liquid 
is  then  run  out  into  excess  of  sodium  hydrogen 
carbonate  8olution»  and  the  pipette  washed 
out  with  the  same  liquid. 

The  sodium  hydrogen  carbonate  thus  effects 
a  three*fold  purpose.  It  absorbs  the  hydro- 
cyanic acid,  it  is  necessary  for  the  iodine 
titration,  and  its  addition  at  once  stops  the 
action  of  the  cniulsin.  The  accuracy  of  the  last  Ktatement  is  seen  at 
once  from  the  following;  table  : 


Table  J. 

For  each  experiment,  25  c.c.  of  amygdalin  solution  (2  per  cent.) 
were  mixed  with  2  c.c.  of  emulsin  solution  (2  per  cent.).  After 
twenty  minutes,  tiie  sodium  hydrogen  carbonate  (normal  solution)  was 
added,  and  the  reaction  allowed  to  proceed  for  another  twenty  minutes. 

Timo  of  action,     NaHCO,  aJdcxl,        HCN  formed,   Amygdalin  dMompoBed, 


mina.  o.c.  gram.  percent. 

—  O'OOISO  12  7 

20  0-25  0-00197  151 

20  0-5  0  00144  18-4 

20  1-0  0  0013.5  12-8 

20  2-0  0-00130  127 


For  the  hydrocyanic  acid  titration,  it  was  found  that  JV/50  iodine 
solution  gave  the  best  results,  but  N/lOO  iodine  was  also  used  in  some 
cases  where  only  a  small  decompo.-ition  had  taken  placa  When  N/IO 
iodine  was  enipluyed,  the  results  were  not  constant,  but  increased 
considerably  on  standing.   This  was  probably  due  to  the  production  of 
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liirger  quaniitieB  of  hydrogen  iodide  than  could  bo  absorbed  at  once  by 
the  sodium  hydrogen  carbonate,  and  the  reaction  beiog  reversible, 
hydrocyanic  acid  would  be  regenerated. 

Neither  amygdalin  nor  its  other  decomposition  prodnct^  absorbs 
iodine,  and  the  enzyme  solution  doos  so  only  after  some  time.  As  the 
complete  estimation  was  osnaUj  carried  out  in  one  or  two  minutes, 
this  involved  no  source  of  error,  and  the  titration  oould  be  carried  oat 
in  the  experimental  liquid. 

The  amygdalin  employed  was  Merck's  pure  prodaet  reerystallised. 
The  emulsin  was  also  obtained  from  Merck's  preparation,  and  was 
purified  by  dissolving  in  water  and  reprecipitating  the  filtered  solution 
with  90  per  oeni.  aloohoL  The  product  obtained  in  this  way  dissolved 
completely  in  water.  All  solutions  were  kept  sterilei,  generally  by 
the  addition  of  a  little  chloroform. 


Phaseolwiakue, 

j\s  the  enzymes  of  Phaseoltis  lunatuBy  flax,  and  cassava  all  act  in  the 
.•<.iiue  manner,  it  generally  sufficed  to  carry  out  the  exjK-riments  with 
one  of  thorn  only.  In  most  cases  the  enzyme  obtainetl  from  Java  beans 
employed,  and  uU  the  following  experiments  were  carried  out  with  it. 

For  the  preparation  of  the  enzyme,  the  beans,  roots,  or  germinating 
seed'^  are  dried  thoroughly  in  the  air,  ground  to  a  fine  meal,  and  soaked 
with  three  volumes  of  water  mixed  with  1  per  cent,  of  toluene, 
which  is  added  for  sterilising  purposes.  After  several  houn^  the 
liquid  is  filtered,  and  allowed  to  stand  in  a  vaeaum  desiccator  over 
sticks  of  potassiam  hydroxide  nntil  all  the  hydrocyanic  acid  hss  been 
absorbed.  The  concentrated  liquid  is  then  poured  into  excess  of 
alcohol,  the  precipitated  enzyme  quickly  filtered  and  washed  with  a 
little  alcohol,  after  which  it  is  dried  in  a  vacuum  and  finely  powdered. 
If  the  substance  is  not  completely  redissolved  by  water,  the  process  of 
solution  and  precipitation  is  again  repeated. 

The  ensymei  form  fine  white  powders,  capable  of  being  kept  In  the 
active  state  for  many  months. 


Table  II. 

UydrolyBia  qf  Amygdalin  by  PhasedunaUue, 

For  each  experiment,  10  cc  of  amygdalin  solution  (1  per  canL) 
were  mixed  with  30  cct  of  ensyme  solution  (2  per  cent) : 

Tinia  of  aotioa,  HCK  formed,  AmygdaUn  dMompOM^ 

mills.  gnini.  per  cent, 

60  0  002U4  31.5 

120  0*00259  497 

180        •  O  OO^Ol  i»0  9 

240  OUUJIO  67-6 

^=40  0". 
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Tablk  III. 

Hydrolysis  of  Salictn  by  Phaseolunutase* 

for  each  experiment,  10  cc.  of  salicia  solation  (2  por  cent.)  werd 
miaed  with  30  co.  of  ensyme  solution. 

"time  of  action,     Cu,0  formed,        GIticose  pndoced,    Salicin  dcoomposed, 


ninti 

gram. 

gmm. 

percoiit.  ' 

0  0535 

.  30 

0  0924 

00199 

15-8 

60 

01813 

0*0889 

80-9 

I'iO 

0-2019 

0  0742 

590 

180 

0-226S 

0-0866 

687 

3'^  39 -5% 


Tabli:  IV. 

HydrolyiU  o/  FkaneoluMUin  by  Phaseolunataae* 

For  each  oxperimenti  15  e.&  of  phaaeolnnatin  solution  (2  per  cent.) 
were  employed. 

Time  of  Mtioo,  "Welglit  of  enzyme,  HON  formed,  Pliaseolunatili  decomposed, 

itiina.               gram.  gnm>  por  cent. 

30                     0-2  O-OlOe  31-8 

60                     0  2  0  0200  CI '8 

80                    0  1  0  0065  16*5 

60                    0-1  00104  81*2 


Table  Y« 

Action  of  Fhaseolunaiase  on  A  mygdalin  and  PlioHolunatin  ajlcr  heating 

between  40°  and 

For  the  deeomposition  of  the  amygdnUny  20  cc.  of  the  glucoeide  were 
mixed  with  10  cc  of  ensjrme  solution.  For  the  phaeeolunatin,  20  cc. 
of  glucoside  (2  per  cent)  were  mixed  with  5  cc  of  ensjme  solution. 

DeeompOBitlon  of  amygdalin.  tKwompoaltion  of  pbaaeolunatin 


Tempera- 
ture to 

which 


Aroyg. 


ouzyiiie 

Time 

Time 

(laliu 

Time 

solution 

of 

of 

HCH 

decom* 

of 

was  heated. 

heatinil^ 

aektoo. 

forinoil, 

l»o3ed, 

action. 

mins. 

mins. 

per  cent. 

iiiius. 

4(r 

60 

0  00136 

6-8 

30 

120 

0*00262 

11  "1 

•  60 

45 

60 

60 

0*00128 

6-6 

80 

120 

0*00260 

11-0 

60 

50 

ISO 

60 

0  001 28 

5  6 

80 

120 

0  00J62 

111 

55 

00 

60 

0  00120 

61 

30 

60 

60 

60 

0*00101 

4*8 

60 

120 

0*00189 

8-0 

120 

65 

60 

60 

0-00042 

1-8 

60 

120 

HON 
formed, 

gram. 

0  00733 
0-01413 
0*00591 

0-00355 

0-00160 

0*00049 


luiiatin 
deoom- 

per  t'A'ut, 

It)  5 
81*8 

13-8 
8-0 
3  6 
11 
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Table  VL 

/n^MflNM  of  ihe  CanenUratian  qf  Bmuhm  on  tk$  VidoeUy  of  ffydrolyn». 

In  the  following  experiments,  50  c.c.  of  amygdalin  solution  (2  per 
cent.)  were  mixed  with  a  2  per  cent,  t-olution  of  emulsin. 

<  a  time  of  action  in  minutes;  il  =  th©  percentage  of  amvirdalin 
decomposed;  >b difference  in  Euccesaive  readings.  The  bydrocyanie 
acid  formed  is  given  tn  grams. 

Ttmj[..=4r. 

a,  2  CO.  emnlflin. 

t.  IICN.  A.  D. 

10  0  0'tO»*.0  3-G  3-6 

20  OOoUa  7-3  3-7 

SO  0-00190  11-1  8-8 

Mean  velocity  s 3*7  per  cent  per  ten  minutes. 

b,  3  CO.  crnnlsin. 

10  0-00101  6  0  60 

20  0*00202  12*0  6*0 

80  0  00803  18-1  6-1 

Mean  velocity =6*05  per  oent  per  ten  minntea. 

c,  4  C.C.  cmalaitt.  - 

10  0-00146  8-9  8-9 

20  0-00279  17*1  8*2 

Mean  velocity  s  8*7  per  cent,  per  ten  minutes. 


d.  6  CO.  emnlain.  < 

10  0  00215  12-5  12-5 

20  0-00380*  23-2  107 

Mean  velocity = 12*5  per  oeot.  per  ten  minntea. 

e.  12  0.0.  emnlain, 

6  0  00145  8-6  8(» 

10  0-00288  17-1  8-5 

Mean  velocity  =  17 '15  per  cent,  per  ten  mioatca. 

f.  25  CO.  emnlain. 

10  0-00663  21-6  — 

Velocity =21 -6  per  oent.  per  ten  minntea. 

g.  50  c.e.  oiniilsia. 

5  0*00215  12-8  12*8 

10  ,0*00406  24-1  11*3 

Velocity  s  24*1  per  cent  per  ten  minntea. 

*  This  reading  ahowiu^;  a  great  falling  off  in  voloeily  for  the  higher  dvoom* 
position  waa  rejected,  and  the  decomposition  for  the  6nt  ten  minntea  alone  taken. 
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Tablb  YII. 

li^vM/»  Qfth»  Conc$tUration  of  A  mygdaUn  m  ihe  JdydrolygU  in  SWong 

For  each  experiment,  1  c.c.  of  emiilsin  solution  (2  per  cent.)  was 
used,  and  the  decomposition  measured  over  a  definite  period. 


Temp. 

-80-6<».  Vol. 

ss50  o.e. 

Wfif?ht  of 

Time 

Weight  of 

HON 

Amygdalin 

amy^diilin 

actiou. 

amygduUn  lUMid, 

foniied, 

decoin{>osod, 

docoiii{K>8ed, 

miDa. 

gnnu. 

iptun* 

percent. 

gnmi. 

20 

01 

0  00274 

46-4 

0-04G 

20 

.  0-2 

0-00274 

23-2 

0-046 

20 

0-3 

0-00260 

14  7 

0*044 

20 

0*4 

0-00260 

110 

0  044 

20 

0-6 

0  00253 

7  "2 

0-013 

25 

0-8 

0-00348 

7-4 

0-059 

26 

1-0 

0-00348 

6-9 

0-059 

25 

1-25 

0-00340 

4-6 

0-058 

25 

1-6 

000332 

37 

0056 

Tablb  VIIL 

Jlydrolyaii  qJ  Amffgdaim  hy  Emudtin  t»  Om  Solution, 

Vohune  of  amygdalin  solution  (2  per  cent.)  =300  c.c. 
Volume  of  emulsin  solution  (2  per  cent.)  =>  15  c.c. 

15  c.c.  were  examined  every  ten  minutes  until  150  minutes  had 
elapsed,  when  10  e.0.  only  were  taken. 


Temp.  »40*0°. 

Timo 

HCK 

Aiuygduhu 

Ditlcrifiico 

of  actiooi 

formed. 

decompoeed, 

fier 

0-4343Ar= 

win'*. 

groin. 

per  L-ellt, 

10  iiiins. 

l//lo;r»i;Vt-af. 

10 

oooooc 

G-1 

G-l 

255  X  10-» 

80 

0-00707 

45-2 

5-4 

2y5  X 10"^ 

100 

0-00859 

54'9 

4-8 

809  X  10-» 

1.^0 

0-007S4 

75-3 

46 

347  X  10-'' 

1360 

0-00063 

93-3 

44x  10-^ 

Tablb  IX. 

Old  times,  mine.      New  timoK,  mine. 
110  20 
140  60 
160  70 


4.S5x)0-« 
488x10-* 
491  X  10-» 


Ueaa  of  total  values  (100—180  minB.)=481  x  10~*. 


VOL.  XCllL 


4  F 
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Table  X. 

HydrolysiB  oJAmygdaLin  hif  EinuLsin  in  DUuU  SchUioi^ 

Tolnme  of  (3  per  cent)  emiilaui  solution  uaed  b3  cc 
Total  voliiBM  of  BolutuA  »  20  0.0. 

Time  AmyK«laUn  UCN  AmyKdaliu 

ofaciioD,        used,  fonii«d,*  decomiiosetl,  0*4843«^=s 

uiiiM.  gram.  gmm.  iier  cent  l/<loga/a  -  as. 

10  0-05  0-00138  0-0252  0  0304 

10  0  03  0-00085  00155  0  0315 

10  0  02  O"O0O58  0-0097  OW? 

•  Kstimated  by  iiieau^i  of  A'/ 100  iodiiw. 


Table  XI. 

InkibiiUm  ofiht  Hydrdym  by  Mmm  ofDaOrom. 

for  each  experiment,  20  c.c  of  amygdalia  aolution  (2  per  cent.) 
were  mixed  with  1  c.e.  of  emulsin  (2  per  cent.). 

Temp.  =  400\ 

Time  of  AnyTgdalia 

actioo.  Dextiow  added,  Dextrose  in  HON  formed,  deooniposed, 

loins.  gram.  gram-mol.  gr'""-  per  cei*U 

BH  _  —  0  00319 

80  0-2  0-0011  0-OOSU  13  3 

So  0-4  0  0022  0-00298  12  6 

80  0-76  0  0042  0-00279  11  8 

80  1-0  0  0055  0  00274  ll*« 


Table  Xii, 

InhiHiian  o/tht  ffydrolym  by  Mwm  ofJknMkMyd^ 

For  these  experimenta,  a  Kituratod  solution  of  benxaldehyde  wa.s 
added  to  20  c.c.  of  amygdaiin  (3  per  cent.),  mixed  with  2  cc.  of 
emulain  solntion  (2  per  cent). 

Vol.  =50c.c    Temp.  -40'5*» 

^^"aS^;d/^'^      B.n.aMehydein        HON  fonued.  d^S^i. 

Ja  1  10-*  >  0-314  0  00599  25  8 

lo  6  10-*  X  1-570  0-00545 

lo  10  10  *x 3  141  0-00611  «2 

80  15  10-*  X  4-716  0-0M71  W-O 

*  Benxaldehyde  dissolved  in  800  vols,  ofwateib 
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tablm  XIII  AMD  xrv. 

liJiibition  oj  Uie  I/t/drolyaU  by  Means  of  I/jfdroeyanic  Acid, 

The  hydro<qr«nic  acid  solution  employed  was  fotmdi  on  exact  deter- 
minatioDy  to  oontain  0*1 1 2  per  cent,  of  IICN.  It  was  added  to  20  ce. 
of  amygdalin  eolation  (2  per  oent)  mixed  with  2  o.e.  of  the  ensyme 
eolation  (2  per  eent*). 


••50  ae.  .Tempw 

-iO-O^. 

Time  of 

Amygdalin 

ilctioD, 

UCN  added, 

IICN  in 

HCN  formed. 

decora  poHcd, 

mi  118. 

c.c 

graiu-moL 

gram. 

do 

0  00587 

24*0 

30 

1 

10-^x0-42 

0-00tjl2 

25-9 

30 

3 

10-^  X  1-24 

o-oo:.92 

25 -1 

30 

6 

10-*x20? 

21 -a 

80 

10 

lo-^xi'io 

0*00863 

8d*4 

It  will  be  observed  that  small  quantities  of  hydiocyauic  acid  have  a 
distinct  accelerating  eiVec  t  on  the  action,  and  the  following  series  of 
ejcperiments  may  be  quoted  in  whi^^h  this  action  ia  intensified : 


Temp.  =39-5°.  . 

Amygdalin 

Time  of  actioQi       HCK  added,  HCN  formed,  decom|>osed. 


mituk  '        e.C.                         gram.  pur  cent. 

30  ^  0-01368  57*5 

SO  1-0  0-01801  50-0 

80  8-0  0-01298  50*7 

80  5-0  0-01338  56  0 


Table  XV. 

Jnhibiiim  of  the  Hydrolysis  bji  Means  qf  the  Miaoed  Froducls 

MeaUion* 

Forty  ce.  of  2  per  cent  amygdalin  solution  wer»mized  with  5  o.e.  of 
emulflin  eolation,  and  the  mixture  kept  in  the  thermostat  at  40°  in  a 
stoppeved  bottle  for  four  hours.  The  vessel  and  its  contents  were 
then  heated  for  half  an  hour  at  100**  to  deetroy  the  ensyme,  and  then 
oooled  to  the  ordinary  temperature:  86  per  cent,  of  the  amygdalin 
had  been  deeompoeed.  The  product  thus  obtained  was  used  for  the 
inhibition  experiments.  For  each  estimationy  20  ce.  of  amygdalin 
solution  (2  per  cent.)  were  mixed  with  2  c.c.  of  emulsin  (2  per  cent.). 

Temp.  =  400^ 


Timo  of 

"  Reaction 

Reaction 

Anivif  l^iliii 

action, 

pioducta  "  added. 

products 

HCN  formed, 

ducuiii[>uscd, 

mins. 

e.e. 

in  gnun-mol.* 

gram. 

percent. 

80 

oqoca:, 

27-2 

80 

2 

10-^xO  770 

0-00005 

25-0 

30 

6 

10-*  X  1-676 

0-00562 

23  8 

80 

10 

10-«x  8-860 

0*00401 

90*8 

*  Odenlated  as  aui>  gdalin. 

4  P  2 

Digitized  by  Google 


1272 


AULO:  THE  HYDROLYSIS  OP 


InkihUien  i^  ih»  Hydrolyais  by  AiAiM  and  Aikaiie, 

Table  XVI. 


N/50  Su^urie  Atnd. 

For  &ach  experiment,  15  c.c.  of  amygdalin  solution  (2  per  cent.; 
were  mixed  with  3  cc  of  emulsin  solution  (1  per  ceot.). 


Temp. 

-40<0».  Vol. 

a50e.e. 

No.  of 

Time  of  action, 

U^04  added, 

UCN  formed. 

decoDi|ioeed, 

experiment. 

mitts. 

CO. 

gram. 

percent. 

1 

16 

0*00256 

16-6 

8 

16 

1 

0  00241 

14-6 

8 

16 

8 

0-00248 

15-1 

4 

16 

8 

0-00328 

18-0 

6 

16 

n 

0-00047 

2  8 

« 

16 

10 

0  00011 

00 

7 

16 

15 

8 

16 

20 

No6. 7  and  8  were  exacUy  neutralised  with  A  il  ute  eodium  bydrozide,Mid 
the  mixture  allowed  to  remain  for  another  fifteen  minutes  at  the  same 
temperature.  At  the  end  of  that  time.  No.  7  showed  a  deoompoeitioii 
of  3*4  per  oent.  of  the  amjgdalin.  After  standing  for  a  longer  period, 
the  odour  of  bitter  almonds  became  very  strong,  showing  the  presence 
of  a  considerable  quantity  of  aotive  emulsin.  No.  8  required  a  longer 
time  for  the  signs  of  decomposition  to  appear. 


Tabls  xvir. 


A72O  Uydrocldoric  Acid, 

Quantities 

as  before. 

Temp.  = 

400°. 

Amygdalin 

No.  of 

Time  nf  action,   HCl  added, 

HON  formed. 

docompoceU, 

experiment 

mine.  co. 

gram. 

l^cr  rout. 

1 

15  — 

0-00257 

15G 

2 

16  1 

0  00192 

11-6 

8 

16  2 

0-00045 

2-7 

4 

15  8 

0  00015 

0  9 

5 

20  6 

10  10 

Aa  in  the  previous  case,  the  last  tveo  experiments  of  the  series  were 
completed  by  exactly  neutralising  the  liquid  with  sodium  hydroxide 
and  allowing  the  action  to  proceed  as  before.  It  was  again  loncd  that 
the  emulsin  had  been  re-activated,  although  only  to  a  small  extent. 
No.  5  showed  a  decomposition  of  about  4  per  cent,  after  fifteen 
minutes  at  40°,  but  the  activity  of  the  emulsin  in  No.  6  had  been 
nearly  destroyed,  for  only  after  many  hours  was  a  faint  odour  of 
bitter  almonds  detectable. 
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Table  XVI 1 1. 
A/20  JeilM  Acid. 

QoanUUes  as  before. 

Temp.  —  40*5^.   (New  1  per  cent,  emulsin  eolation  used.) 

Time  of  actiou.     Acetic  acid  added,       HON  rurmod,      Amygdaltn  decomposed. 


mint.  CO.  gram.  percent. 

15  —  0  00291  177 

15  I  0  00261  15-9 

15  2  0  00260  15*2 

15  3  0*00232  14*1 

16  5  0  00207 

15  10  0  00178  10-8 

15  15  0-00135  Q'Z 


Table  XIX. 
iV/20  Laclie  Acid, 

Quantities  ae  berore. 

Tempi  40*6^ 

Time  of  action,     I^actic  acid  added,        HON  t'unnod,      Ainygdaliu  decom[K>sed, 


mim.  C.C.  gram.  pereent 

15  —  0  0029$  17-8 

15  1  0*00268  16*8 

15  8  000214  18*8 

15  5  0*00192  12*7 

15  10  0*00144  8  7 

15  15  0*00097  5-9 

15  SO  0*00056  4*0 


Bonchardat  {Cotnp  retio.,  1845,  20,  111)  has  stated  tbat  aoetic  aeld 
has  no  effect  on  tbe  hydrolysis  of  amygdalin  by  emulsin,  but  from  the 

above  tables  it  is  obvious  that  this  empirical  (Statement  is  erroneouSf 
and  that  both  acetic. and  lactic  acids  have  a  diistinct  iubibiliug  eUcct. 

Tablc  XX. 

iV/50  Pcia$num  Hydrcasidc, 

Fur  eacli  ex{>€riment,  15  c.c.  of  amygdalin  solution  (2  per  ceut.) 
were  mixed  with  3  c.c.  of  emulain  (1  per  cent.}. 


Vol.  -6.0  CO;   Tempw  s40*5*'. 

Amygdalin 

No.  of      Time  of  action,  KHO  added,       liCN  formed,  decom^iosed 

experiment        mine.              co.                gram.  fiercent. 

1  .        16                  —                  0*00298  17*8 

2  ir,  1  0  00275  1M7 
8                   16                    2                  0  00194  *  117 

4  15                   8                 0*00025  1*6 

5  15                   5                     —  — 

6  15                 10                    —  — 
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After  fifteen  mimit«B,  No.  6  wm  exactly  neutralised  with  dilute 
hydrochloric  acid,  and  allowed  to  reoaln  in  the  thermostet  for  a 

further  twenty-five  minutes.    At  the  end  of  that  time  a  very  stroDg 

odour  of  benzaldohyde  and  hydrocyanic  acid  could  be  detected,  and  on 
examination  it  was  found  that  nearly  8  per  cent,  of  the  amygdalin 
liad  been  decomposed.  To  confirm  this  remarkablo  re-activating  of  the 
emulBin,  further  experiments  on  neutralisation  of  the  alkali  were 
carried  o\it* 

Table  XXI. 

Quantities  as  before, 

Temp,  -40-5°, 

Amygdalia 

Time  Time  of  HCN  decomposed 

of  action      action  after     fcrmwl  after        aft'T  non- 
No.  of  KHO         of  KHO«   neutralisation,  nentralisation,  tr.ih^tiiin, 
eypt       added,  «.c       mios.  mioa.  gram.  par  oeot 
6*              10               16               25               0  00131  7-9 

7  10  80  aO  0-00094  5-6 

8  15  16      -80  0  00125  7-6 

9  SO  20  .  80  ODOIOI  n 

♦  Tkble  XX. 

Similar  results  to  the  above  were  obtained  with  a  saturated  solution 
of  sodiiun  hydrogen  carbonate,  the  re-activation  being  very  marked. 
The  experiments  were  carried  out  originally  when  studying  the 
inhibiting  action  of  sodium  hydrogen  carbonate  with  a  view  to  its 
utility  for  stopping  the  emulain  action,  In  expenmente  Nos.  3,  4,  and 
6,  in  table  I,  hall  the  experimental  liquid  was  used  for  determina- 
tion of  the  hydrocyanic  acid,  and  the  remainder  neutraliaed  with 
hydrochloric  acid,  and  replaced  in  the  tbermostat. 

Table  XXII. 
'S'SoOum  ILjdrogm  C(Ori0fMlf. 

Amygdalin 

No.  of        Time  of  actioe,        HCN  formed,  decomposed, 
cxpt.  mios.  gram.  per  cent. 

3  20  0  0046  24-4 

4  20  0  0041  21-7 
8                  20                  0  0030 

MxUnl  of  Uit  llydrolysit^ 

Tablb  XXIII, 

Temp.  =400". 

Emulain  AniygJnlin 
Time  added         solution     Decompositiou  Decompositiou 

of  action,*  (2  per  cent),  (2perMoth    IVomHON,  from  C^nB*CHO, 
honn.  CO.  c.r.  p^  r  cn\i,  per  cent, 

20  10  75  93-4  94-0 

24  15  75  97  0  06*5 

10  9  15  «7  OlD 
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Temperature  CoeJicUnls, 

TA9LE  XXIV. 

In  the  first  columns  are  given  the  times 
second  the  amount  of  hydrocyanic  acid  for 
third  the  amouat  of  amygdalin  decomposed, 


of  the  reaction  (t),  in  the 
med,  in  grams,  and  ia  the 
per  ceQt.1 


L 

HON. 

n. 

16 

0-00077 

30 

0  00 160 

!>-10 

45 

Q  00230 

H  00 

r=20'. 

1. 

HCN. 

I). 

15 

0  00 140 

0  06 

SO 

0-00986 

17-40 

45 

0*00429 

86-10 

HCN. 

i). 

15 

0-00177 

10-77 

80 

0*00855 

21-60 

TcsSO*. 

t. 

HCN. 

A 

15 

0  00250 

15-21 

SO 

0  00492 

80  00 

r=85*. 

L 

HCN. 

2). 

15 

0-00356 

21  -66 

SO 

0-00670 

41-30 

r=40^. 

HCN. 

2>. 

0*00400 

24*33 

30 

000785 

47  77 

T=46*. 

1 

n 

15 

0-00470 

28-46 

SO 

0*00890 

63-07 

t. 

HON. 

D. 

10 

0-00413 

25-51 

15 

000625 

88  04 

80 

O'OIOSI 

65-82 

7'=55'. 

t. 

HCN. 

I). 

15 

0-0Q486 

2D -58 

r=60». 

1. 

HCN. 

D. 

10 

0-00600 

18-30 

15 

0-00445 

27 -08 

The  Tallies  of  JT,  ealenlated  for  each  temperalmre  from  the  6f teen 
minute  deoomposition  valaes  are  glTeii  m  the  foUowing'table^  together 
with  the  ten-degree  ratios  calcalated'from  them. 


Tabu  XXY. 


Tammann's  vahio 


TemperatnFC 
15' 

K. 

for  salicin. 

0  01 303 

/.Wi-,j-2-37 

20' 

0-02635 

2-52 

25 

0  •0:5209 

—  2  1  'I 

80 

004777 

^•,o/^;',-r68 

1-52 

86 

0*07068 

^W^-a.-i-87 

10 

0-08071 

W^«  =  l-71 

l-7fl 

45 

0  09096 

50 

0-13840 

65 

0-1016S 

60 

0-09142 

72-78 

nil* 

Henry  and  Auld  (/oc.  ct4). 


Ohbmioal  DsrAaTHiirT, 

I^ASr  LONDOM  COLLIOB, 
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CXXl.  -Tilt  JJydroli/sIs  of  Amygdaliu  by  Emuhia. 

Fart  11. 

By  S.  J*.  Hahsoit  Auld,  Ph.I>. 

By  the  action  of  an  extract  of  yeast  (Hefenenzym),  amygdalm  is 
Iiyclrolysed  with  the  separation  of  only  one  molecule  of  glucose  and 
the  formation  of  a  true  glucofiidei  mandelonitrile  gluooside  (Fischer, 
Ber.,  im,  28,  1509)  : 

Mandelonitrile  glaootide  is  hydrolysed  bj  emulsin  into  bensaldebjde, 
hydrocyanic  acid,  and  glucose. 

From  the  above  decomposition  of  amyg'lalin  by  yeast  extract,  the 
active  enzyme  of  which  was  supposed  to  be  malta^e  *  (the  formcnt 
which  decomposes  maltose  into  two  molecules  of  glucose),  Fischer 
assumed  that  amygdalin  is  a  derivative  of  maltose  or  of  an  exactly 
similarly  constructed  sugar.  Latterly  it  has  been  generally  the 
custom  to  regard  amygdalin  as  the  maltoside  of  benzaldehydo- 
cyanohydrin,  and  as  such  it  is  describod  in  most  books  of  referoiice. 
Thanks  chiefly  to  the  work  of  Emil  Fischer,  it  is  now  practically 
certain  that  whilst  emulsin  only  decomposes  /S-glucosides,  maUaso  will 
only  hydrolyse  those  glucosides  which  are  derived  from  a-dextroee, 
hence  there  exists  a  distinct  stereocbemical  relationship  between  theee 
feugars  and  their  specific  enzymic  hydrolysts. 

These  facts  seemed  to  render  it  probable,  or  indeed  certain,  that  the 
two  molecules  of  gloooee  in  the  hioea  residae  of  amygdalin  are  not  of 
similar  eonsUtntion  owing  to  their  different  behavionr  towards  the 
complementary  ensymes,  ^malein  *and  maltase.  It  was  first  pointed 
out  by  the  author  (Froc.,  1907,  23, 72)  that  amygdalin  is  probably  thd 
derivative  of  an  unknown  o/S-disaochMnde  capable  of  hydrolysis  both 
by  emulsin  (/9-enzyme)  and  maltase  or  amygdalase  (a-enzyme).  This 
view  has  since  been  confirmed  by  Roseuthaler  (Arch,  Pkarm.,  1907, 
245,  684).  It  was  also  pointed  out  that  in  the  hydrolysis  of 
amygdalin  by  emulsin  the  decomposition  oould  take  i^ace  in  three 
ways,  depending  on  the  mode  of  attachment  of  the  enzyme  to  the 
glucoside  molecule.  Either  mandelonitrile  glucosido  and  dextrose  are 
first 'produced  with  subsequent  hydrolysis  of  the  former,  or  lK>nz- 
aidehydecyanohydrin  and  the  disaccbaride  arc  formed  and  the  latter 

*  It  hsB  now  been  shown  by  Csldwell  and  Conrtsald  {Pfoe.  S»ff*  Soe.,  1907, 79,  B, 
3S0)  that  the  yeast  enzyme  which  hydrolyaes  amygdalin  is  not  identical  with 
malt  ts(>.   Tliisy  however,  hss  no  eflTect  on  the  above argoments  as  ** amygdalase  "  is 

aUu  au  a-ODzyme. 
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then  reeolTes  into  two  molecules  of  dextroAe,  or,  lastly^  amygdalin 
may  undergo  fiamon  into  the  three  components  by  direct  abstraction 
of  the  dextrose  residne  attached  to  the  bensaldehjdecyaDobydrin 
moIeeule« 

Thanks  to  the  admirable  work  of  E.  F,  Armstrong  on  the  correlation 
of  the  stereoisomeric  a-  and  /^glucoeides  with  the  corresponding 
glucoses  (Trans.,  1903,  83,  1305),  the  first  part  of  the  probh  3rn  could 
be  attacked  in  the  same  manner  as  was  adopted  for  the  determination 
of  the  structure  of  the  a-glucoside  phaseolunatin  (Dunstan,  Henry, 
and  Auld,  Proc.  Hoy.  Soc.j  1907,  79,  B,  315).  This  method  depends 
on  the  formation  of  sugar  from  the  glucoside  by  hydrolysis  and 
observation  of  its  change  of  rotation  on  assuming  the  ordinary  form 
of  glucose  which  has  been  shown  by  Lowry  (Trans.,  1903,  83,  1314) 
to  be  an  equililirium  mixture  of  two  sterooisonierides.  The  production 
of  equilibrium  is  hastened  by  the  addition  of  a  drop  of  alkali. 

Jioiation  of  Amygdalin. — With  regard  to  the  optical  rotation  of 
amygdalin,  two  different  numbers  are  recorded.  Boachardat  {Compl. 
rend.,  1844,  19,  1175)  found  for  amygdalin,  dried  OW  lime  at  45°, 
[ajo  -35*5°,  and  thia  value  is  still  qnoted  in  many  books  of 
reference.  Scbiff  {Ber,t  1899>  32,  2701),  repeating  the  experiments, 
obtained  the  valne  —  40*26^,  and  declared  Bouchardat's  figures  to  refer 
to  [a\ft  and  not  to  [a]i>.  Owing  to  these  different  results,  the  rotation 
of  amygdalin  was  carefully  measured,  with  the  result  that  Schiff's 
rotations  were  alsto  found  to  be  not  quite  correct^  the  average  rotation 
found  being  [a]u  -  41^36'.  For  3'883  per  cent.  Schiff  found  [u]o  -  41*R 


[a],,  ralrnlatcd 


AniygdaHn, 

(SrhilT.) 

from  liouchardal's 

|)er  cent. 

I 

[«]•;. 

fesulti  by  SchilF. 

1*686 

200 

1-22' 

4ri6' 

3-272 

200 

2  4S 

4'2  1 

40'18' 

4m' 

5-416 

200 

480 

41  31 

Uoan 

=  41°86'. 

Cfuiraelerisation  of  the  Dextrose  Residues  i/i  Anajgdalin.  —  Owin«;  to 
the  comparative  slowness  with  which  the  yeast  onzynio  attacks 
amyf3:dalin  and  the  consequent  spontaneous  production  of  e(iuilibrium 
in  the  dextrose  which  is  formed  together  with  the  one  molecule  of 
mandelonitrile  glucoside,  it  w  is  found  impossible  to  identify  the  sugar 
by  the  method  proposed  by  E.  F.  Armstrong.  To  determine  the 
nature  of  the  second  dextrose  molecule,  namely,  that  attached  to  the 
benzaldehydecyanohydrin  nucleuSf  the  decomposition  of  mandelo- 
nitrile glucoside  by  emulsin  was  employed.  The  mandelonitrile 
glucoside  was  prepared  from  abaygdalin  by  the  action  of  yeast 
extract  according  to  the  directions  given  by  Fischer  (Bw,,  1895,  28, 

1509).   After  reerystallisation  from  chloroform  it  melted  at  148''» 

♦ 
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and  a  proof  of  Ita  parity  was  obtained  by  analysis,  0*5  Gram  of 
emnlain  was  added  to  5  grams  of  mandelonitrile  gloooside  dissolved 
in  50  e.a  of  water,  thoroughly  mixed  by  shaking  and  kept  in  the 
thermostat  in  a  stoppered  bottle  at  40^.  For  eaefa  observation,  a  few 
CO.  of  the  liqoid  were  wtthdvawn,  mixed  with  a  small  definite  volame 
of  almnina  oream,  and  filtered  throngh  asbestos.  l!ie  rotation  of  the 
olcar  liquid  was  then  observed,  before  and  after  adding  a  drop  of 
ammonia  solution  to  establish  equilibrium.  Great  care  was  taken  to 
avoid  tho  presence  of  any  traces  of  alkali  which  might  induce  prema- 
ture equilibrium,  as  in  some  cases  it  was  found  that  the  presence  of  a 
Ntuall  proportion  of  tap-water  was  sudicient  immediately  to  cause  the 
dynamic  change : 


Tine  of 

•lotion,                Initial              Rotation  after  Change  of 

hoars.               rotation.            oddin;;  alkali.  rotation. 

—                   -r48'                  -1^48'  0°0' 

Oi5                 -118                 '14  +0  14 

I'O                   -0  45                   -  0  20  -1-0  2'> 

1-5                    -  0  22                    +0  2  +  0  24 

ii40                  +0  3:^                  +0  35  +0  3 

Taking  into  aeoount  the  following  rotations : 

Mandelonitrile  ghioosido    -26'1* 

o-Glucose   +105  0 

/i-Gluco«    +22  0 

Sqsilibrinm  mixtQrdofa«+^-glQflOM  +6^*6 


it  is  obvious  from  the  results  set  forth  above  that  in  the  decomposition 
of  mandelonitrile  glucoside  there  is  primarily  liberated  the  low  rotating 
y3-glucose,  which,  on  the  addition  of  ammonia,  is  at  onco  transformod 
into  tho  equilibrium  mixturo  of  higher  rotation,  thus  proving,  what  hat* 
been  generally  assumed,  that  Fischer's  glucoside  is  a  /?-glucoside.  As 
a  result  of  this,  it  is  certain  also  that  tho  dextrose  residue  of  the 
nmygdalin  biose  which  is  attached  to  the  benzaldehydecyaaohydrin 
nucleus  has  also  a  /^-configuration. 

Although,  as  mentioned  previously,  it  is  impossible  similarly  to 
obtain  direct  evidence  of  the  remaining  dextrose  molecule,  the  result 
can  be  attained  by  utilising  the  decomposition  of  amygdalin  itself  in  a 
manner  similar  to  that  used  for  mandelonitrile  glucoside.  If  both  molo- 
cules  of  the  biose  are  of  jS-configuration  the  poeiti7e  change  in  rotation 
should  he  greatly  increased,  whereas,  if  the  second  molecule  is  derived 
from  a-glucose,  the  optical  rotation  of  the  sugars  prodooed  on  liberation 
with  emnlsin  will  to  a  certain  extent  neutralise  each  other,  and  on 
production  of  the  equilibrium  there  wfll  be  no  change,  or  only  a  very 
slight  decrease  in  the  rotation.  This  was  actually  found  to  be  the 
ease*  as  by  using  strong  solutions  of  amygdalin  a  slight  dscrease  in  ^ 
rotation  oould  be  detected ; 
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Temjperature  ^  i0'5°. 


Weiffht  of 

Weight 
of 

Anviniiiliii 

Rotation 

in  50  c.c. 

omulsin 

Time  of 

after 

Ghinflo 

of  H.jO, 

added, 

action, 

Initial 

lulditii; 

of 

grams. 

gram. 

Ituurs. 

rotation, 

alkali. 

rotation. 

4-45 

0*3 

-ew 

-8*48' 

0*0* 

4-45 

0<8 

0'5 

-3  fi  t 

•  -4  4 

-010 

4-45 

0-8 

1-0 

-1  30 

-  1  45 

-0  15 

4 '45 

0*3 

20 

+  2  51 

+  2  43 

-0  8 

4*45 

0*8 

340 

•hO  26 

+  6  28 

^0  0 

a-8 

0-25 

^4  4S 

^4  48 

-0  0 

3-8 

0-26 

0-60 

-3  9 

-8  18 

wO  9 

8« 

0  25 

1*83 

-0  23 

-0  33 

-0  10 

8*8 

0*2fi 

200 

+214 

+214 

0  0 

Botalioiis  iQo^tiind  in  2<rdcm,  tnbe, 

From  thase  results  it  would  therefore  seem  to  have  been  definitely 
proved  that  the  biose  from  which  amygdalin  is  derived  is  not  maltoie» 
but  Ml  a/S-diglaoose,  and  that  amygdalin  shoald  be  formulated  as 
follows : 


H  H  OH  H  H 


C-CH. 


Of  extreme  interest  in  this  connexion  is  the  fact, "made  apparent  by 
the  following  experiments,  that  maltose,  unlike  glucose,  has  practically 
no  inhibiting  effect  on  tho  hydrolysis  of  amygdalin  by  emulsin, 

JCffect  of  Maltose  mi  the  Velocitrj  of  Hydrolysis, — For  each  experi- 
meot,  15  c.c.  of  2  per  cent,  amygdalin  solution  were  mixed  with  3  c.c, 
of  emulsiu  solution : 

Temperature  ~  41  '5° 


Tim*  of  aotioq,     Msltoae  s^dtid, 

mins.  SiaiAi 
30  — 

30  0-05 

30  0  10 

30  0-20 

SO  0-^ 


HON  fonned, 

gram. 

0  00287 
0*00284 

0'00281 
0-00283 
0'0q28Q 


Amygdalin  decompoMd* 

per  cent. 

17-46 
17-27 
17-lQ 
17-23 
17-04 


Mode  of  Frmotdw^  lAa  jEr;ydfo?ysi9.— Taking  into  aooonnt  the 
three  possthle  methods  of  deoompoeing  amygdalin  by  emulsin,  it  will 
be  observed  that  each  inTolves  the  produetion  of  diif erent  quantities 

of  the  end-products.     If  mandelonitrile  glucoside  is  formed  as  an 

intermediate  product  of  the  reaction  and  is  hydrolysed  more  slowly 

than  amygdalin  ^which  seems  to  be  the  case),  then  estimation  of  the 
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hydrocyanic  acid  and  the  benzaldehyde  formed  should  give  (relatively) 
lower  resulta  than  those  obtained  from  the  dextrose.  The  same  holds 
good  in  the  eqailtbrinm  stage  of  the  hydrolysis,  tm  practically  do 
enzyme  action  is  complete  and  consequently  a  oertatn  amoont  of  the 
intermediate  product  may  be  expected  to  remain  undecomposed. 
Similarly,  should  the  emnlsin  after  attaching  itself  to  the  /S-gluooside 
molecule^  as  it  apparently  must  do  in  its  r61e  of  jS-enyyme^  cause  the 
intermediate  formation  of  the  unknown  o/ff-disaccharide,  then  the 
dextrose  estimations  should  fall  below  those  of  the  hydrocyanic  acid 
and  benzaldehyde ;  only  in  the  event  of  the  ensyme  cansing  the 
disruption  of  the  amygdalin  molecule  by  simultaneous  cleavage  of  the 
*<hiose"  and  "cyanohydrin"  linkings  would  hydrocyanic  acid,  bens- 
aldehyde,  and  dextrose  be  formed  in  quantities  corresponding  with  the 
ordinary  equation  of  amygdalin  hydrolysis.  It  will  be  observed  that 
the  6r8t  method  leads  to  the  apparent  anomaly  of  amygdalin  being 
decomposed  in  the  same  manner  by  both  yeast  ensyme  (Oalitwell  and 
Courtauld's  amygdalase)  and  emulsio,  which  enzymes  are  of  course 
really  complementary  to  each  other  in  their  action.  From  one  or  two 
preliminary  experiments  carried  out  it  was  originally  thought  that 
the  biose  was  formed  as  an  intermediate  product.  This  view,  however, 
had  to  be  considerably  modified  after  careful  and  exhaustive  series  of 
experiments  had  been  carried  out.  It  was  eventually  found,  in  fact, 
that  estimations  of  hydrocyanic  acid  and  benzaldehyde  constantly 
gave  lower  results  than  those  of  dextrose. 

Care  had  to  be  taken  to  obtain  the  maximum  hydrolysis  in  as  short 
a  time  ;is  possible  so  as  to  avoid  any  error  due  to  partial  decomposition 
of  hydrocyanic  acid  on  standing.  A  correction  had  also  to  be  applied 
for  the  reducing  power  of  the  enzyme^added^  which  was  found  to  be 
considerable. 

To  avoid  repetition  and  to  save  space,  only  a  certain  number  of  the 
results  obtained  will  be  quoted,  and  all  these  are  included  in  the 
following  table : 


Decom-      'PiM^oTn-  Dcooni- 


Time 

Cn.,0 

position 

jMihition 

jK)sitiuri 

of 

Aniygilaliii 

Emulsin 

HCN 

formed 

from 

from 

from 

action, 

naed, 

formed. 

(oomeeted), 

HCK. 

C|Hi/>a. 

honrH. 

grams. 

gram. 

gram. 

grams. 

per  cent. 

percent,* 

'  per  coat,  t 

0  5 

0-4 

0  03 

0  00656 

0-6000 

23-5 

27-8 

10 

0*4 

0  08 

0-01000 

1  0520 

42-5 

48-0 

1'26 

0-4 

0-08 

001187 

1-S800 

60*2 

68*4 

49  9 

2  '25 

0-4 

0  03 

0  01 772 

1*8610 

7  5  0 

86-1 

7  r>  •  8 

.16  0 

1-2 

010 

0-06501 

91-7 

91  0 

200 

1-6 

0-20 

007665 

2-0800 

98*4 

94*9 

94-0 

4  0 

0-8 

0  06 

0-01480 

1  -9900 

87-0 

90-8 

1-76 

0-3 

0  on 

0  0 1380 

1  -9300 

81-6 

881 

0*25 

0-3 

U04 

0-00469 

28-4 

2S  6 

24*0 

1'5 

O'SO 

0*07Pe9 

2*1858 

07-0 

97^ 

90*S 

*  Estimated  gravimotrically.  t  Estimated  by  Bipper*S  mothod. 
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These  results  make  it  appear  certain  that  the  reactioD  proceeds  (at 
any  rate  mostly)  in  two  stages,  and  that  the  biose  liDking  iu  amygdalin 
is  less  resistant  towards  emulsin  than  that  of  the  benzaldehydecyano- 
hydrin.  In  tliis  way  mandelonitrilo  glucoside  is  formed  preferentially 
and  shouM  }i|i|>ear  among  the  reaction  product.'-.  By  stopping  the 
reaction  at  a  suitable  stage,  Fischer's  glucoside  can  actually  be  separ- 
ated. 0*5  Oram  of  emulsin  was  allowed  to  act  on  20  grams  of 
amygdalin  and  the  reaction  stopped  when  75  per  cent,  ol  the  amygdalin 
had  been  decomposed  as  calculated  from  the  hydrocyanic  acid  liberated. 
The  liquid  was  boiled  to  coagulate  the  protein  matter,  filtered  and 
eyaporated  to  dryness  with  animal  charooal»  the  charcoal  being  siibae- 
quentlj  extiacted  with  dry  ethyl  acetate.  After  repeating  this  process, 
the  concentrated  syrnp  was  allowed  to  stand,  when  the  mandetonitrile 
glnooeide  separated  in  small  needles,  melting,  after  veorystallisation, 
at  US'*. 

Considering  this  remarkable  intermediate  formation  of  mandelo- 
nitrilo gloeoside  in  the  hydrolysis  of  amygdalin  by  emnlsb,  which  is 
thus  identical  with  that  of  acids  (Oaldwell  and  Courtanld,  Trans., 
1907,  91,  666),  it  is  carious  that  Fischer's  glucoside  has  not  so  far 
been  discovered  coexistent  with  amygdalin  in  Katnre. 

CUEM  H  A  L  Df.I'AUTM  F.NT, 

EAbT  LONUUM  COULKUI:. 


CXXII. — The  Formation  of  A-Pijronc  Compounds  from 

Acetylenic  Acids.    Fart  IL 

By  SlBGFRlBD  RUHBMANX. 

Recently  (Trans.,  1908,  98,  431)  I  have  descrilxjd  a  method  of 
formation  of  4-pyrone  compounds,  which  is  based  on  the  reaction 
between  ketones  and  ethyl  phenyl propiolate  in  the  presence  of  sodium 
ethozide.  Thus,  two  members  of  this  group  of  substances  have  been 
obtained,  namely,  2-phenyl>6-methyl-4-pyrone  (1)  and  2  :  6*diphenyl-4- 
pyrone  (II) : 

SPhlCH-CO  CPhX'H  CO 

•CMe=cH  6-cPh— ca' 

(1.)  (11.) 
1  have  mentioned  also  (/oe.  ctf.)  that  the  formation  of  diphenyl- 
pyrone  is  accompanied  by  the  production  of  a  compound,  C^U^i^Oi, 
which  is  characterised  by  the  violet  coloration  of  its  solution  in  con- 
centrated sulphnric  acid.   I  have  frequently  stndied  the  action  of 
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sodium  ethoxide  on  ihe  mizkura  of  aootono  and  othyl  plienylpropiolate 
without  having  boon  aUo  to  trace  a  oompouad  with  nmilar  proportioa ; 

the  produet  of  the  reaction  ooofltats  of  phenyhofitbylpyrooe,  the  yield 
of  which  amounts  to  48 — 50  per  oent^  of  the  unehaoiged  aoetykitte 

ester,  and  the  corresponding  acid. 

The  present  paper  deals  with  the  study  of  phenylmetbylpyrone» 
which  1  have  carried  out  on  lines  -similar  to  those  adopted  by  F.  Feist 
{Antialen,  1890,  257,  253)  in  his  work  ou  2  ;  6-diLueLhyl'4-pyrono. 
He  showed  that  this  compound,  on  treatment  with  baryta,  is  traiij*- 
formed  into  the  yellow  baiiuin  salt  of  diacety  lace  tone,  which,  with 
hydrochloric  acid,  yields  the  colourless  triketone,  (CH3*C0*CH,)^CO. 
He  has  not  been  able  to  accomplish  the  analogous  change  on  using 
diphenylpyrone  owing  to  the  insolubility  of  this  pyrone  in  water 
(compare  Ber.,  1890,  23,  3726).  I  have  repeated  this  experiment,  but 
have  also  failed  to  isolate  the  triketone,  dibenzoy  lace  tone,  from  the 

.  product  of  the  action  of  baryta  on  the  pyrone.   Pheaylmethy  I  pyrone, 
however,  is  readily  transformed  into  a  yellow  barium  salt^  which,  with 

_  hydrochloric  acid,  yields  beiizoi/lacetylacetone, 

C«H,-CO-CH,-00*OH,-CO-CHj. 
This  compound  resembles  diacetylaoetone  in  its  behaviour.  Feist  has 
found  (loe,  ott)  that  the  latter  triketone  forms,  withphenylhydraane,  a 
yellow  diphenylhydzasone,  which  is  produced,  also^  by  the  action  of  the 
hydrazine  on  2 : 6-dimethyl-4-pyronecsrbozylie  add ;  in  this  case,  how- 
ever,  a  colourless  substance  is  formed  at  the  same  time  which  contains 
one  molecule  of  water  less  than  the  dihydrsaone.  A  compound,  whieh 
in  composition  and  properties  resembles  this  substance,  is  prodnoed  on 
treatment  of  bens<»ylaoetylacetone  with  phenylhydraiineu  The  fact 
that  tills  compound  is  very  stable  and  only  dightly  ndaees^Vebling's 
solution,  even  on  boiling,  points  to  the  constitution : 

N.N(C«H,)  N(U,U,).N 
C^Hj-  C  CHj'^^K^H,  C  -Cllg' 

This  corresponds  with  the  formula  suggested  by  Feist  for  the  colour* 
less  compound  which  is  formed  from  dimethylpyronecarbosylic  acid. 
By  the  action  of  ammonia,  bensoylaoetylacetone  is  transformed  into 

H-j/hmi/l'Q'methi/l-i-jji/ridonej 

'"^^C(CH3)=CH^"' 

This  substance  has  a  characteristic  behaviour  which  neither  pyridooe 
nor  its  dimethyl  derivative  seems  to  possess,  namely,  that  its  aqueous 
solutions  readily  gelatinise  ;  this  property  vsnders  its  purification  some- 
what troublesome.  I  have'  prepared  several  salts  of  tiiis  base,  but 
none  of  them  exhtbits  this  i)benomenon.  The  ease  with  which 
^•diketonesp  for  icample,  aoetyleoetone,  react  with  aldehydes  haa 
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induced  me  to  ascertain  whether  benzoylacetylacotone  shows  a  similar 
behaviour  j  I  have  found,  however,  that  in  the  presence  of  neither 
piperidine  nor  sodium  hydroxide  as  catalytic  agent  does  this  triketone 
condenae  with  benzaldehyde  or  balicjl&ldehyde. 

EZPBfilMKJNTAIi. 

Jknzayiaeeiiflacekme,  OA*00*CH,-CO*OH,*00*OH,. 

On  adding  a  concentrated  aqueous  solution  of  baryta  to  phenyl- 
methylpyrouo  dissolved  in  boiling  water,  a  yellow  barium  salt  is 
precipitated  which,  when  added  to  diluto  hydrochloric  acid,  loses  its 
colour  and  is  transformed  into  benzoylacetylacetono.  This  substance 
is  sj^aringly  soluble  in  carbon  disulphide,  ether,  or  cold  alcohol,  but 
readily  dissoives  in  boiling  alcohol  or  chloroform;  it  crystallises  from 
light  petroleum,  in  which  on  l>oiUiig  it  is  fairly  soluble  in  palo  browa 
needles  melting  at  106—107'' ; 

0*2213  gave  0*6716  00.  and  01182  H^a   0 » 70*44 ;  H- 5*93. 
CisHigO^  xequireB  C  -  70*09 ;  H  =-  6*88  per  oent^ 

The  triketone  is  readily  dissolved  by  dilate  potassiiun  hydroxide, 
yielding  a  ^  ellovr  solution ;  it  is  insoluble  in  ooldjL  but  soluble  in  hot 
sodium  carbonate  solution, 

Aetim  of  PkmylkfdrtmM  on  Betueo^laeetytaotiam. 

On  adding  water  to  the  mixture  of  tho  triketone  (1  gram),  dissolved 
in  alcohol,  and  phenylhydrazine  (1*2  grams),  an  oily  product  is  precipi- 
tated which,  when  stirred  with  alcohol,  sets  to  a  yellow  solid.  This 
is  sparingly  soluble  in  boiling  alcohol,  and»  on  ooolittg,  crystallises  in 
eolourless  prisms  melting  at  174 — 175^ : 

0*2016  gave  0*6800  CO^  and  0*1100  Hfi.  0<- 78*60;  H«6*06. 

0*2266   „   30  OA      (moist)  at  IT  and  766  mm.   N  « 16'2a 
Cj^H^jN^  requires  0-78*69 ;  H=6*01 ;  N- 16*30  per  oent. 

The  formation  of  this  substance  is  most  probably  proceeded  by  the 
production  of  tho  diphenylhydriuono  of  benzoylacetylacetone,  whieb, 
however,  at  once  condenses  with  loss  of  water.  The  fact  that  this 
compound  is  but  slightly  attacked  by  pota.s.suiin  hydroxide  or  hydro- 
chloric acid,  and  only  faintly  reduces  Fehling's  bolutiou  on  boiling, 
seems  to  supporV  the  formula  given  on  p.  1282. 
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ch:c(CHs) 

BenioyUusetylacetone  ia  readily  solaUe  in  liot^  ooncentrated 
ammonia;  on  evaporating  the  aolutton  on  the  water^bath,  a  solid  ii 
left  behind  which  is  sparingly  soluble  in  oold,  but  readily  so  in  boilii^ 
water.  The  hot  eonoenttated  solution,  alter  treatment  with  Animal 
eharooal,  deposits  colourleas,  curved  needles,  and  the  mother  liqnori 
after  a  short  time^  sets  to  a  jelly  which  renders  it  impossible  to  collect 
the  crystals.  It  is  therefore  necessary  to  filter  them  from  the  warm 
solution.    The  pyridone  melts  at  177 — 178°  : 

0-2100  gave  0-5970  CO,  and  01155  HgO.    0  =  77  53;  H-6-11. 
0-2230    „    U-8  c.c.  N.,  (moist)  at  18°  and  755  mm.    N  =  7*61. 
G„H„ON  requires  C»77'S4.   H-5-95  i  N-7'd7  per  cent. 

The  gelatinous  product  which  separates  from  the  mother  liquor 
of  the  crystals  seems  to  contain  the  same  substance ;  this  would  follow 
from  the  fact  that  the  solid  which  is  left  behind,  on  evaporation  to 
dryness,  gave  the  following  analytical  data : 

0-2172  gave  0-6138  CO,  and  01 182  H,0.    0  =  77*07;  H  =  G  04, 

which  do  not  appreciably  differ  from  those  required  for  phenyl* 

methylpyridone. 

The  pyridone  dissolves  in  hot,  concentrated  hydrochloric  acid,  and 
the  solution,  on  cooling,  deposits  colourless  needles  of  the  hydroelUond$* 
This  melts  at  243°,  after  having  begun  to  soften  at  325°;  it  is  not 
very  soluble  in  oold,  but  readily  so  in  boiling  water : 

0-2340  gave  0'1518  AgCl.    CI  - 16  05. 

CioH^jONjHCl  requires  01  =  16-03  per  cent. 

On  adding  platinum  tetrachloride  to  the  aqueous  solution  of  the 
hydrochloride^  the  pktUrUehloride  of  the  pyridone  is  precipitated  an 
pale  orange^  microscopic  needles : 

0*3048  gave  9*6  ex.     (moist)  at  19°  and  764  mm.   N  -  8*65. 
0*2068  left  on  ignition  0*0520  Pt   Pt«  25*09. 
(C,2H„0N)„H,PtCle  requires  N«3*59.   Pt-  24*94  per  cent. 

The  jncrate  is  formed  on  mixing  aqueous  solutions  of  plienylmethyl- 
pyridono  and  picric  acid.  The  emulsion  which  is  first  produced,  soon 
sets  to  a  crystalline  solid,  which  is  sparingly  soluble  in  cold,  but 
fairly  readily  in  boiling  water,  and,  ou  cooling,  separates  in  yellow 
needks  melting  at  194 — 195°  : 

01986  gave  24  c.c.      (moist)  at  2(f  and  753  mm.    N- 13*69. 
C„H„ON,CcU,0,N,  leiuires  N»  13*52  per  cent. 
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The  ckromate  is  precipitated  in  orange  needles  on  adding  chromic 
acid,  dissolved  in  water,  to  the  aqueous  solution  of  the  pjridone  : 

0*2368  gave  10  c.c.      (moist)  at  W  and  754  mm.  K«i4*81. 
(0uH||0N)2,B^0r,0,  nqnires  Ka4-76  per  oent. 

Tlie  salt  does  not  melt,  but^  on  heating,  begins  to  blacken  at  about 
155^;  it  is 'sparingly  solnble  in  oold,  bat  readily  so^in  boiling 
water. 

GtomriLLE  and  Caius  Gollbok, 
Cambbidqs. 


CXXllL — a-Methylcamp/ior  and  Fenchone. 
By  Walter  Hamib  Olotsb. 

The  investigation  described  in  this  communication  was  undertaken 
primarily  with  the  object  of  contrasting  a-mothylcamphor  with 
f enchone,  to  which  Wailach  has  assigned  the  formula 

CHj— <jJH— CHMe 
CH^— CH— CO 

mainly  because  //i-cymene  is  formed  when  it  is  heated  with  phosphoric 
oxide  {AnnaleHf  1898,  300,  319).  If  f enchone  possess  the  con- 
stitution represented  by  this  formula,  it  should  be  similar  to  a-methyl- 
camphor  in  its  general  chemical  behaviour,  as  it  is  not  to  be  supposed 
that  the  transference  of  a  methyl  radicle  to  the  a-position  would  tend 
to  alter  the  properties  of  the  compound  materially.  As  a  matter  of 
fact,  the  two  substances  are  essentially  different  in  chemical  behaviour. 
They  differ  most  markedly  in  their  behaviour  towards  bromine. 
Mingnin  has  stated  {Compt.  rend.,  1903,  136,  751)— and  his  oboer- 
nations  have  been  confirmed — ^that  a-meUiylcamphor  yields  on  bromi- 
nation  a  weU-defioed  monobromo-derivatiTe,  namely,  a'-bromo-a* 
methyhssmphor ;  fenchone,  when  similarly  treated,  does  not  yield  a 
bffomo-derivative :  in  fact,  bromofenchone  is  obtained  as  a  somewhat 
ill-defined  oil  only  when  fenchone  is  heated  with  bromine  in  sealed 
tubes  at  lOQP  for  twenty  hours  (Csemy,  Ber.,  1900,  33,  2287).  The 
two  compounds  also  differ  in  that  a-methylcamphor  is  as  readily 
sulphonated  by  Reychler's  method  (Bull,  Soe,  ehim.,  1898,  [iii],  19, 
120)  as  camphor  itself,  whilst  fenchone  resists  snlphonation. 

These  two  facts  are  aloLo  j^iillicieiit  to  make  it  luoio  than  doubtful 
whether  the  constitution  of  fenchone  be  that  buggested  by  Wailach, 
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TJm  objection  may  also  be  raised  to  Wallach's  formula  that,  nooe 
camphor  yields  /Msymene,  fenchone  should  yield  ortbo-,  not  meta-, 
eymene: 

CHa— H— CH,  CH,— (^H— CHMe 


CMe, 


('Me., 


UK,— CMe-CO  CHo— OH— CO 

Semmler  (CAem.  1905,  29,  1313),  arguing  from  the  fact  that 
tMoamphoronic  acid,  dimethylcarballylic  acid  and  dimethyl malonic 
acid  are  products  of  oxidation  of  fenchoDOi  has  concluded  thai 
WaUaeh's  lonnnla  is  inooneot  and  has  pat  forward  the  following : 

OH,— (JH— OMe^ 


CHj— CMe-OO 

Although  this  formula  foreshadows  the  ditiiculty  with  which 
fenchone  is  brominatod,  there  is  no  obvious  reiison  why  such  ;i 
compound  should  not  yield  a  /S-sulphonic  acid  with  the  same  readiness 
as  a-methylcamphor ;  moreover,  the  formula  in  no  way  givee  ex- 
pression to  the  production  of  m-cymene. 

It  is  suggested  that  the  following  formula  would  better  represent 
the  formation  of  this  hydrocarbon  and  would  likewise  show  why 
fenchone  should  not  be  brominated  readily  nor  be  converted  into  a 
^-sulphooic  acid  by  Beychler's  method. 

CHj-CHa-CMe 

CMe, 
^  I 

CHo-CH-CO 

A  monobroroo-deri  viitive  of  a-methylcamphor  isomeric  with  that 
obtained  directly  from  a  methylcamphor  was  prepared  by  Minguin 
{loc.  cit.)  by  acting  ou  methylonecamphor  with  a  solution  of  hydrogen 
bromide  in  glacial  acetic  acid. 

Haller  and  Minguin  {CompL  rend,,  1900,  130,  1362;  1901,  133, 
79)  found  that  a-bensyloEunphor  on  brominatiou  gives  rise  to  two 
stereoisomeric a'-bromo-a-benzylcamphors  (I  and  II),  which  meltrespeo- 
tively  at  94—95°  and  90—91'' ;  whilst  the  isomertde  formed  by  adding 
hydrogen  bromide  to  beniylidenecamphor  is  an  «»-biomo-«-baB^K 
camphor  (HI)  melting  at  IW, 

p^Br(a)  p^CH.Ph(a)  p^H 

\uo  ^CO  ^00 

(I.)  (II.)  <II1.) 

Minguin  therefore  supposed,  on  the  assumjjtion  that  o-methyl- 
camphor  was  the  analogue  of  a-benzylcamphor,  that  the  compound 
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obtained  direetly  was  a-bnmuHt-methylcamphor  (lY)  and  that  the 
iaomeride  was  a»-bromo-a-methyleamphor  (V). 

av.)  (V.) 

It  Beamed  not  improbable,  however,  tbat  auioe  these  iaomeridesy  like 
the  iaomerie  a -bromo^-beosylcamphora,  melt  within  a  few  degrees  of 
each  other,  the  melting  pointa  being  6P  and  65^  respeetiTelj,  they 

might  be  stereoisomerlo  a'-bromo-a-methylc&mphors,  thus : 

p^Br(a)  p^Me(a) 

Now  Lowry  has  shown  (Trans.,  1906,  89,  1033)  that  a-mono- 
8ub:^tituted  derivatives  of  camphor,  such  as  a-bromocamphor,  are 
partly  converted  into  their  stcreoisomeric  forms  by  the  addition  of  traces 
of  Hodium  ethoxide  to  their  alcoholic  Rolutions,  the  change  being 
accompanied  by  a  change  in  the  optical  rotatory  power  of  the  aolution. 
It  therefore  seemed  possible  that,  by  investigating  the  ofTecb  of  alkali 
on  the  optical  rotatory  powers  of  alcoholic  solutions  of  the  two  mono- 
bromo-derivatives  of  a-methylcamphor,  the  correctness,  or  otherwise, 
of  the  above  supposition  could  be  tested.  However,  neither  of  the 
alcoholic  solutions  of  the  isomerides  showed  any  change  in  optical  rota- 
tory power  on  the  addition  of  alkali,  although,  as  was  proved  later,  one 
of  the  isomerides  is  o>-bromo-a-methylcamphor  as  stated  by  Minguin  (loc. 
eU.).  Further  examination  of  a-methylcamphor  and  its  ^-substitnted 
derivatives  showed  that  these  compounds,  although,  still  containing  an 
atom  of  hydrogen  in  the  a-position,  apparently  do  not  undergo  stereo- 
isomeric  change  in  alcoholic  solution  under  the  influence  of  alkali.  It 
appears  not  improbable  therefore  that,  under  these  conditions,  only 
those  a-mono-substitated  derivatives  of  camphor  undergo  stereoisomerio 
change  in  which  the  substituting  radicle  is  strongly  negative  in 
character,  as  was  the  case  in  the  compounds  investigated  by  Lowrji 
onleas  it  be  that»  in  the  above  eases,  the  change  takes  place  very 
rapidly  before  the  addition  of  alkali  and  escapee  observation. 

The  action  of  potassium  permanganate  on  the  isomerides  was  first 
investigated.  Although  both  ate  but  slightly  affected  by  this  agent, 
nevertheless,  under  similar  conditions,  it  is  noticeable  that  the  colour 
of  the  permanganate  is  discharged  more  readily  and  that  more  bromide 
is  found  in  solution  in  the  case  of  the  compound  described  by  Minguin  as 
«»-bromo-a-methyl camphor  than  in  the  case  of  a'-bromo-a-methylcamphor. 
Again,  the  former  compound  remains  unaltered  in  the  presence  of  cold 
nitric  acid  (sp.  gr.  1*4),  whereas  the  latter  readily  parts  with  it^  bromine 
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wben  limilarly  treated.  This  difference  in  tlie  beh&vioar  of  the  two 
compounds  being  scarcely  tbat  to  be  expected  in  the  case  of  stereo* 
isomerides,  their  comparative  study  was  continued:  finally  it  was 
found  possible  to  brominate  one  isomeride,  namely»  the  wbromo-a- 
methylcamphor^  whilst  the  other  isomeride^  a  •bromo^-methylcamphor, 
remained  unattached. 

The  compound  obtained  by  bromioating  <i>-bromo-a-methy]camphor 
is  (xja -dibromo-a-methylcamphor,  since  it  is  identical  with  the  com- 
pound obtiiiued  bj  the  addiLiun  of  bromine  to  methylenecamphor. 

As  regards  the  properties  of  the  individual  derivatives  of  a-methjl- 
camphor  desciibed  in  this  paper,  little  need  be  8aid.  Generally 
speaking,  they  are  very  similar  to  the  corresponding  camphor  com- 
pounds in  their  ordinary  chemical  and  physical  ch.iiacteristicc«.  As  a 
rule,  however,  the  melting  point  of  the  compound  is  lowered  by  the 
introduction  of  the  methyl  group  into  the  a-position,  whilst  the 
specific  rotatory  power  remains  approximately  the  same  ;  this  will  be 
seen  by  reference  to  the  following  table,  in  which  are  given  the  specidc 
rotatory  powers  and  melting  points  of  the  corresponding  derivatives  of 
({•camphor  and  ormethylcamphor. 

Compoiuid.  IL  p.  («]». 

Camphor   ,   176*  +43°  (alcohol) 

a-Bromocamphor    76  +136  (alcohol) 

Camphnr-6-sulphonic  acid   193  <f21  (water) 

CainphoM-salpboajrl  ehl<uid«   67—69  +81  (chloroform) 

Camphor-j9-su1phonam:do    182  +1'5  (cblorofonn) 

/i-Brumocamphor   78  +19  (alcohol) 

a-Methyloamphor   88  +80  (alcohol) 

a'-Br.mo-a-methylc imphor    625  +180  (alcohol) 

a-Methylcamphor-/3-sulphonic  acid   114—116         +18  (water) 

«*Methylcaniptior-i3-8ulphoayl  chloride  33  +29  (bt:uzeue) 

••Methylcamphor-jS-sulphoaamide   160  -6'8  (chloioform) 

^Biomo-«-methjrlcampiior   66  -fl8  (aleohol) 

Thus,  although  the  introduction  of  the  methyl  group  into  the 
a-position  involves  the  production  of  a  third  asymmetric  carbon  atom 

within  the  molecule,  no  marked  change  in  the  rotatory  power  is 
induced.  This  is  what  might  bo  expected,  since  the  greater  the 
dissimilarity  of  the  radicles  occupying  the  aa'-poaitions  the  greats  is 
the  change  produced  in  the  specific  rotatory  power  of  the  compound. 
This  is  at  once  seen  from  the  following  examples : 


Camphor  ...   [a]o  +43° 

a-Methylcamphor  «.  [ajo  +30 

••lodocauiphor  [ajp  +160 


a>Bromoeamphor   [o]o  +135" 

••Cbloro'a'-bromocamphor  [ajo  + 10 
oa'-Dibromooamphor  [ajo  +40 


A  great  difference  exists,  however,  between  the  specific  rotatory 
powers  of  the  oximes  of  the  two  compounds.  As  was  bhowu  bjf 
Beckmann  (A7mal^n,  1889,  250,  354),  the  oxime  obtained  from  c/-cam- 
phor  Las  the  specific  rotatory  power  [aju  -42°;  that  of  the  oxime 
prepared  from  a-methjrlcamphor  is  [a]o  +  30°  (both  in  alcoholic  eolu- 
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tion).  It  therefore  seems  not  improbable  that  the  two  ozimea  have  a 
diii'erent  structure.  In  harmony  with  this  conclusion  is  the  faot 
that  camphorozime  ia  soluble  in  alkali,  whilst  a-methyloamphorozime 
IB  insoluble. 

Beference  may  also  be  made  here  to  the  fact  that  o-metbylcam- 
phoroxime  undergoes  dehydration  as  readily  as  camphoroxime  itself 
when  heated  with  dilate  salphurio  aoid,  showing  that  snbetitation  in 
the  o-poeition  has  no  marked  influenoe  on  the  readiness  with  whioh 
the  nitrile  is  formed. 

In  conclusion,  mention  may  be  made  of  what  appears  to  be  a  case 
of  isomorphism  met  with  in  the  present  investigation. 

In  an  attempt  to  separate  a  miztore  of  camphor  and  its  a-methyl 
homologue  by  bromination  and  snbseqnent  fractional  crystalUsation  of  • 
the  resulting  product^  a  substance  was  obtained  whioh,  although  it 
melted  within  a  degree  of  the  temperature  given  by  Mingain  as  the 
melting  point  of  a'-bromo^a-methylcamphor,  on  analysis  was  found 
to  contain  more  bromine  than  was  required  by  theory.  Subsequently, 
it  was  shown  to  bo  a  mixture  of  aa'-dibromo-  and  a -bromo-a-methyl- 
campbor,  wbich  remained  practically  constant  in  composition  uotwith- 
stauding  repeated  crystallisation. 

That  the  two  compounds  are  in  all  probability  i»omorphous  follows 
from  the  fact  that  they  both  crystalli&e  in  the  orthorhombic  system 
and  have  the  axial  ratios : 

M'>DibromocsiDphor    1*5778 : 1 :  8*0686  (Zepharoviteh,  JtfiMMfilb.,  1882, 

3,  2:n). 

a'-Bromo-a'methylcamphor          07604:1  :0*4921  (Minguin,  Compl.  rend.,  1903, 

186.  7.52). 

Multiplying  a  by  2  and  c  by  i,  we  obtain  the  axial  ratios  for  the  latter 
compound  :  1*5208  : 1 :  1*9684. 

It  seems  therefore  that  a -bromo-a-methylcamphor  belongs  to  the 
iaomorphous  series  the  existence  of  which  was  first  pointed  out  by 
Lowry  (Trans.,  1898,  73,  574) : 

oa'-Dibromocampbor   1  '6778  : 1  : 2  0685 

tt'-Chloro-a-bronoeamphor   1*6895 :1  ;1'9144 

«.Chl<*ro-a'-bromocamphor   1  5338  :  1  :  1  9020 

oa'-Di^'lilororamphor    1  -1820  : 1  :  1  -8358 

a'-Bromo-a-melhylcamphor   [1  5208  :  1  :  1  '9684] 

S&IMENTAU 

orMiikjfioampAar  was  first  prepared  by  Minguin  (CompL  rmtd,,  1891, 
112,  1370)  from  methyl  a-methylcamphcff>-a,'-carboxylate.  Since  this 
method  of  preparation,  commencing  with  camphor,  necessitates  the 

preparation  of  three  intermediate  compounds,  attempts  were  made  ai 

the  beginaiii^  of  the  investigation  to  synthesise  this  compound  directly 
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from  camphor  by  aotiDg  on  the  sodium  derivative  of  the  latter  wilh 
methyl  iodide. 

Finely-powdered  sodamide  was  added  to  a  solution  of  camphor  in 
dry  bensene  in  a  flask  fitted  with  a  reflux  condenser  and  the  mixture 
heated  until  ammonia  ceased  to  be  evolved ;  methyl  iodide  was  then 
added  veiy  cautiously  to  the  sodium  camphor  so  obtained  and  the  whole 
heated  for  some  time ;  the  product  was  shaken  several  times  with 
water  to  remove  the  sodium  bromide  and  then  repeatedly  extracted 
with  a  mixture  of  four  parts  of  ooneentrated  snlphurie  acid  with  (me 
part  of  water.  On  poaring  the  add  extract  into  water,  an  oil  was 
precipitated ;  this  was  separated  by  steam  distillation  from  the  acid 
liquid,  dried,  and  fractionally  distilled*  The  chief  fraction  passed 
over  between  21S — 218^ ;  it  solidified  after  some  time  at  about  W, 

Since  a-methylcamphor  boils  at  220^,  it  was  evident  that  this  ffaetion 
was  Dot  pure  a-methylcamphor  but  probably  a  mixture  of  this  com- 
pound with  unchanged  camphor.  As  it  was  impossible  by  mere  fractional 
distillation  to  effoct  a  separation  of  the  two  substances,  it  was  decidtsl 
to  bromiuate  the  mixture  and  submit  the  product  to  fractional  crys- 
tallisation so  as  to  obtain  a'-bromo-a-methylcamphor,  from  which  pure 
a-methylcamphor  could  be  prepared  by  treatment  with  zinc  dust  in 
alcoholic  solution. 

The  fraction  boiling  at  215 — 218°  was  therefore  heated  in  a  flask 
on  a  water-bath  and  bromine  added,  drop  by  drop,  slightly  in  excens 
of  the  quantity  required  by  theory.  The  mixture  having  been  heated 
until  hydrogen  bromide  ceased  to  be  evolved  wan  shaken  with  a  dilute 
solution  of  sodium  hydroxide  and  the  pasty  mass  so  obtained  fracti<Ni- 
ally  distilled  in  steam.  The  solid  product  was  puriOed  by  orystallisa- 
tion  from  alcohol  and  then  from  light  petroleum,  from  which  solvent 
it  crystallised  in  large  prisms  melting  at  62°.  It  was  at  first  thought 
that  this  product  was  a-bromo-a-methylcamphor,  which  according  to 
Minguin  (C^mpi.  rsnd.,  1903,  136,  752)  melts  at  61^  However,  on 
analysis,  this  was  found  not  to  be  the  ease: 

I.   0-2303  gave  0-1986  AgBr.  Br-S6*7a 
II.    0  1768    „    0  1524  AgBr.  Br-86-68. 

CjjHjyOBr  requires  Br  =  32  65  per  cent. 

The  substance  was  then  recrystallised  three  times  from  light 
petroleum  and  again  analysed  : 

I.    0-1871  gave  01621  AgBr.    Br -36-87. 
II.   01790   „    01650  AgBr.   Br- 86-85. 

From  these  results,  it  is  clear  that  tlio  composition  of  the  substance 
had  undergone  no  change  during  the  recrystallisation.  Tlie  observed 
rotation  of  an  ethyl-alcoholic  solution  containing  0*7542  gram  per 
15  c.c.  of  solution  in  a  2-dcm.  tube  at  20°  was  +14*64°  whence 
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[afl  •¥  145*4^  The  Bpedfie  rotatory  power  of  a-bromo-tt-metliyloaiiiphor 
is  [a]?  + 184*4^  Now  if  the  enbetance  were  an  impure  a'-bromo-a-methyl- 
eamphory  it  follows  from  these  figmres  that  the  impurity  must  have  heeii 
one  eontaining  more  bromine  and  of  smaller  specific  rotatory  power  than 
this  oompound.  Since  aa'-dibromooamphor  melts  at  61^  and  has  the 
spedfic  rotatory  power  [ajo  +40^  it  was  thought  probable  that  the 
impurity  might  be  aa -dibromocamphor.  Some  of  the  substance  was 
therefore  mixed  with  a  little  aa'-dibromocamphor  and  the  melting 
point  of  the  mixture  determined  ;  it  was  found  to  be  61°.  This  result 
tends  to  show  the  correctness  of  the  conclusion ;  it  may  here 
be  mentioned  that  subsequently,  when  the  substance  containing 
36  7  per  cent,  of  bromine  was  licated  with  a  large  excess  of  alcoholic 
potash,  not  only  was  methjlenecumphor  obtained  but  also  a-bromo- 
camphor,  m.  p.  76^,  derived  from  the  aa'-dibromocamphor  present. 
An  attempt  was  made  to  obtain  pure  a'-bromo-a-methyicamphor  from 
the  mixture  by  treatment  with  small  quantities  of  alcoholic  potash, 
the  object  being  to  convert  the  aa'-dibromocamphor  into  a-bromo- 
camphor  and  by  fractional  crystallisation  to  separate  this  compound 
from  the  a'-bromOHt-methylcamphor ;  but  this  was  not  a  success. 


ffydrolynt  of  MeUiyi  a-Methylcamphor-a-aurboxylati* 

Since  pure  ormethylcamphor  could  not  be  obtained  directly  from 
camphor,  it  was  prepared  by  bydrolysing  methyl  a-methylcamphor- 
a-carboxylate.  Brtthl  (Ber.,  1902,  35,  3623)  has  shown  that  when  a 
mixture  of  this  ester  with  five  times  its  weight  of  15  per  cent,  sodium 
methozide  in  methyl  alcohol  is  heated  for  about  four  hours  at  80^, 
it  is  completely  hydrolysed,  a-methylcamphorV-carboxylic  add  being 
formed  together  with  some  a-methylcamphor.  It  seemed  probable, 
therefore,  that  a  complete  conversion  into  a-methylcamphor  would 
be  effected  by  prolougt;d  heating,  and  that  the  rather  objectionable 
method  originally  used  by  Minguin,  namely,  treatment  of  the  ester 
with  alcoholic  potash  in  sealed  tube  at  120 — 130°  for  twelve  hours, 
might  be  dispensed  with.  However,  it  was  found  that  even  after 
heating  the  ester  with  soilimn  methoxide  on  a  water-bath  during 
twenty-four  hours  only  about  one-half  had  been  converted  into 
a-mothylcamphor,  eo  it  was  decided  to  use  alcoholic  potash  as  the 
bydrolysing  a<^ent  and  an  autoclave  instead  of  sealed  tubes. 

A  flask  containing  110  grams  of  the  ester  dissolved  in  about 
400  0.0.  of  95  per  cent,  ethyl  alcohol,  to  which  had  been  added  a 
solution  of  60  grams  of  potassium  hydroxide  in  50  c.c.  of  water, 
was  placed  in  an  autoclaTO;  this  was  heated  in  an  oil-bath  the 
temperature  of  which  was  maintained  at  160^170°  during  about 
twelve  hours.   The  liquid  in  the  flask  was  then  poured  into  a  fairly 
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large  quantity  of  water,  the  a-methyloaiBphor  was  ezferaeted  with  ether 
and  the  ethereal  solatioii  dried  and  fraotioiially  diattUed*  At  firat 
ether  and  alcohol  paased  over,  after  which  were  obtained  the  following 
fractions:  I.  216— 22(P«16  grama,  II.  222<-22S»a26  grana. 
III.  229 — 233 « 16*5  grama.  Befradionation  yielded  a  fraction 
boilmgat  220 — 221'',  which  solidified  on  cooling  to  a  crystalline  solid 
melting  at  87 — 38,  the  temperature  given  by  Minguin.  Further 
purification  may  be  effected  by  diluting  a  5  per  cent,  alcoholic  solution 
with  a  moderately  large  bulk  of  water ;  the  a  mcthylcamphor  separates 
from  the  diluted  alcohol  in  white,  glistening  leaflets  melting  at 
38—39°  An  ethyl-alcoholic  solution  of  the  compound  containing  5 
grams  per  100  c.c.  of  solution  gave  [ajn  +  30*0°  Minguin  in  his  first 
communication  on  a  methylcamphor  {Compt.  rend.,  1891,  112,  1370) 
gives  [dl ,  +  270'65^(r66  grams  per  10  c.c),  which  value  is  that  quoted 
in  all  text-books.  Subsequently  (Compt.  rend.,  1903,  136,  752)  he 
gives  the  value  [a]i,  +27*65°  The  addition  of  sodium  ethoxide  to  the 
alcoholic  solution  of  a-methylcamphor  is  unaccompanied  by  any  change 
in  the  specific  rotatory  power  of  the  solutiooi  so  that,  although  still 
containing  a  hydrogen  atom  in  the  a-position,  a-methylcamphor  ia 
apparently  not  converted  into  ita  atereoiaomeride  under  the  inflnence 
of  Bodiom  ethozide. 

a'-J^rvmo-a-^iMrtAylflCNiifsAor. 

This  compound,  originally  obtained  by  Minguin  by  treating 
o>methyloamphor  diseolved  in  carbon  disulphide  with  bromine,  is  more 
readily  prepared  hy  gradually  adding  the  theoretical  quantilj  of 
bromine  to  the  alkylcamphor  contained  in  a  flask  heated  on  a  water- 
hath.  When,  hydrogen  bromide  ceaaas  to  be  evolved,  the  emde 
product  ia  washed  with  dilute  aodium  hydroxide  and  feoryatalUaed 
several  timea  from  hot  alcohol»  from  which  it  separatea  in  eryatab 
melting  at  62*6^  (Minguin  gives  61^  and  resembling  ammonium 
chloride.  A  mixture  of  four  parte  of  this  compound  with  one  part 
of  oa'-dibromcoamphor  (m.  p.  61°)  waa  found  to  melt  at  60-^l'5*\ 
so  that  the  condusion  arrived  at  above  with  reference  to.  the 
compound  obtained  by  the  bromination  of  the  mixture  of  camphor 
and  a-methylcamphor  receives  additional  support : 

0-1864  gave  0  U38  AgBr  ;  Br  =  32-82. 
01610    „    0-1154  AgBi  ;  Br  =  32-52. 

Cj^Hj^OBr  requires  Br  >s  32*65  percent. 

The  specific  rotatory  power  was  determined  in  dd'6  per  cent,  ethyl* 
alcoholic  solution,  the  concentration  being  5  grama  per  100  c.c. ; 
the  value  obtained  waa  [a;gf  + 184-4°  (Minguin  givea  [0]^  + 176-8°). 
The  apecific  rotatory  power  twenty  hours  after  the  addition  of 
aodium  ethoxide  to  make  the  eolutkn  approximately  Jf/IQQQ  waa 
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[a]o  +IB4'1^;  in  other  worda^  a-bromo-a-methylcamphor  undergoeB 
DO  stereoisomerio  change  in  the  presence  of  traces  of  sodium  ethoxide« 
Similarly,  a  bensene  solution  containing  0-6966  gram  per  15  e.c  of 
Bolution  was  examined  in  a  2-dcm.  tube  at  25°.  The  rotation  observed 
was  + 17*78%  whence  [a]i  + 190*8%  One  drop  of  pipertdine  was  then 
added  to  the  contents  of  the  tube ;  the  rotation  observed  twentj-foor 
hours  after  the  addition  of  the  base  was  + 17*70%  so  that  no  isomeric 
change  had  been  prodaced  by  the  presence  of  this  base. 

t^Bramo-a-methylcamphor, 

This  isomeride  of  the  oompoitnd  just  described  is  piepared  by 
the  addition  of  hydrogen  bromide  to  methylenecamphor.  The  latter 
componnd  is  obtained  by  boiling  for  sixteen  hours  a  ^lotion  of  SO 
grams  of  a-bromo-a-methyloamphor  in  140  OiC.  of  alcohol  with  80 
grams  of  potassium  hydroxide  dissolved  in  an  equal  weight  cit  water. 
The  brown  solution  thus  obtained  is  diluted  with  water,  distilled  in 
steam,  the  distillate  extracted  with  ether,  and  the  ethereal  solution  dried 
and  then  fractionally  distilled.  The  portion  which  passes  over  between 
216^  and  219'  (10  grams)  is  practically  pure  methylenecamphor. 

In  order  to  bring  about  the  interaction  of  hydrogen  bromide  and 
methylenecamphor,  the  latter  compound  is  dissolved  in  about  three 
times  its  weight  of  a  cold  saturated  solution  of  hydrogen  bromide  in 
glacial  acetic  acid  and  the  mixture  allowed  to  stand  in  a  stoppered 
bottle  at  the  ordinary  temperature  for  at  least  six  weeks.  At  the  end 
of  this  period,  the  light  brown  solution  is  diluted  with  a  large  volume 
of  water,  the  heavy  oil  which  separates  is  washed  with  dilute  sodium 
hydroxide  and  the  pasty  mass  so  obtained  washed  thoroughly  with 
water  and  dried  on  a  porous  plate.  The  crude  product  is  best  purified 
by  crystallisation  from  alcohol,  from  which  solvent  it  crystallisea  in 
colourless  prisms  melting  at  65 — 66° : 

0*1444  gave  0*1116  AgBr.  Br  »  32*88. 
0*1734  „  0*1330  AgBr.   Br -32*64. 

0||H|fOBr  requires  Br «  32*66  per  cent. 

The  spedfio  rotatory  power  was  determined  in  99*5  per  cent,  ethyl- 
alcoholic  solution  oontainiDg  5  grams  per  100  c.c.  The  value  obtained 
was  [a]^  +155*4*»:  Minguin  gives  [ajo  +  ISO'S*. 

The  specific  rotatory  power  twenty  hours  after  the  addition  of 

sodium  ethoxide  to  render  the  solution  approximately  iVyiOOO  was 
[a]u  + 155*2°,  so  that  this  compound  also  appears  to  undergo  no 
stereoisomerio  change  in  the  presence  of  sodium  ethoxide.  With  the 
object  of  confirming  this  result,  a  benzene  solution  containing  0*57 
gram  per  15  c.c.  of  solution  was  examined  in  a  2-dcm.  tube  at  25°. 
The  rotation  observed  was  + 10  08^,  whence  [a]^  + 132*6''.   One  hour 
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afier  the  addition  of  a  drop  of  piperidine  to  the  contents  of  the 
tabe,  the  obeerved  rotation  was  +101°;  the  rotation  twentj-four 
hoars  after  the  addition  of  the  base  could  not  be  aceorately  determined, 
owing  to  tno  separation  of  fine  needle-shaped  crystals  of  piperidine 
hydrobromide;  however^  no  Toy  marked  change  in  the  rotntoiy 
power  could  be  detected. 

The  fact  that  the  addition  of  alkali  to  the  eolation  had  no  effect 
on  the  optical  rotatory  power  seemed  to  sapport  the  socgeetaon  that 
this  compoand  is  an  a -bromo-a*methylcampbor ;  in  otoer  words,  a 
stereoisomeride  of  the  compoand  melting  at  62*5^.  Farther  inTCstiga- 
tion,  however,  proved  this  to  be  incorrect. 

Aciion  qf  PatMsium  Permanganate  and  citric  Acid  on  Uie  laomerie 
Monobromo-derivatives  of  a-McUiylcamphoi', 

The  two  isomerides  were  treated  under  exactly  identical  conditions 
with  equal  volames  of  an  aqaeous  solution  of  potassiam  permanganate  ; 
althoagh  both  remained  practically  nnaffected  by  this  agent  even 
after  very  prolonged  heating,  nevertheless  it  was  observed  that  the 
colour  of  the  permanganate  was  discharged  quicker  and  more  bromide 
was  found  in  solution  in  the  case  of  the  isomeride  melting  at  €5—66^ 
than  in  that  melting  at  62'5^. 

A  still  greater  difference  was  observed  in  the  behaviour  off  these 
substances  towards  concentrated  nitric  acid  (sp.  gr.  1*42).  When  the 
isomeride  melting  at  62*5®  is  added  to  nitric  add  containing  in  suspen- 
sion some  finely-divided  silver  nitrate,  it  at  once  becomes  oily  and  almost 
immediately  a  dense,  yellow  precipitate  of  silver  bromide  appears  the 
quantity  of  which  increases  considerably  on  standing.  On  the  other  hand, 
the  isomeride  melting  at  G5— G6°  does  not  give  a  precipitate  of  silver 
bromide  when  similarly  treated  and  may  be  recovered  unchanged  even 
after  standing  some  days  in  contact  with  the  acid.  This  result  tends 
to  confirm  Minguin's  conclusions,  since  it  is  to  be  expc^cted  that 
a'-bromo-a-methylcamphor  melting  at  62 '5°  would  lose  bromine  more 
readily  than  tu- bromo-a-methylcamphor  melting  at  65 — 66°. 

A  yellow  oil  slightly  denser  than  water  was  obtained  by  steam 
distillation  from  the  product  of  the  interaction  of  a -bromo-a-methyl- 
camphor  and  nitric  acid  ;  as  the  quantity  was  small,  it  was  not  further 
investigated  ;  it  was  in  all  probability  an  a -niteo-a-metbylcamphor« 

AeUon     Bramim  on  th4  Jaomerides.    Preparation  qf  i»«-/H6remo<o> 

meik^Uamphor,  0^ffi^fiT{OBfir}0. 

When  a  mixture  in  equimolecular  proportions  of  the  compound  ^ 
melting  at  G5  —  66'^  and  bromine  is  heated  on  a  water-bath,  hydrogen 
bromide  is  evolved,  the  mixture  becoming  almost  colourless.  The 
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crude  substance  thus  obtained,  aCter  washing  with  dilute  sodium 
hydroxide  and  finally  with  water,  is  readily  puritied  by  crystallisation 
from  hot  aloohol»  from  which  solvent  it  is  obtained  in  long,  slender, 
colourleas,  silky  needles  melting  at  108 — 109^  The  oompouod  thus 
formed  is  »  dibromo-derivative  of  a-methylcamphor : 

01430  gftve  0*1663  AgBr.   Br  -  49*49. 

0*1604   „   01865  AgBr.   Br- 49*48. 

Cj^Hj^OBr,  requires  Br « 49*85  percent. 

When  similarly  treated  with  bromine,  the  isomeride  melting  at 
62*5°  remains  unattaeked  ;  there  is  therefore  little  doubt  that  this 
compound  is  a'-bromo  a-inethylcamphor,  whilst  the  isomeride  melting 
at  65 — 66°  is  (u-bromo-a-methylcamphor. 

That  the  above  dibromo-derivative  of  a-methylcamphor  is  un- 
doubtedly <nj-a'-dibromo-a-methylcamphor  follows  from  the  fact  that 
the  same  compound  is  produced  by  the  addition  of  bromine  to 
methylenecamphor.  When  the  latter  compound  is  mixed  with  the 
theoretical  quantity  of  bromine,  it  is  at  once  evident  that  interaction 
has  taken  plaoe,  since  heat  is  generated  and  the  colour  of  the  halogen 
slowly  disappears.  After  two  or  three  crystallisations  from  hot  spirit, 
the  product  melts  at  108°;  a  mixture  of  this  substance  with  that 
obtained  by  brominating  co-bromo-a-methylcamphor  melts  at  108°. 

<a-a'Dibromo-Qrm$th^lcampkor  is  only  moderately  solable  in  cold 
alcohol  or  light  petroleum  but  is  readily  so  in  bensene»  from  which  it 
eryftallises  in  stont^  colourless  prisms. 

For  the  determination  of  the  rotatory  power,  a  bensene  solution 
containing  0*715  gram  per  15  cc  of  solution  was  examined  in  a 
3-denu  tube  at  30?.  The  rotation  observed  was  +11*203%  whence 
[a]»+H7*5«. 

a-Melhylcci  mjthor  - ^-aulphonie  A  eid. 

This  acid  is  obtained  quite  readily  from  a-methylcamphor  by  the 
method  originaUy  described  by  Beychler  {BuiL  Soe,  eAtm.,  1898,  19, 
[ill],  120).  A  mixture  of  acetic  anhydride  and  sulphuric  add  is 
prepared  by  cautiously  adding  two  parts  by  weight  of  the  latter  com- 
pound to  four  parts  by  weight  of  the  former  and  to  the  mixture  is  added 
three  parts  of  a*methylcamphcr.  The  slightly  brown  solution,  after 
standing  several  days  in  the  cold,  deposits  large,  transparent  crystals 
of  the  solphonic  add ;  if,  however,  a  little  of  the  solid  add  be  added  to 
the  mixture  even  after  standing  only  twenty-four  hours,  a  copious 
separation  of  the  sulphonio  acid  at  once  takes  place.  When  no  more 
snlphonic  add  separates  out,  the  liquid  is  allowed  to  drain  away  from 
the  crystalline  mass,  which  is  then  washed  two  or  three  times  with 
small  quantities  of  glacial  acetic  acid  aud  tinally  purified  by  recrystal- 
lisation  from  hot  ethyl  acetate.    The  sulphonic  acid  remaiuing  in  the 
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aeid  mother-liquor  may  be  separated  by  boiling  the  diluted  mixttira 
sevwal  hours  with  animal  charcoal  until  practical  ly  the  whole  of  the 
acetic  acid  has  been  volatilised,  when  the  liquid  is  filtered  and 
neutralised  with  barium  carbonate.  The  barium  salt  separates  from 
the  filtered  solution  when  aufficientlj  cenoentrated  and  ia  best  purified 
by  reerystallisation  from  water. 

a-if0fAfleam|oAor-j8^l/iAeiiie  aM  erystolliees  from  hot  ethyl  aeetafte 
in  large,  transparent  prisms,  which  quickly  become  opeqne  when  re- 
moved from  the  adotion.  It  is  an  exceedingly  deliqueioent  snhetanoe^ 
which  melts  at  114 — 116^  bnt  ia  decomposed ;  it  dissolves  readily  in 
cold  water  and  hot  gladai  acetic  acid  or  ethyl  acetate.  The  ohseirved 
rotatory  power  of  an  aqueous  solution  containing  0*7608  gram  per 
15  ce.  of  solution  in  a  2-dem.  tube  at  20^  was  -t>l*897^  whence 

[a]i^  +18-7° 

Barium  a-maihyleainphor-p  aulphonaie^  (Oj^Hj>O^S)2Ba,6H20,  crystal- 
lises from  hot  aqueous  solutions  of  suitable  concentration  in  large, 
stout,  transparent,  hexagonal  plates,  which  melt  in  their  water  of 
crystalliBation  at  66°.  The  salt  parts  with  the  whole  of  it«  water  of 
crystallisation  when  kept  in  a  desiccator  over  concentrated  sulphuric 
acid  for  two  or  three  days : 

0-5740  gave  0  1770  BaSO,.  Ba  =  18-15.  0-4950  gaveO'1536  BaSO^. 
Ba=  18-26.    0-5628  gave  0-1740  BaSO^.  Ba=18-20. 

0-4260  lost  0-0626  H,0.  .  H,0  =  14-69.  0  5982  lost  O'OSdd  H,0. 
H^0  =  14-86.    0-4954  lost  00750  H2O.    H20=  16-13. 

(0„H,^«8),Ba,6H|0  requires  Ba- 18*68 ;  H^O- 14*69  per  cent. 

Thepokmmm  salt  coold  not  be  obtained  in  a  cryatalline  form ;  an 
aqueous  solution  evaporated  on  a  water-bath  leaves  a  somewhat  geUttin- 
ous  residue,  which  becomes  quite  hard  and.  brittle  on  standing  a  few 
days  in  a  vacuum  desiccator  over  snlphuric  acid. 

a-Methylcamphor-fi-sulphonyl  ehloride,  Ci^Hj^O'SOjCI,  is  prepared  by 
rubbing  together  phosphorus  pentachloride  and  a  slight  excess  of  the 
anhydrous  {>otassium  sulphonate.  The  semi-solid  mixture  ia  allowed 
to  stand  for  two  or  three  hours  and  then  poured  on  to,  and  intimately 
ground  up  with,  a  large  quantity  of  finely-powdered  ice,  after  which  the 
solid  sulphonyl  chloride  is  collected,  washed  well  with  ice-water,  and 
dried  in  a  vacuum  desiccator.  The  crude  substance  is  purified  by 
crystallisation  from  light  petroleum  at  temperatures  below  10°; 

0-1972  gave  0  1054  AgCl.  01-18-20. 
0*3366    n   01798  AgCl.  01-1319. 

OuHiyOgCnS  lequirss  01-13*89  per  cent 

The  sulphonyl  chloride  crystallises  in  transparent,  prismatic  needles, 
wWoh  melt  at  33^;  it  is  a  fairly  stable  substance  which  ia  readily  dia- 
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solved  by  most  organic  solvents.  The  observed  rotation  of  a  5  per  cent. 
Bolution  in  benzene  in  a  2-dcm.  tube  was  +2-95°,  whence  [a]^  +29*5°. 

a-Melhylcamphor-^-mlphonamide,  C,jH^.yO'S02'NHj,  is  obtained  when 
the  sulphonyl  chloride  is  treated  with  a  concentrated  aqueous  solution 
of  ammonia.  To  separate  it  from  any  anhydramide  which  may 
possibly  be  formed  at  the  same  time,  it  was  crystalliBed  twice  from  hot 
water — in  which  the  anhydramide  is  only  very  sparingly  soluble — and 
finally  from  oiUmt  liot  alcohol  or  benseno: 

0*2373  gave  11*65  o.a     (dry)  at  12*5<' and  756   mm.  N-5*86. 

0*1898   n     9*95  „  13'5<'  n  749*2  mm.  N-5-80. 

C||H^90,N8  requires  Na-5'72  per  oeni. 

The  sulphonamlde  erystallises  from  hot  water  in  long,  silky  needles, 
and  from  hot  alcohol  in  transparent  prisms,  which  melt  at  150^. 

Unlike  camphor-/3-sulphonamide,  it  does  not  lose  water  when  heated 

above  its  molting  point  and  may  even  be  heated  to  200°  without 
undergoing  decomposition. 
The  observed  rotation  effected  by  a  chloroform  solution  containing 

0*376  gram  per  15  c.c  of  solution  in  a  2-dcm.  tube  at  20°  was  ~  0'316''| 
whence  [a  j£  -6*3°. 

a'Mtikffiemiphior*fi^lphomm^  was  first  observed  by 

Lowry  (Trans,  1902, 81,  1448),  oamphor-/9«olphonamide  when  covered 
with  a  ooocentrated  sdation  of  hydrogen  chloride  quickly  dissolves  and 
in  a  few  minutes  the  anlqrdramide  separates  from  the  solution.  The 
behaviour  of  apmethyloamphor-jS-sulphonamide  towards  the  acid  is 
somewhat  similar,  although  in  this  case  it  is  neoee^ary  to  heat  the  add 
in  order  to  dissolve  the  sulphonamtde. 

The  anhydramide  separates  very  slowly  from  the  solution  so  ob- 
tained on  standing  : 

0-1918  gave  10  c.c.  N,  (dry)  at  17°  and  754  2  mm.    N  =  6-11. 
0*1900   „    101  c.c.     „     „  15°  „  746    mm.    N  =  6-20. 
CjiHj^OjNiS  requires  N  =  6'16  per  cent. 

The  anhydramide  is  practically  insoluble  in  cold  water  and  alcohol, 
sparingly  soluble  in  hot  alcohol.  It  separates  from  a  solution  in  hot 
alcohol  as  a  fine  crystalline  powder,  which  melts  at  167 'S**. 

fi-Brvmiihai-mtAijfUmnf^  0|jH|yOBr,  is  formed  when  a-methyl- 
camphor-j8-sulphonyl  bromide  is  hejated,  sulphur  dioxide  being  simul- 
taneously evolved.  The  nAphumji^  drsniMb,  prepared  by  the  interaction 
of  phosphorus  pentabromide  |Ad  the  anhydrous  potassium  sulphonate^ 
could  not  be  obtained  in  the  solid  state,  so  the  oily  substuuse  was 
dissolved  in  dry  xylene  and  the  solution  boiled  in  a  flask,  fitted  with 
a  reflux  condenser,  for  about  twelve  hours.  At  the  end  of  this  period, 
sulphur  dioxide  had  ceased  to  be  evolved,  so  the  rsenlting  solution 
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of  )3-bromo>a-metbylcamphor  was  submitted  to  fraetional  steam  dis- 
tilUtion.  At  first,  practically  only  xylene  passed  orer  with  the  water 
yaponr  bot  towards  the  end  of  the  distillation  mi  oil  penned  over 
which  wee  heavier  than  water.  On  standing,  traces  of  xylene  present 
in  the  oil  eyaporated  off  and  left  a  solid  which  cfystaUiaed  from 
dilate  alcohol  in  silky  needles  melting  at  55^ : 

0*1180  gave  0*0908  AgBr.  Br-82-74. 

Cj^H^^OBr  requires  Br »  83*65  per  cent. 

The  observed  rotation  effected  by  an  ethyl  alcoholic  solution  con- 
tdining  0*2586  gram  per  15  c.c.  of  solution  in  a  2-dcm.  tube  at  25** 
was  +0-65^,  whence  [a]D  +  18'8°  The  specific  rotatory  power 
twenty-four  hours  after  the  addition  of  sodium  ethoxide  to  render  the 
solution  approximately  iV/lOO  was  [ajo -H  18'0°  It  is  therefore 
evident  that  /3-bromo-a-motbylcamphor  is  not  converted  into  /3-bromo- 
a'-methylcamphor  under  the  influence  of  sodium  ethoxide.  /3-Bromo- 
a-melhylcamphor  is  extremely  solable  in  the  common  organic  solvents. 

a-Methylcamphor  yields  an  oximo  but  not  quite  so  readily  as 
camphor.  It  may  be  prepared  as  follows  :  A  solution  of  20  grams  of 
hydroxylamine  hydrochloride  in  an  equal  weight  of  hot  water  is  added 
to  a  solution  of  11  grams  of  a-methylcamphor  in  150  c.c.  of  alcohol 
and  to  the  mixture  is  added  12  grams  of  finely-powdered  potassium 
carbonate.  The  mixture  is  kept  at  the  ordinary  temperature  for  a  day, 
then  heated  to  boiling  and  again  kept  at  the  ordinary  tempei"atnre  for 
several  days,  after  which  it  is  diluted  considerably  with  water  and  the 
viscid  oil  which  separates  submitted  to  fractional  steam  distillation. 
At  firstf  an  oil  passes  over  with  the  water  vapour  but  after  some  time 
a  very  viscid  oil  distils  over,  which  solidides  very  slowly  on  standing. 
This  crude  material  is  purified  with  some  difficulty  by  repeated  cry  stal- 
liaation  from  dilate  alcohol  (1 :  1),  from  which  it  separates  in  crystals 
resembling  ammonium  chloride ;  from  more  dilate  alcohol,  it  mystallisee 
in  longy  slender  needlee  melting  at  56° : 

0-2002  gave  13*65  cc     (diy)  at  23<*  and  745  mm. 

01506   „   10-3  cc.  „  W  n  753  mm.  K«7*94. 

CijHjgON  requires  N«-7'73  per  cent^ 

a-Methylcamphoroxirm  possesses  a  .strong  camphor-like  odoor,  IS 
extremely  soluble  in  all  common  organic  solvents,  but  unlike  camphor- 
oxime,  it  does  not  dissolve  in  aqueous  alkalis. 

The  specific  rotatory  power  was  determined  in  99*5  {>er  cent,  ethyl- 
alcoholic  solution.  The  values  obtained  were  [a]"  +30  3°  (5  grams 
per  100  cc  of  solution)  and  [a^  +32  0^  (2*5  grams  per  100  cc.  of 
solution). 
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The  Hydrochloride. — When  dry  hydrogen  chloride  is  passed  into  a 
solution  of  the  oxime  in  dry  ether,  a  copious  precipitate  of  the  hydro- 
chloride  is  obtained  in  eilky  needles.  It  melts  but  undergoes  decom- 
position at  138°  and  is  hydrolysed  by  water  : 

0-1693  required  7  45  c.c.  of  NjlO  KOH.    HOI- 16-06. 

OjiHiqONOI  requires  HOI  - 16*75  per  cent. 

a-Methylcatnphoroxime  disBolyea  in  warm  dilute  solphuric  acid, 
forming  a  dear  solution,  Trhioh,  however,  when  heated  to  boiling, 
quiekly  becomes  turbid,  owing  to  the  aeparation  of  a  pleasant  smeUing 
oil.  This  was  separated  from  the  dilute  add  by  steam  distillation, 
dried  and  fractionally  distilled.  The  principal  fraction,  which  passes 
over  between  226°  and  228°,  is  a  colourless  oil  possessing  a  somewhat 
peppermint-like  odour.  From  its  mode  of  formation,  it  is  in  all 
probability  methylcampholenonitrile^  produced  by  the  dehydration  of  the 
oxime  by  the  dilute  sulphuric  acid,  since,  when  boiled  with  alcoholic 
potash,  ammonia  is  slowly  evolved.  The  acid  formed  by  the  hydrolysis 
of  the  nitrile  has  not  yet  been  investigated. 

In  conclusion,  the  author  desires  to  express  his  thanks  to  Professor 
II.  K.  Armstrong  for  suggesting  this  work,  and  for  the  valuable  advice 
be  has  given  him  in  carrying  it  out. 

OBBMIOAL  DSFABrMIHT,  CiTT  AND  GUITDS  OF  LONDON  INSTITUTI, 

OiNTBAL  TXOUNICAL  COLLBGI. 


CXXIV. —  Viscosity  Determinations  at  High 

Temperatures. 

By  Cqa&les  Edward  Fawsitt. 

Tu  experimental  determination  of  the  viscosity  of  liquids  at  high 
temperatures  constitutes  ratber  a  difficult  problem.  That  this  suhject 
should  have  been  so  much  avoided  hitherto  is  to  be  regretted,  as, 
apart  from  the  stoioheiometrical  relations  involved,  the  bearing  of  this 
property  on  crystallisation  deserves  dose  examination.  In  the  present 
communication  the  results  from  the  examination  of  some  fused  salts 
and  metals  are  submitted. 

A  few  determinations  of  viscosity  at  high  temperatures  have  already 
been  carried  out.  Koch  {Wied.  Annalen,  1881,  14,  1)  has  determined 
the  viscosity  of  mercury  over  a  large  range  of  temperature.  Beck 
{Zeit8ch.  physikal.  Chem.,  1907,  58,  425)  has  determined  the  viscosity 
of  mercuric  bromide  and  iodide.  Lorenz  and  Kalmus  (Zeitsch. 
phyiikcU.  Clitm,,  1907|  59,  244)  have,  determined  the  viscosity  of  five 
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fused  i^alts.  Goodwio  and  Mailey  {Phys.  Review^  1908,  26,  28)  have 
worked  on  the  viscosity  of  a  number  of  nitrates,  and  have  also  deter- 
mined their  electrical  conductivities.  All  these  results  are  confined  to 
temperatures  below  600^,  and  the  experimenters  were  able  to  use  the 
oapillarj  method  io  all  cases.  Some  mteresting  measurements  at 
higher  temperatures  have  been  made  on  silicates  by  Doelter 
(Sitzungaber,  K.  Akad.  Wwn,  1905,  114,  529),  and  Arndt  (ZeUtck, 
SMtrochem.y  ld07,  13,  578)  has  determined  the  viscosity  of  sodium 
metaphosphate  and  boric  anhydride.  The  two  last-named  ezperi- 
meatcn  have  worked  with  liquids  of  very  high  visoosiiy,  and  their 
methode  of  experiment  are  of  no  use  for  the  determination  of  the 
viscosity  of  f  uaed  metals  or  of  the  majority  of  salts,  as  these  have  » 
relatively  low  viscosity. 

Mtihod, — ^In  a  communication  recently  pnhliehed  (Ptoo,  Ba^,  Soe., 
1908,  80,  A,  290)  the  author  has  given  a  general  description  of  a 
method  devised  more  especially  for  the  determination  of  the  vieooei^ 
of  fused  metals  and  salts.  In  this  method  a  small  disk  of  iron, 
platinum,  or  flreelay  is  allowed  to  osdUate  torsionally  in  the  liquid, 
the  viscosity  of  which  is  to  be  determined.  From  the  observations  it 
is  possible  to  calculate  the  logarithmic  decrement  of  the  amplitude, 
and  from  this  the  viscosity  of  the  liquid,  provided  its  density  is  known. 
The  apparatus  is  standardised  in  three  liquids  of  known  viscosity  and 
density.  Having  standardised  the  apparatus,  it  is  advisable  to  test  it 
in  a  further  number  of  liquids  of  known  viscosity  in  order  to  find  what 
degree  of  accuracy  is  obtainable.  It  was  found  that  with  a  disk  of 
26 — 29  mm.  diameter,  the  accuracy  obtainable  could  be  taken  &a 
±  2  per  cent.  In  using  the  disk  at  high  temperatures,  a  small 
correction  for  its  expansion  is  made.  The  disk  is  att€M:hed  at  ite 
centre  to  a  thin  rod,  which  at  its  upper  end  is  attached  to  a  copper 
suspension  wire.  The  wire  used  in  these  experiments  was  about  one 
metre  long,  and  the  period  of  oscillation  of  the  apparatus  about 
eight  seconds.  The  period  was  practically  identical  in  all  the  liquids 
examined.  The  apparatus  was  first  of  all  allowed  to  swing  in  air  and 
the  logarithmic  decrement  noted.  It  was  then  allowed  to  swing  in  the 
three  standardising  liquids.  Theee  should  be  chosni  so  that  one  at 
least  of  them  has  a  viscosity  and  density  near  to  the  viscosity  and 
density  of  the  liquid,  the  tisoosity  of  which  is  to  be  determined. 
When  working  with  salts,  the  three  liquids  used  were  water,  ehloffo> 
•  form,  and  fused  sodium  nitrate.  When  working  with  metals,  mereary« 
chloroform,  and  tfobutyl  alcohol  were  taken. 

Whilst  iiluB  method  appears  at  first  sight  to  have  great  simplioity, 
its  application  is  nevertheless  attended  with  some  diffieuHies.  The 
difficulties  are  due  to  errors  caused  by  impurities  on  the  surface  of  the 
liquid.    When  the  disk  is  allowed  to  sink  into  the  liquid,  the  only 


Digitized  by  Google 


AT  mail  T£MPEBATUKii;S. 


1301 


part  of  the  apparatus  which  comes  in  contact  with  the  surface  is  the 
relatively  thin  stem.  The  diameter  of  the  stem  was  2  mm.,  ami  it 
niipht  be  imagined  that  the  impeding  action  of  any  surface  impurity 
on  this  would  be  so  slight  as  to  be  negligible.  That  is,  however,  not 
bo;  the  surface  of  any  liquid,  and  more  especially  the  surface  of  a 
metal  (even  if  noo-oxidiaable),  is  liable  to  have  its  surface  skin  randerod 
very  viscous,  although  no  visible  impurity  is  present.  The  canse  of 
this  is  undoubtedly  the  presence  of  some  dust  or  dirt  in  an  amount 
too  small  to  be  visible.  The  errors  caused  by  such  impurities  easily 
amount  to  10  per  cent.  When  any  visible  impurity  is  present  on  the 
surface,  experiment  is  hopeless.  When  every  care  is  taken  to  prepare 
merenry  pure  and  clean,  the  surface  skin  is  not  any  more  viaeonsthan 
any  layer  in  the  interior.  But  if  it  be  allowed  simply  to  stand,  it  will 
soon  become  much  more  viscous.  The  most  satisfoustoiy  method  of 
experiment  with  mercury  or  any  other  metal  is  to  cover  the  surface 
with  another  liquid.  In  the  ease  of  mercury,  it  wUl  be  found  that  a 
thin  layer  of  very  dilute  nitric  acid  keeps  the  surface  in  good  con- 
dition. Below  270°  (molten  tin),  it  is  possible  to  get  a  good,  dean 
surface  by  covering  with  melted  resin.  From  270^  upwards  for  about 
two  hundred  degrees,  a  cover  of  zinc  and  ammonium  chlorides  answers 
well.  At  higher  tem|)er.itui es,  the  only  cover  which  gave  any  results 
was  borax.  Attempts  were  mado  to  ktep  the  surface  of  ox i disable 
metals  clean  by  filtering  them  and  then  keeping  them  in  an  atmo- 
sphere of  carbon  dioxide  ;  in  all  cases,  however,  a  very  small  amount 
of  oxygen  leaked  in,  and  tills  sufficed  to  8|>oil  the  results.  It  is 
undoubtedly  best  to  use  a  cover  of  .some  kind. 

In  the  experiments  with  both  mctaU  and  salts,  u  large  number  of 
observations  were  niide  at  each  temperature  ;^'ivcii.  As  all  the 
errors  are  in  the  direction  of  producing  results  that  are  too  high,  the 
lowest  results  have  always  been  considered  the  correct  ones,  and  tho 
numbers  for  vi«cosity  given  here  are  the  lowest  results  obtained  in 
each  case. 

The  experiments  give  the  logarithmic  decrement  of  tho  amplitude, 
and  from  this  the  viscosity  is  obtained  by  the  formula 

where  X  is  the  logarithmic  decrement  for  the  liquid  experim'Jiited  on, 

Aq  is  the  logarithmic  decrement  for  air, 

II  is  the  viscosity  of  the  liquid,  and  d  its  density. 

are  constants,  and  are  obtained  by  experimetiting  with 
liquids  of  known  viscosity. 

The  calculations  thus  involve  tlie  solution  of  thrte  (linear)  simul- 
taneous equations  and  the  sui^setjuent  solutijii  of  a  i^nadratio 
equation* 
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Tho  numbers  in  the  density  column  were  obtained  in  the  case  of  the 
metals  and  sodium  chloride  from  Landoltland  Bornstein's  Tabellen 
(1905).  The  other  numbers  were  obtained  by  experiment.  The 
method  used  was  that  of  sinking  a  ball  of  platinum  in  the  fused  liquid 
and  noting  the  consequent  loss  of  weight.  Temperature  was  mea- 
sured by  a  platinum  and  piatinam-rhodiiun  thermo-ooaple  connected  to 
a  Siemeos-Halske  galvanometer.  The  readings  may  be  taken  as 
oOrreet  to  ±  5^  The  yisoosities  are  gifen  in  abiolate  (O1Q.B.)  nnits. 

ViicoHty  Measuremmls  on  Fused  SalU. 

Hiase  meaflnrsmente  wore  carried  out  partly  from  the  interest  whieh 
attaofaes  to  them  on  their  own  aoeoanti  bat  also  beeanse  it  was  toler- 
ably certain  that  in  the  case  of  ▼isoositj,  as  with  other  properties 
relations  obtainable  with  fused  salts  would  have  their  patfaUel  in  the 
case  of  metals.  The  following  salts  were  etamined  more  partioularly : 
sodium  and  potassium  nitrates^  sodium,  potsssium,  and  lithium  chlor- 
ides, and  sodium  and  potassium  bromides ;  also  mizturca  of  sodium 
nitrate  and  potassium  nitrate.  The  results  are  contained  in  -the 
following  tables : 


TxfiLK  I. 

f 

Table  II. 

Sodium  NiiraU ;  m.  p. 

308*^. 

rokuaium  NUraU',  m.  p.  339®. 

Temperature. 

Peiiaity. 

Viscosity, 

Ten>i»erattiro. 

DtMisity. 

Viscosity. 

324" 

1  -Wi 

0  0271 

34r 

1  -863 

0  0267 

333 

1-899 

0  0256 

362 

1-850 

0^240 

358 

1'887 

0-0236 

883 

1  838 

0-0225 

303 

1*860 

0*0200 

.T.J  7 

1*824 

0-0214 

407 

1*81£ 

0-oaoo 

Table  III. 

Table  IV. 

Sodium  Chhride;  m.  p.  822<^. 

Pokutium  Chloride ;  m. 

p.  1W, 

T^roperatiin. 

Density. 

Viscosity. 

Temperature. 

Donmty. 

Vi<icasity. 

841° 

1  r.^'O 

0*0180 

700' 

1  520 

0  0 142 

.sno 

1  wio 

OOl'iO 

1  -490 

0  01*21 

ibm 

00101 

920 

1-438 

0*0099 

924 

1*486 

0*0097 

1036 

1*370 

0-0071 

Taule  Y. 

Table  VI. 

tSodhtm  Bromide  ;  m.  p 

Poiaasium 

p.  744^. 

Tt'iii)Kiutar©. 

Dfiihity. 

Viikosity. 

Tein|"  r.iture. 

1>.  ii>it  v.. 

Vi-Kusity. 

2-324' 

00142' 

21 10 

0  0148 

769 

2*316 

0*0135 

776 

2*087 

0*0134 

2*808 

00128 

8or, 

2*063 

0  0110 

2-220 

0  0109 

2-023 

0  0105 
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Table  VII. 
LiUdum  Chl&Hde ;  m.  p.  605^. 


Tempenture. 
(Jir 

645 
675 
742 
766 


Density. 
1*475 
1-462 
1-450 
1-426 
1-417 


Viscosity, 
0*0181 
00164 
00149 
0*0125 
0-0114 


Tho  results  for  sodium  nitrate,  potassium  anJ  lithium  chlorides,  aud 
potassium  bromide  are  plotted  in  i^'ig.  1.    IC  the  salts  are  compared 


Vw.  1. 


0  OJ 


0  02 


O'Ol 


TrntfenUnre, 

at  temperatures  20^  above  the  respective  melting  points,  the  following 
results  are  obtained : 

*    Tablb  VIII. 


Sutmtance. 


Temperature. 


NaNOj   328^ 

KNO,    359 

NaCl    842 

KOI   802 

Nril'.r    777 

Kill    764 

Litl   G25 


Viscosity. 

0  0261] 
0  0251 
0012S 
0-0133 

0  0130 
00137 
0017G 


The  first  thing  noUoeftble  aboat  these  resnltB  is  that  the  snhetances 
have  a  relatmly  small  viscosity;  the  viscosity  of  water  at  20^ 
0*0102.  Secondly,  it  will  b©  noticed  that  the  viscosities  of  the  potass- 
ium and  sodium  salts  aro  nearly  tlio  same  in  each  aiso.  Tho  lithium 
salt  is  noticeably  more  vihcous  th:ui  the  corresponding^  potassium  salt. 
Ooodwiu  and  Mailey  (loc.  cit.)  found  that  lithium  nitrate  was  more 
viscous  than  potassium  nitrate,  Homo  other  salts  were  examined 
besides  those  reported.    Zinc  chloride  and  borax,  for  example,  were 

4  B  2 
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found  to  be  yery  visoouB,  of  the  same  order  of  yiBOOfiity  as  rape  oil. 
Tbeae,  however,  are  undoubtedly  exceptional ;  and  it  appears  that  the 
majority,  of  fused  salts  have  a  small  viscosity. 


MixtwTM  0/ Salts. 

jMixtiires  uf  8o<liuui  aiul  potassium  nitrates  were  examined,  and  the 
observatioivs  in  all  cases  were  continued  to  as  near  the  melting  j>oint 
as  i>ossibIe.  The  pro|>ortions  ia  the  mixturea  are  expressed  in  per- 
centage by  weight. 


Table  IX. 

t^n  lium  Nitrate  (80)  a?wi  Potasi- 
ium  NitraU  (20) ;  m.  p.  278° 

Tunpentnra.  Density.  Viscosity. 

278'  1-930  00:125 

328  1-894  0-0248 

S44  1-884  0*0234 

373  1-864  0-0217 


Tabli  X. 


Sodium  Niirale  (60)  and  PoiasM- 
ium  Nik-ale  (40; ;  m.  p.  240^ 


jK-ratuiv. 

Density. 

Viscosity. 

262" 

1-938 

0  0M\^ 

2?($ 

1-928 

0  0324 

318 

1-897  ^. 

0-0247 

332 

1-883 

0-028^ 

Table  XI. 

Sodium  Nitrate  (45*5)  ami  Potass- 
ium NiiraU  (54-5)  ;  m.  p.  224°. 


Tciiifioniuro.   Density.  Viaeosity. 

229°  i-9«^3  0  0470 

2:',(j  r9r»7  0-0446 

2r.9  1-934  0  0334 

286  1*920  0*0296 

291  l-OH  00287 

309  1-902  0-0286 

:{3l  1'8S4  0  0247 

346  1*873  0*0238 


Tahle  XU. 

Sodium  Nitrate  (35)  and  Potiut^ 
ium  Nitrate  (65)  ;  ni.  p.  2-i7". 

TeniiKM-nturc.    Deu^ity.  Vist-osity. 

245'  1  943  0  0423 

253  1-936  0*0405 

289  1  -907  0-0806 

340  1  8;0  0-0246 

Tablk  XIII. 

Sodium  NUraU  (14)  and  PoUmmb- 
ium  NitraU  (76)  ;  m.  p.  263<*. 

TemperatuK.   Deinaty.  Viacoafity. 

276"  1-920  0  0:i:',8 

3-26  1-880  0-0269 

335  1*873  0  0242 


The  nu'kiiii;  {)oiiit  curve  for  mixtures  of  sodium  and  poUusbiiuu 
iiiliates  ha.s  alieady  btcn  studied  by  Carvetli  {J.  PUifsiad  Vliem.^  1898, 
2,  20*J),  and  the  eutectio  point  was  found  to  exist  at  the  eorap<^ition 
45-5  per  cent,  of  sodium  nitrate  and  54  5  per  cent,  of  potassium 
titrate.  If  the  viscosities  of  the  mixtures  at  temperatures  20°  above 
the  melting  points  are  taken  for  comparisoo,  the  foUowiog  numbers 
are  obt^inei : 


Digitized  by  Go 


AT  HIGH  TEMPEKATUKES. 


1305 


Table  XIV. 


rorn post! ion  jn  r  cent. 


KNO3. 

Teoipentiirs. 
828* 

Viaoosity. 

100 

0 

0-0262 

80 

20 

298 

0  02S7 

60 

40 

280 

00370 

45*5 

54-5 

244 

0*0410 

85 

65 

257 

o-o;5S7 

24 

76 

283 

o-o;i2-J 

0 

100 

359 

0  0250 

These  TOSuItH  are  shovrn  graphically  in  Fig.  2. 

'J'hcro  is  a  distinct  maximum  at  the  eompositton  reproFented  by  the 

f  utcctic  mixturo. 

it  is  also  of  interest  here  to  consider  the  viscosities  at  temperatures 


Fio.  2. 


100%NaNO,     20  40     50     60  80     100%  KNO, 


lioearly  situated  between  308^  and  339%  the  melting  points  of  the 
(pure)  components.    As  the  yiscosities  of  sodium  nitrate  and  potassium 

nitrate  at  their  meltinf]^  points  are  almost  the  same,  it  might  be  ex- 
j>ected  that  the  viscosities  of  all  the  mixtures  would  also  bo  the  shitic 
if  compared  at  temperatures  linearly  situated  between  the  melting 
points  of  the  components. 

Table  XV. 

Composition  per  cent. 
/  *  ■»  , 

NaNOj.  KNO9.        Tempemtiire.  Viaoomty. 


100 

0 

308* 

0  02OG 

so 

20 

314 

0  026<) 

60 

40 

320 

0-0244 

45*5 

54*5 

324 

0-0252 

35 

65 

327 

0-0255 

24 

76 

831 

0  0250 

0 

100 

389 

0-0883 

Digitized  by  Google 


1306 


FAVVSITT  :    VISCOSITY  DETERMINA HONS 


There  is  a  distinct  decrease  in  the  viscosity  when  the  two  salts  are 

mixed.  The  fall  is  probably  connected  with  a  change  in  the  tiit^M^cia- 
tiun  caused  hy  the  mixing  of  the  salts. 

« 

TUe  Varialim  of  Vuooiiijf  vnlk  Temp&raiur€, 

Tlie  viscosity  of  a  salt  diminishes  ^vith  rising  temperature  ;  tho 
change  is  more  rapid  at  first  than  afterwards.  Comparing  different 
salts,  it  will  be  noticed  that  those  which  have  the  greater  viscosity  at 
their  melting  points  are  also  those  w)io-o  viscosity  falls  most  rapidly 
with  rising  temperature.  This  matter  may  be  best  discussed  by 
considering  in  each  case  the  fall  of  viscosity  for  equal  intervals  of 
temperature  measured  from  the  melting  point,  or  a  temperatmB 
equally  distant  from  the  melting  point.  Take,  for  example,  in  each 
case,  the  viscosity  at  20°  and  at  70"^  above  the  melting  point ;  let  these 
be  denoted  by  fi^  and.       respeotively ;  let  fi«  be  the  avermge 

vificosity  throughout  the  interval.  Then  ^^^^ »  which  is  pro- 
portional to  the  temperature  coefficient^  should  be  a  comparable 
function  for  different  salts. 

,  In  the  following  table,  the  values  of  -^^^^^  for  a  number  of  the 

substances  are  given,  also  the  quotients  of  this  function  by 

Tablb  XYI. 


SubstAUCO.  fin-  M«  (f>«l* 

KNO3   0  0226  0-212  ••4 

WaNOj    00236  0-220  9-8 

45  .^i  /  NaNO,  and  64-5% 

KNOj   0-0345  0-377  10  9 

KUl   0  0125  0  128  10  3 

KBr   0012G  0-143  11-8 

liCl   001C2  Om  107 


Tl)e  numbers  in  the  last  column  are  remarkably  dose  to  each  other, 
thus  showing  that  for  these  substances  the  temperature  coefficient  of 
the  viscosity  of  a  salt  is  very  nearly  prqportiona]  to  its  viseosity. 

The  Viicoaiijf  0/  MeiaU, 

Experiments  were  tried  with  copper,  zinc,  lead,  tin,  bismath, 
cadmium,  and  mercury.  It  was  found  that  the  viscosity  values  were 
much  lower  than  had  been  expected.  IMetals  are,  in  fact,  of  the  same 
order  of  viscosity  as  the  salts  just  examined.  Considerable  ditHculty 
has  so  fai*  been  experienced  iu  obtaining  trustworthy  numbers  fur  the 
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metals,  aod  in  the  meantime  the  only  figures  given  are  such  as  could 
easily  be  repeated  with  the  same  result.  These  numbers  were  obtained 
from  mercury,  tin,  lead,  bismuth. 

Tak.1  XVII. 


Subituuce.  Temperature.     Density,  Viscosity. 

Hnoury                               66*  13*43  O'OISS 

95  13*80-  00124 

133  18-27  0  0116 

216  1308  0-0106 

Tin  (m.  p.  SSS*)                    284  7*00  0*0275 

267  6*08  0  01'-.'^ 

LcaU  (m.  p.  327°)                   830  10*66  0  0320 

847  10-63  0-0^93 

*Biamnth(in.  pbS70*)              860  0*91  0*0167 


If  these  metals  are  compared  at  temperatures  equally  above  their 
melting  points,  it  is  seen  that  lead  is  more  viscous  than  tin,  tin  than 
bismuth,  and  bismuth  than  mercury.  But  they  are  closer  to  one 
another  than  would  probably  have  been  anticipated. 

An  important  fact  which  has  been  noticed  is  that  the  viscosity  of  a 
metal  does  not  increase  in  any  abrupt  manner  as  the  temperature  is 
lowered  until  it  is  actually  solid.  In  many  cases  experiments  were 
carried  out  with  the  metal  in  the  crucible  half  Bolidified  (round  the 
sides),  and  no  difference  in  viscosity  could  bo  detected  between  tliis 
teuiperaturo  aud  a  temperature  a  fow  degrees  above  this  when  all 
was  fluid, 

Coiicluaiona, 

1.  The  viscosity  of  many  salts  and  metals  is  relatively  small,  being 
only  a  few  times  that  of  water, 

2.  The  visoositieB  of  sodium  and  potassium  salts  of  the  same  add 
are  nearly  the  same. 

S.  Visoosity  diminishes  with  rising  temperature.  The  temperature 
coeflkientB  for  the  salts  examined  vary  directly  as  their  viscosittes. 

4.  A  eutectio  mixture  at  its  melting  point  has  a  greater  viscosity 
than  the  components  have  at  their  melting' points. 

I  am  much  indebted  to  the  Carnegie  Trust  for  the  Scottish  XTniver- 

sities  and  to  the  Chemical  Society  for  grants  in  aid  of  this  research. 

TiiK  Univeusitt, 
Glasgow. 
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CXXV. — TIhe  Formafion  of  Pi^hj iodides  in  Nifrohcnzene 
Solution.    Part  IIL   The  Chemical  Dissociation  of 

the  Polyiodides  oj  the  Alkali  Metah  and  Ainnwniuta 
Radicles, 

By  Harbt  Medfoutq  Dawson. 

Ih  a  previous  paper  (Part  I,  Dawaon  and  Qawler,  Trans.,  1902,  81, 
524)  it  lias  been  shown  that  potassium  iodide  is  readily  soluble  in 
nitrobencene  in  presence  of  iodine.   Solubility  metsuremente  indi> 

cated  that  dilute  solutions,  saturated  with  potassium  iodidot  contain 

one  mol.  of  iodide  per  mol.  of  iodine,  whereas  solutions  saturated  with 
iodine  contain  four  niols.  of  iodine  per  uiol.  of  iodiile.  It  is  evident  that 
the  conditions  olitaining  in  tlie  two  series  of  experiments — saturation 
with  respect  to  iodide  in  tlio  one  ca^^e  and  with  respect  to  iodine  in  the 
other — are  8ucii  might  be  ex|>ected  to  yield  information  relative  to 
the  lowest  and  highest  types  of  polyiodides  respectively,  and  the 
experimontnl  data  led  the  uuthors  to  conclude  that  the  chief 
constituents  of  the  two  series  of  solutions  are  the  tri-iodide  and  the 
enuea-iodide. 

Dawson  and  Goodson  (Part  II,  Trans.,  1904,  85,  796)  have  shown 
that  polyiodides  of  these  types  are  also  formed  in  nitrobenzene  under 
the  same  conditions  by  the  other  alkali  metals,  the  alkaline  earth 
metals,  and  by  ammonium  and  the  substituted  ammonium  radicles. 
That  polyiodides  of  the  types  MI,  and  ^11^  are  also  formed  in  certain 
other  solvents  has  been  shown  to  be  probable  (IHwson,  Traoa.,  1904» 
85^  iA7),  although,  in  general,  the  polyiodides  are  not  eo  sharply 
defined  in  theee'solutions  as  they  are  when  nitrohensene  is  the  solvent. 
Several  factors  contribute  to  this  circumstance,  so  far  as  the  experi- 
mental investigation  of  the  polyiodides  is  concerned.  In  the  first 
place,  the  polyiodides  are,  in  general,  readily  soluble  in  nitro- 
benzene, whilst  the  simple  iodides  are,  for  the  most  part-,  only  very 
Bparingly  soluble.  To  this  statement  certain  substituted  ammonium 
iodides  represent  exceptions.  Then,  again,  iodine  itself  only  dissolves 
to  a  comparatively  small  extent  in  nitrobeniene ;  the  saturated  solu- 
tion at  18°  contains  approximately  0*2  mol.  per  litre.  The  very  slight 
miscibility  of  nitrobenzene  and  water  represents  another  factor  of 
iniportanco  in  connexion  with  the  investigation  of  the  soluble  |K>ly- 
iodide?,  for  this  permits  of  a  direct  comparison  of  two  different 
solutions  of  polyiodides  which  are  in  equilibrium  with  one  another. 

In  the  experiments  described  in  this  paper,  an  attempt  has  been 
made  to  ascertain  the  several  types  of  polyiodides  which  are  formed  in 
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liitrol)enzene  solutions  and  the  rt- lationKhips  which  exist  between  the 
variouH  typen  by  a  study  of  the  dlHtribution  of  iodine  and  iodides 
between  nitrobenzene  and  water.  The  polyiodides  of  potassiura  have 
been  exaiuiued  more  particularly,  but  compirative  measurements  have 
also  been  made  in  which  the  polyiodides  of  ammonium,  substituted 
ammonium  and  the  other  alkali  metals  were  submitted  to  investigation. 

Jakowkin  {ZeiUch.  phyaikcU.  Chem.,  1894,  13,  539  ;  189G,  20, 
19)  has  shown  that  the  proportions  of  free  and  combined  iodine  in 
dilute  aqueous  fiolatioDS  oontaining  iodine  and  alkali  or  alkaline  earth 
metal  iodides  are  in  agreement  with  the  assumption  of  a  dissociation 
equilibrium  corresponding  with  the  equation  MI3  z=r  MI  +  I,.  If  v  is 
the  volume  of  solution  which  contains  one  mol.  of  iodine  as  titrated 
by  sodium  thiosulphate  solution,  a  tbe  number  of  mols.  of  iodide  con- 
tained in  this  ▼olume,  9  the  fiaction  of  the  iodine  which  is  present  in 
the  free  state,  then  the  concentrations  of  the  tri-iodide^  iodide,  and 
iodine  are  repectivelj  {i^x)/v,  {a~l+x)/v,  and  m/v,  and  the 
equilibrium  constant  ^  is  given  by  the  equation : 

+  ») 

'     •{!-»)  ^ 

When  the  value  of  the  constant  A'  is  known,  and  v  and  a  for  a 
given  solution  are  determined  by  experiment,  this  equation  may  be 
used  to  calculate  xjv,  the  concentration  of  the  free  iodine  in  tho 
solution. 

The  jK)ssibility  of  obtaining  the  concentration  of  the  free  iodine  in 
an  aqueous  iodine-iodide  solution  by  this  riieans  has  been  utilised*  in 
the  examination  of  nitrobenzene  solutions  of  the  polyiodides.  When, 
for  example,  potassium  iodide  and  iodine  are  shaken  at  constant 
temperature  with  excess  of  nitrobenzene  and  water  until  a  condition 
of  equilibrium  is  reached,  two  solutions  containing  polyiodides  are 
obtained.  The  distribution  of  the  iodine  and  potassium  iodide 
between  the  two  liquids  is  determined  by  definite  partition  co- 
efficients ehareeteristic  of  these  substances,  and  by  the  formation  of 
more  or  less  stable  polyiodides. 

According  to  j^akowkin's  investigations  (toe.  ett.),  the  nature  of 
aqueous  iodide>iodine  solutions  is  veiy  simple ;  provided  the  concentra- 
tions of  the  iodide  and  iodine  do  not  exceed  certain  limits,  the 
equilibrium  can  be  represented  by  the  equation  KI,  KI  + 1,.  The 
concentration  of  the  free  iodine  in  any  such  solution  can  be  deter- 
mined from  equation  (1),  and  if  the  ratio  of  distribution  of  iodine 
between  nitrobenzene  and  water  is  known,  the  concentration  of  the 
free  iodine  in  the  nitrobenzene  solution,  which  is  in  equilibrium  with 
this  aqueous  solution,  miiy  be  deduced. 

According  to  this  metliod,  tlie  uocombined  iodine  in  nitrobenzene 
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solationg  oontaining  iodine  and  potassium  iodide  in  different  propor- 
tions has  been  estimated.     For  the   application   of   the  method, 

mea^iurements  of  the  constant  K  at  18^  and  of  the  partition  of 
iodine  between  nitrobeozene  and  water  at  different  coiK^ntraUoDS 
were  ie<|uired. 

The  constant  ^fiT  was  determined  by  the  method  previously  described 
(Dawson,  Trans.,  1901,  79,  238).  Carbon  tetrachloride  was  used  in 
measurin*;  the  concentrutioa  of  the  free  iodine  in  the  aqueous  solu- 
tions. The  two  following  experiments  give  the  value  of  the  pirtition- 
coeliicient  of  iodine  between  carbon  tetrachloride  and  water  at 
18^  ±,  0*02".   The  ooncentnUioiis  are  Azpressed  in  mois.  per  litre. 


Iodine  coiicentiaUra 

iu 

0  03438 
0*04426 


TABX.B  I. 

Iodine  concentiatioB 

in  H5O. 

0-0004158 
0*000585 


Diatrihation 
ratio. 

827 
82-8 


Mean 


82-8 


This  valae  of  the  ratio  was  used  in  obtaining  the  free  iodine  con- 
centration of  the  two  aqueous  iodide-iodine  eoluttons  examined,  for 
which  the  experimental  data  and  the  oaloulated  values  of  K  are 
contained  in  taUe  IL 

Table  II. 
Garbon  teinoUoride  lolutaoiL  JT, 

0*02975  molar  iodino  0  001 158 


Aqneoai  tolnUoB. 

0  1        molar  K I 

0  02413    „  iodine 

01  „  Kl 
0*02470    „    iodhie  j 


0'03088 


0*001153 


To  ascertain  the  ratio  of  distribution  of  iodine  between  water  and 
Tiitrohenzeno,  experiments  at  widely  different  concentrations  were 
made.  The  quantities  of  the  two  liquids  employed  were  largely 
increased  as  the  iodine  concentration  was  diminished,  and  in  the  case 
of  the  most  dilute  solutions  100  o.c  of  nitrobeniena  and  750  co.  of 
water  were  used,  the  iodine  concentration  in  the  aqueous  layer  being 
obtained  by  titrat  ion  of  500  c.c.  with  ^/lOO  thiosuiphato  solution. 
The  experimental  data  are  contained  in  table  III,  the  concentcations 
being  expressed  in  mols.  per  litre. 


Iodine  concentration 
in  CflHj-NO,. 

0-03325 
0-03<510 
0  0780 
0  0854 
0-2275 
0-8328 


Table  IU. 

Iodine  conccntntion 
iu  H3O. 
0  000191 
0-000207 
0  000461 
0  000 1905 
0  001330 
0001803 


Diatribstioa 
ntia 

174 
174 

m 

178 
171 
1T6 
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The  immben  in  the  third  oolmnn  indicate  that  the  ratkr  of  distri- 
bution of  iodine  between  the  two  solvents  is  independent  of  the  con- 
centrationi  and  the  mean  value  is  taken  as  174.  From  this  oonstancy, 
the  conelufiion  may  be  drawn  that  the  noleeular  compleadty  of  iodine 
in  the  two  solvents  is  the  same. 

Two  experiments  were  also  made  to  ascertain  the  ratio  of  distribu* 
tion  of  potassium  iodide  between  the  two  solvents.  In  coiif;equence  of 
the  slight  niiKcibility  of  the  two  liquids,  thia  ratio  differs  in  all 
probability  very  consiJeraljly  from  tho  ratio  of  the  solubilitiea  of  the 
iodide  in  water  and  dry  nitrobenzene.  Botii  determinations  were 
made  on  saturated  solutions,  a  large  volume  of  nitrobenzene  and  a 
f-niall  volume  of  wntcr  being  Fhakcn  up  with  exceps  of  potassium 
iodide  ;  after  remaining  in  the  thermostat  for  about  twenty-four  hours, 
the  concentration  of  the  solutions  was  determined,  the  nitrobenzene 
solution  being  extracted  for  this  purpose  with  successive  small 
quantities  of  water,  which  was  then  evaporated  lodrynos.  Tai)lo  IV 
gives  the  experimental  data,  the  concentrations  being  ejcpreseed  in 
mols.  per  lilrs. 

Table  IY. 

KI  in  water.  KI  in  nitrobenzene.  Distribution  ratio. 

6-05  0*00114  5300 

6-05  0*00108  6600 

Mean  

The  resnlts  obtained  in  these  preliminary  experiments  have  been 
utilised  in  the  estimation  of  the  free  iodine  in  nitrobensene  solutions 
containing  known  quantities  of  potassium  iodide  and  iodine.  In  order 
to  illustrate  the  essential  features  of  the  experimental  method,  the 
mode  of  procedure  which  was  tried  in  tho  first  instance  may  be 
described.  A  dotinite  quantity  of  water  was  shaken  at  18°  with 
successive  quantities  of  a  nitrobenzene  solution  (referred  to  as  solu- 
tion A)  until  the  composition  of  the  aqueous  solution  had  l)ecomo 
constant,  and  no  change  couhl  be  observed  when  it  was  agitatod  with 
a  further  quantity  of  solution  A.  The  concentration  of  the  iodine  in 
the  aqueous  solution  was  then  determined  hy  titration,  and  that  of  the 
iodide  by  evaporation  of  a  measured  volume.  By  means  of  equation 
(1),  the  concentration  of  the  free  iodine  in  the  aqueous  solution  is  then 
obtained,  and  by  multiplication  of  this  value  by  the  partition-coefficient 
of  iodine  distributing  itself  between  nitrobenzene  and  water,  the 
concentration  of  the  free  iodine  in  solution  A  is  deduced. 

Two  or  three  preliminary  experiments  sufficed  to  show  that  this 
method  of  reaching  the  aqneons  solution  in  equilibrium  with  solution 
it  by  a  process  of  approximation  could  not  be  conveniently  applied  as 
a  geneml  method  because  of  the  laige  quantities  of  solution  A  required. 
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An  alteniaiiTe  metlioci,  which  ooDBisM  in  shaking  up  aoluCion  A  with 
aqueous  potassium  iodide  8oluiion«»  the  original  oonoentratioos  of 
which  were  respectively  greater  and  less  than  the  ooooentration  of  the 
equilihrium  solntioot  was  found  to  be  more  convenient.  Hie  composi- 
tion of  the  two  aqueous  solutkms,  after  shaking  with  if,  was  deter- 
mined, and  from  the  changes  in  composition  the  composition  of  the 
equilibrium  aqueous  solution  was  deduced  by  interpolation.  For  an 
accurate  measurement  of  the  desired  concentration  by  this  niethoii,  the 
two  a(|tieou8  solutions  which  are  shaken  up  with  solution  A  must  not 
differ  too  greatly  from  the  equilibrium  solution  the  composition  of 
which  is  sought.  On  account  of  the  relatively  small  quantities  of 
iodine  which  are  removed  when  the  solution  A  is  shaken  with  the 
aqueous  solutions,  the  addition  of  iodine  to  these  solutions  was  not 
considered  necessary ;  the  iodine  concentration  of  the  equilibrium 
Folution  has  therefore  been  simply  determined  by  interpolation  from 
the  iodine  coficentratioos  of  the  two  aqueous  solutions  used  in  the 
estimation  of  the  equilibrium  concentration  of  the  iodide. 

The  actual  data  obtained  in  the  determination  of  the  aqueous  solu- 
tion which  is  in  equilibrium  with  a  nitrobensene  solution  containing 
potassium  iodide  and  iodine  in  quantities  corresponding  with  the 
formula  0*1  molar  (KI  +  7I)  may  be  recorded  as  an  illustration  of  the 
application  of  the  method.  Twenty-five  cc  of  this  solution  were 
shaken  with  50  cc  of  (1)  0*010  molar  aqueous  potassium  iodide, 
(2)  0*015  molar  aqueous  potassium  iodide.  After  shaking,  the  first 
aqueous  solution  was  found  to  contain  0*0112  moL  of  potassium  iodide 
and  0*00334  mol.  of  iodine  per  litre,  and  the  second  solution  0-0140 
mol.  of  potassium  iodide  and  0*00369  moL  of  iodine  per  litre.  The  two 
original  solutions  are  thus  seen  to  contain  re^eotively  loM  nnd  more 
potassium  iodide  than  the  equilibrium  edution,  and  by  interpolatioa 
this  is  found  to  contain  0*0125  mol.  of  potassium  iodide  per  litre ;  the 
interpolated  iodine  concentration  corresponding  with  this  is  0*00351 
mol.  per  litre. 

In  this  way  the  composition  of  the  aqueous  solutions  in  equilil)rium 
with  01  molar  nitrobenzene  solutions  of  |)otassium  iodide,  containing 
re»j)©ctively  2,  3,  4,  5,  6,  7  and  8  atoms  of  iodine  |)er  mol.  of 
iodide,  has  been  determined.  The  data  are  collected  in  table  V, 
concentrations  being  exprosbed  in  mols.  per  litre. 
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(1) 
(2) 
(3) 
(4) 
(«) 
(6) 
(7) 
(8) 


Table  V. 


Composition  of  uiti  obeuzene  solution. 

01  molar  (KI  + 21) 
(KI  +  3I) 
(KI+4I) 
(KI  +  5I) 
(KI  +  6I) 
(KI  i  71) 
(KI4-8I) 

KI  Huiurated  with  iodine 


li 
II 
II 
It 


Comfiositioii  of  aqneoni  folatioiu 

^   ■  •» 

rotaeuiiuiu  iodide.  Iodine. 

6-05  0-00050 

0-62  0  00435 

0*22  0  00535 

0*046  0-00480 

0*022  0-00412 

0  0123  0  00351 

0  0073  0  00305 

0-0027  0  00226 


In  the  first  and  last  experiments  the  two  solutions  were  in  contact 
with  undissolved  potaarium  iodide  and  iodine  reepeotiyely.  On 
examination  of  the  two  series  of  numbers  it  is  seen  that  the  con* 
eentration  of  the  iodide  in  the  aqueous  solution  decreasee  rapidly  as 
the  relative  proportion  of  iodine  in  the  nitrobenzene  solutions  ineresses ; 
the  ratio  of  the  iodide  eonoentrations  for  the  first  and  last  solutions  is 
approximately  2200:1*  The  iodine  eonoentrations  of  the  aqueous 
solutions  are  all  very  small  oompared  with  those  of  the  eofresponding 
nitrobenaene  solutions ;  for  the  first  aolutiout  the  ratio  of  these  iodine 
eonoentrations  is  1 : 200,  although  the  oonoentration  of  the  iodide  in 
the  aqueous  solution  is  sixty  times  as  large  as  it  is  in  the  nitiobensene 
solution.  These  relationships  indioate  that  nitrobensene  is  a  solvent 
which  is  most  markedly  favourable  to  the  existence  of  the  polyiodides 
which  are  the  subject  of  this  investigation. 

A  much  clearer  insight  into  the  nature  of  the  relationships,  which 
exist  between  the  corresponding  aqueous  and  nitrobenzene  solutions, 
is  obtained  when  the  concontrations  of  the  free  iodine  aro  calculated 
in  the  manner  alioady  described.  In  tiibl©  VI  the  tirst  column  givei 
the  composition  of  the  nitrobenzene  solution ;  the  second,  the  volume 
(w)  in  litres  of  the  aquoous  solution  which  contains  1  mol.  of  iodine 
titrated  by  thiosulphate  solution;  the  third,  the  molar  ratio  (a)  of 
iodide  to  iodine  in  the  aqueous  solution  ;  the  fourth,  tho  fraction  (.r) 
of  the  total  iodine  present  in  the  free  btate;  the  fifth,  the  concentra- 
tion (x/v)  of  the  free  iodine  in  tlie  iiqueous  solution  ;  and  tlie  hixth,  the 
concentration  (174x/v)  of  free  iodine  in  the  nitrobenzene  solution. 


Cumpomtioa  of 

nitroUcn/.oiio  solution. 
0  1  molar  (KI  4- 21) 
(KI  +  8I) 


Table  VI. 


i> 
•I 
II 
11 
II 
II 
•I 


(KI  +  4I) 
(KI  +  31) 
CKI  +  6I) 
(KI+71) 
(KI  +  8I) 
KI  murated  \ 
withiodiDe  / 


2000 
280 

208 
243 
285 
328 

442 


12100 
142 
41 


1 

9-58 
&'3I 
S-66 
2*40 


X. 

0-00019 
0-00189 

0-00539 
0  0270 
0-0  iO 
0110 
0*198 


1*20  0*44 


0-000000095 

0-0000082 

0  0000-288 

0  000130 

0-000247 

0*000886 

0*00059 

0*00100 


174  x\t>. 
0 -0000105 
0-00148 
0-00504 
0-02'2«5 
0  0430 
0-007 
0103 

0174 
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The  numbers  in  the  last  column  are  those  to  which  attention  must 
bo  directed.  These  have  been  calculated  oq  the  assumption  that 
equation  (1)  expresses  the  relationship  between  free  and  combiue<l 
iodine  in  the  aqueous  solutions  which  are  in  equilibrium  with  the 
various  nitrobenzene  soliuiuiis.  With  the  exception  of  the  tirst 
aqueous  solution,  all  these  are  within  the  limits  for  which  the  validity 
of  ofjnation  (1)  may  bo  said  to  have  been  established  experimentally 
(coinpaie  Jakowkin,  loe.  ctt.).  For  the  solution  saturated  with  iodine, 
the  exjieriuients  of  Noyos  and  Seidonsticker  [ZeiUch,  j)hysiknK  C/iem., 
lSd8»  27,  357)  indicate  that  the  quantities  of  freo  and  combined 
iodine  are  in  agreement  with  the  requirements  of  the  dissociation 
equation  KTg  ^  KI  + 1^.  It  is  therefore  only  in  redpect  of  the  first 
solution,  where  the  molar  ratio  of  io4ide  to  iodine  reaches  the  veiy 
high  value  of  12100,  that  the  validity  of  this  equation  may  be  said  to 
lack  experioiontal  proof.  That  any  poly  iodide  other  than  potaBsinm 
tri*iodide  is  present  in  the  saturated  potmiam  iodide  solation  is,  hoir- 
ever,  very  improbable,  and  it  tnfty  be  confidently  assoined  that  the 
oonoentvation  of  the  free  iodine  ih  this  Solation  may  also  be  obtained 
at  least  approtimately  by  means  of  equation  (1).  In  conseqaenoe  of 
the  h%h  concentration  of  the  iodide  in  the  aqueous  sotatikm,  the 
distribotion  of  the  free  iodine  betweeh  the  two  liquids  will  no  doubt 
in  this  case  undergo  an  alteration  which  is  oonsiderably  greater  than 
that  resulting  from  the  "salting-out"  action  in  the  case  of  the  other 
solutions,  and  to  this  extent  the  calculated  concentration  of  free 
iodine  in  the  first  nitrobenzene  solution  is  somewhat  doubtful. 

Comparin*^  the  numl)ers  in  the  last  column  of  the  preceding 
table,  it  is  evident  that  the  free  iodine  concentration  incre^use^s  enor- 
mously as  tlie  molar  ratio  of  iodine  to  iodide  increases  from  one  to 
four  ;  the  ratio  of  the  values  for  the  solutions  KL^aud  Kljis  6200  : 1.  In 
the  interpretation  of  these  numbers  it  may  be  recalled  that  the  exist- 
ence of  the  polyiodides  KI3  and  Kfy  has  been  estal^lished  as  the  result  of 
solubility  measurements,  and  that  ihoae  rt  prcsent  the  lowest  and 
liighest  polyiodides  which  are  capable  of  existence  in  nitrobenzene 
solutions.  As  yet,  however,  no  evidence  of  the  existence  of  definite 
intermediate  types  has  been  brought  forward.  From  the  f;u;t  that  all 
the  polyhalogen  compounds  of  the  alkali  metals  which  have  been  pte- 
pared  as  crystalline  substances  are  of  the  types  MXj  or  MX^j  (compare 
Wells,  ^eiWi.  anorg.  CW, 1892,1,  85;  Wells  and  Wheeler,  t6iU,  1892, 
1,442^  1892,  2,  255),  that  the  polyiodides  of  the  alkali  metals,  the 
existence  of  which,  in  the  free  state,  is  indicated  by  the  iodine  tension 
measurements  of  Abegg  and  Hamburger  (^STeitecA.  anarg,  CAam.^  1906, 
60,  403),  ara  of  the  types  MI^  MI5,  MI,,  or  MI^  and  that  the 
crystallised  polyiodides  of  the  substituted  ammonium  bases  are  of 
these  same  types,  it  mi^ht  be  expected  that  the  intennediate  poly« 
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iodides  KI^  and  KLj  aro  contained  in  nitrobenzene  solutions  the 
composition  of  which  corresponds  with  these  formuhe.  On  the  other 
hand,  it  is  possible  that  Buch  solutions  represent  mixtures  of  the 
highest  and  lowest  polyiojides  in  .accordance  with  the  equations 
(a)  3KIa»2Kl8  +  Kl5,  and  (6)  3Kl7-Kl3  +  2KIy. 

It  appears  possible  to  decide  which  of  the  two  views  corresponds 
with  fact  by  the  following  consiileratioii.  If  the  0*1  molar  solution 
of  the  composition  (Kl-f  41)  represents  a  mixture  of  the  tri-  and 
enneariodide  in  accordance  with  equation  (a),  the  concentration  of 
the  enjieariodide  in  the  solution  should  be  0  033  molar.  Measure- 
ineni  of  the  free  iodine  oonoentration  in  a  0*033  molar  KI^  solution 
gave  0*0405  mol.  per  litre,  while  aooording  to  the  previous  table  a 
0*1  molar  solution  of  the  composition  (KI +41)  contains  0'00504  mol. 
free  iodine  per  litre.  These  numbers  are  as  8  to  1»  and  the  verj 
large  difference  between  the  free  iodine  concentrations  of  these  two 
sotntions  must  be  intc^rpieted  as  in  favour  of  the  view  that  a  nttro- 
benaene  solutbn  of  the  composition  (KT-f-4I)  contains  a  definite 
polyiodide  KI5  as  the  chief  component.  By  similar  reasoning  it  is 
pOBtdble  to  show  that  the  polyiodide  KI^  is  present  in  nitrobenzene 
solutions  which  contain  more  iodine. 

Tlio  conclusion  that  four  pol^  iodidcs,  KI^,  K 1  ^,  KL  and  KI„,  are 
formed  in  iiiUoljenz<*nc  aohiLiou  agrees  very  satisfactorily  with  the 
numbers  which  express  the  free  iodine  concentrations  of  tlio  nitro- 
benzene solutions  (1)  to  (8)  iu  table  VI  if  we  assume  that  (•houiical 
dissociation  of  the  {>olyiodides  takes  place  iu  accordance  with  tlie 
scheme  :  KI^  m  KT,  +  Ij  ;  KI-  "Zl  K  I,,  -f  ;  K 1^  ,M  K  +  ; 
KT3  7~"  Kl  +  Ig.  Although  it  is  not  possible  to  subject  the  four  stages 
in  the  dissociation  process  to  a  separate  minute  analysis,  a  comparison 
of  the  percentage  amounts  of  free  iodine  in  01  molar  solutioas  of  the 
composition  KI,,  Klg,  KI^  and  KI^  respectively  gives  some  idea  of 
the  extent  of  the  dissociation  in  tho  several  stages.  The  numbers  in 
table  YII  represent  the  percentage  amounts  of  free  iodine  in  terms 
of  the  total  iodine  as  titrated  by  thiosulphate  solution. 

Table  YII. 

SstQfated  with 

Coiii|M).sition  (»f  solution.       KI^.  KI5.        KI7.        KIg.  ioUiiiO. 

Pcrccutagc  iuUiue  di;:>:M>ciatiou    0  OIU  2*5  11  26  32 

From  these  numbers  it  is  evident  that  the  dissociation  of  the 
tri-iodide  is  extremely  small,  whereas  that  of  the  ennea^odide  is  very 
considerable ;  the  value  26  can  only  be  interpreted  on  the  assumption 
that  dissodatton  in  the  ennea-ioctide  solution  has  taken  place,  not 
only  in  accordance  with  the  first  equation,  but  also  to  an  appreciable 
extent  according  to  the  second.  In  reference  to  the  eolotion  satucated 
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with  iodine,  it  may  be  noted  that  this  contains  5*50  raols.  of  iocline 
per  mol.  of  iodide.  Of  this,  32  and  68  per  cent,  respectively  are 
preseul  in  the  free  aud  combined  ntates  ;  the  ratio  of  combined  iodine 
to  iodide  is  therefore  exprossetl  l)y  the  formula  KI^:,,  from  which  it 
is  evident  that  the  dissociation  of  the  ennea-iodide  in  very  con- 
siderably dimininhed  in  presouce  of  the  excess  of  iodine  correj^ponding 
with  the  sntii rated  Holution. 

Infiufnce  of  the  ConcetUrulion  of  lite  Solutwu  oii  the  DUsociiUion  of 
KTj^. — With  the  object  of  obtaining  further  information  in  regard 
to  the  dissociation  of  the  polyiodides,  the  amount  of  free  iodine  in 
ennea-iodide  solutions  of  different  concentrations  has  been  examined. 
In  these  experimentfi,  0  01,  0*033,  0*1  and  0*48  molar  solutions  of  the 
oompodtion  KLj  were  shaken  at  18^  with  aqueous  iodide  solutiona  of 
known  coneentratioD,  and  from  the  changes  undergone  by  the  aqueous 
solutions  the  composition  of  the  aqueous  solution  which  is  in 
equilibrium  with  each  of  the  four  nitrobensene  solutions  was  dodnoed. 
The  oonoentmtion  of  the  free  iodine  in  these  was  then  caleulated 
as  previously  described.  Table  YIII  contains  the  results  of  this 
invsstlgatioo,  the  several  columns  of  figures  having  the  stgnification 
given  previously  in  connexion  with  taUe  YI. 

Table  VIII. 

Concentration  of  DLi.>40ciation 


KI„  sohilioii. 

T. 

a. 

X. 

174  r/r. 

|K.T  cent. 

0*48  molar 

105-3 

2-00 

0-100 

0 -000050 

0-16O 

8  0 

010  „ 

888 

2-40 

0*108 

0-000590 

O'lOS 

26 

0  033  „ 

817 

5  0G 

0  144 

0-000-2i3 

0  0405 

30 

001  „ 

1600 

12-8 

0  m 

0*0000838 

0-0146 

36 

The  iodine  dissociation  evidently  increases  with  the  <lihition  of  the 
solution,  and  the  observed  variation  leads  to  the  conclusion  that  iu 
more  concentrated  solutions,  such  as  wore  examiued  by  nieana  of 
solubility  measurements,  the  euneii-iodide  is  dissociated  to  a  compara- 
tively small  extent.  The  calculated  value  of  the  dissociation  is  based 
on  the  assumption  that  the  iodine  distribution  is  determined  in  all 
cases  by  the  ratio  174  ;  the  uncertainty  hereby  involved  increases  with 
tbe  concentration,  and  on  this  account  more  concentrated  solutions 
were  not  submitted  to  examination. 

IHuoeialion  qf  different  £nn0th%odides. — The  experiments  of  which 
an  account  has  so  far  been  given  refer  solely  to  potassium  iodide 
solutions.  If  polyiodide  solutions  of  the  other  alkali  metals  were 
subjected  to  a  minute  examination,  similar  relationshipe  would  no  doubt 
be  found.  To  ascertain  whether  quantitative  differences  in  the  degree 
of  chemical  dissociation  are  eshibited,  solutions  containing  lithiimi, 
sodium,  potassium,  rubidiumi  cnuum,  ammonium  and  tetrametbyl- 
ammonium  iodide  have  been  compared.   To  effect  this  eomparison  in 
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a  complete  manner  would  have  involved  the  determination  of  the 
compo.sition  of  the  aqueous  solutions  which  are  in  equilibrium  with 
the  tri-,  pcnta*,  hepta-,  and  ennea-iodide  solutions  of  each  of  the  alkali 
metals  and  ammonium  bases.  The  fact  that  the  aooarate  measure- 
ment  of  the  free  iodine  in  the  tri-iodide  solutions  neoesaitotee  the 
use  of  large  quantities  of  materials,  and  that  the  validity  of  equation 
(1)  for  the  concentrated  aqueous  solutions  has  not  been  experiment- 
ally demonstrated,  has  limited  the  inquiry  in  the  case  of  the  tri- 
iodides  to  sodium  and  potassium.  For  the  rest,  it  was  considered 
sufficient  to  compare  the  ennea-iodide  solutions,  and  this  comparison 
has  been  made  for  0*1  molar  solutions  without  determining  exactly 
the  composition  of  the  aqueous  solutions  with  which  the  nitrobenaene 
solutions  are  in  equilibrium. 

In  this  comparative  investigation,  50  c*e.  of  each  of  the  ennea- 
iodide  solutions  were  shaken  with  an  equal  Tolume  of  water,  and  the 
concentration  of  iodide  and  iodine  in  the  aqueous  solnttra  determined. 

In  table  IX,  the  iodide  under  inveetigatton  is  indicated  in  the  first 
column,  the  second  and  third  columns  give  the  concentration  of  the 
iodide  and  iodine  iu  the  aqueous  solutions,  tiie  fourth  gives  the 
calculated  concentration  of  free  iodine  in  the  nitrobenzene  solutionSi 
and  the  fifth  the  percentage  iodine  dissociation. 


Tabli  IX. 

AqneoQfl  aolntion.  NittobenssM  aolation. 

*   '  ^ 

Iodide.          Iodide.             Iodine.  Free  loUiae.  Dissociation 

per  i  cnt« 

N(CHa)4l»            OOOOlfj            0-00075  0-104  26 

UI,                   0  00117            0  00106  0  110  27 

Rhf,                  0-OOm           0  00189  0*102  86 

Klft                     0-00665             0  00281  0  101  25 

NHJ.,                0  01-20              0-00471  Q-IO*  26 

NaL                   0  0308              0  0136  —  — 

UI,                  0  0466             0*0226  —  — 

In  this  table  the  iodides  are  arranged  in  the  order  of  increasing 
concentration  of  the  aqueous  solution.  From  the  numbers  in  the 
second  and  third  columns,  it  is  evident  that  the  quantities  of  the 
iodidoR  and  of  iodine  which  are  removed  by  water  from  the  several 
ennea-iodide  solutions  vary  very  considerably ;  the  particular  iodide  in 
a  given  eonea-iodide  solution  can  indeed  be  at  once  recognised  by  the 
intensity  of  the  colour  of  th^  aqueous  extract*  In  consequence  of  the 
removal  of  iodide  by  the  water,  the  ooupoeition  of  the  nitrobenseue 
solution  changes  to  an  extent  which  depends  on  the  particular  iodide 
present.  Thin  change  is  negligible  in  the  case  of  tetntmethyl- 
ammonium,  small  for  cmium  and  rubidium,  considerable  for  potassium 
and  ammonium,  and  very  large  for  sodium  and  lithium.   Although  in 
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oonaeqneDoe  of  tltis  eirottmstoiioe  the  data  obtained  for  the  ▼axkms 
Bolatioiis  are  not  all  oomparable,  it  appears  at  first  sight  as  if  the 
dissooUtion  depends  very  largely  on  the  metal  (or  radic^)  contained 
in  the  ennea-iodide  solution.  If,  however,  the  ooncentration  of  the 
free  iodine  in  the  Tarioiia.nitrobensene  solutions  is  calculated  from  the 
composition  of  the  corresponding  aqueous  solutions,  a  very  nearly 
constant  value  is  obtained,  as  is  evident  from  the  numbers  in  the 
fourth  and  fifth  columns  of  the  table.  That  the  values  of  the  free 
iodine  coiiceutration  and  the  dissociation  calculated  in  this  way  are 
approximately  the  same  as  those  which  would  be  obtained  from  the 
aqueous  solutions  iu  equilibrium  with  the  accurately  0*1  molar  ennea- 
iodide  solutions  is  shown  by  the  close  agreement  of  the  values  in  the 
case  of  potassium  ;  these  are  respectively  25  and  26  per  cent,  for  the 
iodine  dissociation. 

It  should  be  noted  that  the  aqueous  solution  o]>t;iified  by  extraction 
of  the  totrauiothylammonium  ennea-iodide  solution  witli  water  contains 
more  iodine  than  iodide,  and  in  the  calculation  it  has  been  assumed 
that  all  the  iodide  is  present  in  the  form  of  tri-iodide.  The  same 
constant^  KibO'001155,  has  been  used  as  determining  the  equilibrium 
in  the  aqueous  solution  for  all  the  iodides  examined.  Jakowkin's 
experiments  (loe,  ctf.)  indicate  that  thi^  is  justified  for  sodium  and 
lithium  solutions,  and  a  determination  for  a  csBsium  iodide  solution 
gave  the  same  value  for  the  constant  as  has  been  found  in  the  ease  of 
potassium  iodide^ 

On  account  of  the  large  quantities  of  iodide  and  iodine  which  are 
extracted  when  the  ennea-iodide  solutions  of  sodium  and  lithium  are 
shaken  up  with  an  equal  volume  of  water,  the  data  for  these  solntions 
in  table  IX  cannot  be  utUiaed  for  the  calculation  whidi  has  been 
made  in  the  case  of  the  other  five  solutions.  For  the  sodium  ennea- 
iodide  solution,  the  composition  of  the  aqueous  solution  in  equilibrium 
with  it  has,  however,  been  determined  by  the  method  previously 
describetl ;  this  solution  was  found  to  contain  0*080  mol.  sodium 
iodide  and  0  0248  mol.  iodine  per  litre,  and  the  proportion  of  free 
iodine  in  the  ennea-iodide  solution  which  is  calculated  from  these 
numbers  22  per  cent.,  which  agrees  fairly  well  with  the  dissociation 
found  in  the  case  of  the  other  iodides. 

Tlie  above  comparative  measurements  lead  to  the  conclusion  that 
the  ennea-iodides  of  the  alkali  metals  and  ammonium  bases  are  chemi- 
cally dissociated  to  the  same  extent.  It  is  evident  that  this  may  be 
explained  if  we  assume  that  the  free  iodine  is  a  dissociation  product 
of  iodine  ions  in  accordance  with  the  scheme:  I,,' V-f  Ig  J 
V*^V  +  -^8i  h'  ^  ^3  +^2  i  13  *^1+^  support  of  this  view, 
measurements  of  various  physical  properties  of  the  poly  iodide  solutiona 
will  be  communicated  in  a  further  paper. 
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As  previously  mentioned/a  oomparison  of  the  quantities  of  iodine  in 
the  aqueoas  solutions  obtained  by  sbaking  together  a  0*1  molar  nitro- 
bensene  solution  of  iodine  with  water  and  excess  of  potassium  or  sodium 
iodide  has  been  made.  In  the  case  of  pot««tum,  the  aqueous  solution 
was  found  to  contain  6*05  mols.  of  iodide  and  0*00050  mol.  of  iodine 
per  litre,  while^the  sodium  solution  contained  8*11  mola  of  iodide  and 
O'OOll  mol.  of  iodine  per  litre.  The  free  iodine  in  the  two  nitro- 
benzene solutions  corresponding  with  these  data  is  about  0*03 
per  cent.  ;  the  chemical  di-sociation  of  both  the  tri-iodides  is  therefore 
very  small.  The  very  unequal  distribution  of  the  iodine  ia  these 
circumstances,  coupled  with  tlie  fact  that  the  tri-iodides  are  so  readily 
soluble  ill  water,  leu'ls  to  the  supp  )sition  that  the  tri-ioiides  in  the 
nitrobenzene  solution  are  combined  iu  some  way  with  the  solvent. 
The  fact  that  water  removes  wi<lely  different  quantities  of  iodides  and 
iodine  from  euuea-io.li'ie  solutions  of  the  various  alkali  metals  and 
ammonium  ba^e^  can  aliso  be  accounted  for  on  this  hypothesis  if  the 
compounds  foraied  by  the  poiyiodides  with  the  nitrobenzene  are  of 
different  degrees  of  stability. 

The  author  is  indebted  to  the  Research  Grants  Committee  of  the 
Hoyal  Society  for  a  grant,  which  has  partly  defmyed  the  cost  of  the 
materials  used  in  this  investigation.  To  Mr.  0,  G.  Jackson  his  thanks 
are  doe  for  assistance  in  some  of  the  measurements  recorded  in  the 
papw. 

FamoAL  Chemistry  Laboratokt, 
Thi  UmvaBsiTT, 

LSBOS. 


CXXVL— 2%e  Study  of  the  Abaai'ptwn  Spectra  of  the 
Hydrocarbons  isolated  from  the  Products  of  the 

Action  of  Aluminium  Chloride  on  NaphUialcne. 

By  Annib  Hoiuib,  Fellow  of  Newnham  College,  and 
John  Edward  Ponvis,  M.A. 

From  the  products  of  the  action  of  aluminium  chloride  on  naphthalene, 
besides  /3/?-dinaphthyl  previously  isolated  by  Friedel  and  Crafts  from 
the  same  reaction,  there  have  been  isolated  three  new  hydrocarbons 
which  have  been  described  in  detail  by  one  of  us  (Homer,  Tranf., 
1907,  91,  1103).  The  substances  isolated  were  : 
(i)  CjfU]^,  a  homologoe  of  naphthalene,  «ither  tetramethyl-  or 

4  s  2  ^  , 
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dietbyl-napbtbaleDe,  more  probably  the  former ;  (ii)  Cj^U,!, 
/S/S-diaaphtbyl ;  (iii)  C^^H,,,  a  subttuioe  supposed  to  be  a  bomologoe 
of  dinaphiliADilmoeii^  O^Hi^;  and  (tv)  O^ifi^  probably  tetn- 

napbtbyl. 

/^^S-Dinapbthyl  is  formed  by  the  coodenFaiion  of  two  napbthalene 
molecolM.  It  was  thooght  tbat  tbe  bydrocarboo  G^H,,  was  formed 
by  tbe  oondensation  of  either  two  /S/3-diiiaphthyl  or  four  naphthalene 
molecQles,  more  piobaUy  by  the  fonner,  as  an  increase  in  tbe  time 
allowed  for  the  action  of  alominium  ofaloride  on  naphthalene,  or  a  rise 
in  the  temperature  at  which  the  reaction  was  condaeted,  eansed  a 
deeresse  in  the  amount  of  the  hydrocarbon  C^Hj^  and  an  increase 
in  the  amount  of  the  hydrocarbon  C^oH^^  produced.  It  was  snggosted 
that  tbe  sabstance  C^H,,  was  a  homologue  of  dinapbthanthraoene» 
CjgH^^,  and  its  formation  from  alkylnapbtbalenes,  which  are  also 
formed  during  the  resction,  was  giTon  as  follows : 


The  inteoHe  fluore^ceDce  of  the  substance  suggested  the  preseoce  of 
an  anthracenoid  liuking. 

In  the  method  of  formation  thus  proposed,  hydrogen  would  be 
eliminated  from  a  ^-melhyl  group  of  trimefchyl naphthalene.  It  was 
thought  (/oc.  cit.)  that  further  evidence  as  to  the  constitution  of  the 
respective  products  of  the  reaction  in  question  might  be  produced 
from  a  comparative  study  of  their  absorption  spectra  with  that  of 
naphthalene;  and  it  was  also  suggested  that  the  absorption  spectrum 
of  the  hydrocarbon  Cj^H,^  should  be  compared  with  that  of  the  supposed 
parent  substance,  dinaphthanthrscene»  0||H|^,  and  of  pieenOi  tbe 
ieomeride  of  dinaphtbanthracene. 

It  was  with  these  objects  in  yiew  that  the  investigation  here 
described  waa  undertaken. 

EXPEaXMSNTAL. 

The  hydrocarbons  C,4H,^,  ^w^iv  ^40^26*  ^26^ip  prepared 
according  to  the  methods  given  in  the  paper  by  Homer  (foe.  eif.). 

The  standard  strength  of  our  solutiona  was  taken  as  ^/lOOO,  a 
normal  solution  bang  considered  as  a  solution  containing  one  gram- 
molecular  weight  of  solute  in  1000  c.c.  of  tbe  solution. 

The  adjustable  cell  used  has  been  previously  used  and  described 
by  Purvi.^  and  Foster  (Proc.  Camb.  VliU.  Soc,  19U7,  14,  381).  It  is  a 
moditicitiou  of  the  very  useful  iustrument  described  by  Baly  and 
Desch  (Trans.,  1904,  85, 1029). 

The  results  of  the  study  of  the  absorption  spectra  of  the  substances 
under  consideration  have  been  plotted  in  the  accompanying  curves  so 
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tliafc  the  absoisM  repreaent  oadllation  freqaemaes,  and  the  ordinates 
the  logarithms  el  relative  thiekneMes  of  the  eolation.  Fvom  eye 
observations  we  ooold  obserye  diieetly  the  handa  doe  to  the  hydro- 

carboD  Co^^Hoo,  and  the  absence  of  bands  in  the  hydrocarbons 
C^qHo^,  CgoHj^,  Cj^iij,  ;  but  in  order  to  compare  the  absorption  curves 
with  those  of  other  substances  like  oaphthalene  we  decided  to  plot  the 
curves  in  exactly  the  same  way,  so  as  to  obtain  comparable  results. 

I.  NaplUkal0n4  and  0|4H|«. 

The  absorption  spectrum  of  naphthalene  has  been  given  in  detail 

by  Hat  t  ley  (Trans.,  1881,  39,  163),  who  has  shown  that  there  are 
four  bands  characteristic  of  this  substance.  Their  mean  wave-lengths 
are : 

2866  3726  S6S1  2660 

which  oorreapond  with  oscillation  frequencies  of : 

8461  8690  8840  8921 

The  curve  for  an  *V/1000  solution  of  tho  hydrocarbon  Cj^H^g  in  alcohol 
also  shows  four  bands  (Fig.  1).  The  mean  oscillation  fret^uencies  of 
these  bands  are  as  follow  : 

8434  8662  8680  8776 

These  four  hands  an  thus  nearer  the  red  end  of  the  speotram  and 
appear  to  be  lees  persiBtent  than  the  corresponding  bands  in  the 
naphthalene  curve.  The  curve  for  the  hydrocarbon  Cj^Hj^  is  there- 
fore in  accordance  with  the  suggestion  in  the  previous  paper  that  this 
substance  is  an  alkyl  derivative  of  naphthalene.  It  is  suggested  on 
p.  1327  that  the  methyl  groups  are  probably  in  the  1,  4,  5,  8 
positions. 

iV^/1 0,000  solutions  of  these  compounds  in  benzene  were  compared. 
It  was  found  that  stronger  solutions  did  not  show  selective  absorption. 
The  curves  for  both  these  substances  in  ben/.ene  show  only  two 
weak  bands  (Fig.  2).  The  mean  oscillation  frequencies  of  these 
bands  were : 

For  C„Uj4   3184  3430 

For  04qH«   8060  8200 

The  bands  exhibited  by  the  solutions  of  tlie  liydrocarbon  C^QHotj  are 
nearer  the  red  end  of  the  spectrum  than  those  exhibited  by  solu lions 
of  the  hydrocarbon  ;  but  in  the  former  case  they  are  so  weak 

that  they  may  be  regarded  as  traces. 

Since  benzene  solutions  of  the  hydrocarbons  O^^Hj^  and  G^^^^ 
exhibit  the  same  type  of  curve^  it  seems  reasonable  to  infer  that  these 
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sobtUnoes  haro  a  Btmilftv  ootuUtntum.  The  hydrooMbon  Oi^Hn  bas 
been  sbown  to  be  jS/S^dinaphtbyl  bj  WatsoD  Smith  (Tratis.,  1877,  16, 
m  ;  1879,  17,  224)  and  Chattoway  (Trans.,  1895,  67,  653). 

The  hjdfoeurbon  C^q^ph  therefore  probably  has  the  eonstitatum 
whieh  hae  already  been  suggested,  namely,  that  of  tetranaphthyl.  At 
the  present  stage  it  is  impossible  to  state  how  the  two  /^-dinaphtbyl 
moleonles  hare  been  condensed  to  yield  tetranaphthyl. 

In  ofder  to  compare  the  absorption  spectrum  of  ^jS-dinaphthyl  with 
that  of  iiaphthaleue,  it  was  u^cQss&iy  to  examine  it  in  alcoholic 
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solution.  An  A7 10,000  solution  of  ^^-diuaphthyl  in  alcohol  (Fig.  1) 
shows  three  absorption  bands  of  which  the  mean  oscillation  frequencies 


8204 


3486 


3556 


It  is  remarkable  that  whilst  naphthalene  in  alcoholic  solution  gives 
four  bands,  )3/3-dinaphthyl  in  the  same  solvent  gives  only  three  bands, 
although  ^^•dinaphthyl  consists  of  two  naphthyl  groups. 

Now  there  are  two  possible  explanations  of  this  phenomsnon,  which 
are  as  follows: 
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(i)  I%e  dtmtnltM  tAaorptian  'power  is  due  to  sleric  hindrance. 
The  molecule  of  ^^  dinaphthyl  miy  be  so  arranged  in  space  that 
there  is  crowding  within  iho  molecule  sucIj  ihat  tlio  vibrations  of 
some  of  the  carbon  atoms  within  one  naphtliyl  group  are  hindered 
hy  the  too  close  proximity  of  vibrating  atoms  in  the  other  naphthyl 
group.  The  effect  of  this  hindrance  will  be  evidenced  by  a  decrease 
either  in  the  rate  or  the  amplitude  of  the  vibrations  of  the  atoms 
a£fected.  In  either  ca.se  the  effect  of  the  8teric  hindrance  will  be 
evidenced  by  a  diminished  capacity  for  selectively  absorbing  light, 
although  the  increased  size  of  the  molecule  will  iQcrease  the  general 
absorption. 

(ii)  The  diminiihed  absorption  power  may  be  due  to  the  twisting 
of  one  naphthyl  group  rdaUvely  to  tho  other.  If  there  is  twiKting  in 
ooe  of  the  naphthyl  groups,  the  atoms  in  that  group  will  no  longer 
▼ibrate  in  the  same  plane  as  the  corresponding  atoms  in  the  other 
group.  The  twisting  effect  is  probably  more  marked  lor  some  of 
the  atoms  than  for  the  others.  Oonsider  the  effect  of  Uiis  twisting 
in  the  two  extreme  cases,  where : 

(a)  The  atoms  are  praetacally  not  affected.  In  this  case  the  effect 
of  the  ▼ibratioiis  of  these  atoms  on  a  ray  of  light  will  be  the  same  as 
that  of  the  corresponding  atoms  in  the  other  naphthyl  group.  That 
is  to  say,  the  corresponding  atoms  of  the  two  naphthyl  groups  will 
augment  each  other's  absorbing  power. 

(6)  The  atoms  are  so  much  twisted  that  they  ▼ibrate  In  the  same 
plane  as  the  corresponding  atoms  in  the  other  naphthyl  group,  but 
they  are  now  in  opposite  phase.  In  this  case  the  vibrating  atoms 
nullify  each  other's  effect  on  the  ray  of  light.  That  is  to  say,  if  these 
atoms  in  the  naphthalene  molecule  selectively  absorbed  light,  they 
will  now  allow  light  to  pass. 

Moreover,  between  tliese  two  extremes  cases  there  will  be  inter- 
mediate stages.  But  the  total  resultant  etioct  of  the  various  degrees 
of  twisting  of  the  second  naphthyl  group  will  be  such  that  the 
selective  absorption  power  of  /S/S-dinaphthyl  is  less  than  that  of 
naphthalene. 

If  the  above  argument  holds  good,  the  decrease  in  selective 
absorption  ought  to  be  more  marked  in  the  case  of  tetranaphthyl. 
Owing  to  the  insolubility  of  this  hydrocarbon  in  alcohol  it  cannot  be 
compared  with  naphthalene,  but  a  glance  at  the  curves  in  Fig.  2 
shows  that  the  two  bands  exhibited  by  this  substance  In  beniene 
solntton  are  so  much  weaker  than  the  corresponding  hands  for 
/SyMinaphthyl  that  they  are  praetically  eliminated.  This  fsot  is  in 
accordance  with  the  explanation  offered  above^ 

The  effect  of  the  inoreaee  in  sise  of  the  molecule  Is  shown  by  the 
Ibet  that  the  alcoholic  solution  of  )3j3-dinaphthyl  requires  smaller 
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oonoentratton  for  complete  absorption  than  that  of  naphthalene.  At 

the  same  time  there  is  a  shift  in  the  position  of  the  bands  towards  the 
red  end  of  the  spectrum.    The  same  effects  are  shown  by  benzene 
solutions   of   tetrmaphthyl   and   /3)8-diuaphthyl.     In  the   case  of 
dioaphthjl,  besides  dampiog  the  third  band,  the  benzene  has 
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Full  curve  T-t  n'luphrh  l  (C^.iH.,,,)      b  >zrne.    AViO.Of'O  ><t'7»/'j'r>?i. 

Datth  M  fid'lHnapiUhyi  ((^Hj  J  in  beiwnt,   A/10,000  toluiitm, 

Bliglitly  shifted  the  positions  of  the  two  remaining  bands  iowarda 
the  red  end  of  the  spectrum. 


III.  B^minaHon  of  ifonseiM  SuhUiwM  of  A$  ImtHMruht  Fietne 
and  Dinaf^thttnihraeem  and  of  the  StthvtanM  0.  qH^. 

TliH  strongest  solutions  of  picene  and  dinaphthai.thr  tcene  whieh 
could  be  prepared  were  ^7^^^^^*  the  case  of  the  hydrooarboD 
Cf^^2i  ^biob  is  very  soluble  in  benzene,  it  was  found  mors  eon- 
▼enient  to  use  an  ^/lOOO  solution.  The  difference  between  the 
strengths  of  the  solutions  of  the  hydrocarbon  C^^EL,!  and  of  tha 
isomerides  did  not  affeet  the  ooneiasions  to  be  drawn  foom  tho  ro> 
suiting  curves. 
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A  oomparattye  study  of  the  earm  shows  that  pioene»  as  woald  be 
expected  from  Hartley's  theory,  eshibite  a  type  of  etxtye  markedly 

Fig.  3. 
Osdllation  freguemeien. 


22  24  26  28  80  82 


41  I  I  I  I  I  '  ' 

Full  curve    A/100m  aO'uliun  vj  Cg«Hg  >m  bcnzciu. 

Da&h    „  iS'/loOO  aolulion  of  yicene  tft  benzene. 

Dot  sad  dash  enrve  -  •  -  A/ISOO  eoUUtM  ^  eUnaphthamtkraetiie  in  bentene. 

different,  from  that  of  dinaphthanthracene  (Fig.  3).  The  curve  for 
picene  (Fig.  3)  shown  three  well-marked  bauds  of  which  the  mean 
oscillation  frequencies  are : 

2670  2782  2784  ^ 
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The  fini  of  UiMe  bands  is  the  most  peraistent.  A  aolation  of 
dinaphthanihrsoeiie  of  the  same  strengih  (Fig.  3)  shows  only  one 
hand,  the  mean  oscillation  frequency  of  whidi  is  2840.  The  peraist- 
enoy  of  this  band  is  not  quite  so  marked  as  that  of  the  first  picene 
band.  Besides  the  fact  that  pioene  has  throe  bands,  it  is  also  rwnark- 
able  that  these  bands  aro  all  mudi  nearor  the  red  end  of  the  spectmm 
than  the  band  of  dinaphthanthracene.  It  sqems  therefore  as  though 
in  pict  ue  tlie  vibrations  of  the  c^irbon  atoms  within  the  molecule  have 
a  greater  amplitude  than  in  the  molecule  of  the  isomeric  dinaphth- 
anthracene. Picene  has  been  shown  to  have  a  phenanthreue  structure 
by  Bamberger  and  Chattaway  (Ber.,  1893,  26,  1751).  Hartenstein 
{Diss.,  Jena,  1892)  has  shown  that  dinaphthanthracene,  from  its  method 
of  formation,  its  properties,  and  the  properties  of  its  (juinone,  has 
a  constitution  similar  to  that  of  anthracene.  Dinaphthanthracene 
was  prepared  by  Hartenstein  as  follows  : 

Disodium  or  dipotas&ium  a-iiMphthaquinol  was  heated  with  carbon 
dioxide  under  pressure  and  from  the  products  of  the  reactioD,  by 
suitable  treatment,  a-Daphthaquinol-2-carboxyIic  acid  was  isolated. 
The  acid  thus  obtained  was  treated  with  oonoentrated  sulphuric  acid 
at  70°,  whereby  two  reactions  took  place : 

(1)  The  add  was  oxidised  to  a-naphthaquinonecarboiylic  acid. 

(2)  The  osddation  product  oondenssd  to  form  a  substance  CnHgO^. 

OH  O  O  O 


OH 

This  condensation  product  by  distiUation  with  sine  dust  wis  rsduoed 
to  dinaphthanthmoene,  O^JEL^^ : 


A  small  amount  of  dinaphthanthraeene  was  also  prapaied  by  the 
same  method  by  Russig  {J.  pr.  Ck$m,,  1900,  [ii],  62,  80). 

A  study  of  the  curve  for  the  hydrooarbon,  C||Hg,  (Fig.  S),  shows 
that  this  substance  has  a  constitution  similar  to  that  ol  pioene  and 
not  of  dinaphthanthracene,  as  had  been  previously  supposed.  The 
curve  for  ilT/lOOO  solutions  of  the  hydrocarbon  C^^^  in  benasna 
shows  three  bands,  of  which  the  first  is  most  persistent^  with  mean 
oscillation  frequencies : 

2290  2424  2584 


The  bands  are  much  nearer  the  red  end  ol  the  spectrum  than  those 
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in  the  picene  curve.  These  facta  are  in  accordance  with  preTions 
observations  that  the  introduction  of  groups  into  the  nucleus  causes  a 
shift  in  position  towards  the  red  end,  but  in  this  case  the  shift 
has  been  so  great  that  the  bands  are  in  the  visible  portion  of  the 
speotnun* 

The  formayon  of  the  hydrocarbon  C^qH^,  probaUy  takes  place  as 

follows : 

21     1  |(Mei)-3H,4(Me,)f\r 


thus  entaOing  the  elimination  of  hydrogen  from  methyl  gnmps  in  the 
ft-posttion.  Now  from  the  facts  known  of  the  action  of  aluminium 
chloride  on  bensene  and  its  homologues  it  seems  justifiable  to  infer 
that  in  the  corresponding  reaction  with  naphthalene  the  monoalkylated 
naphthalene  first  formed  would  be  converted  into  di-,  tri-,  and  tetra- 
alkylated  naphthalenes.  Moreover,  as  there  is  no  apparent  reason 
against  the  supposition  that  symmetrical  products  would  be  formed, 
the  obvious  inference  is  that  since  in  the  trimethylnaphthalene,  the 
forerunner  of  the  hydrocarbon  C^^ll^jj  t-here  is  oue  methyl  group  iu 
the  a-position,  then  the  others  are  also  in  a-positions,  and  therefore 
in  the  hydrocarbon  O.^^Hjo  the  methyl  groups  are  also  in  a-positions. 

Applying  the  same  method  of  reasoning  with  regard  to  the  position 
of  the  methyl  groups,  the  hydrocarbon  Oj^Hj^  will  probably  be 
1  :  i :  5  :  S-tetramethylnaphthalene. 

The  results  of  the  comparative  study  of  the  absorption  spectra  of  the 
substances  under  consideration  indicate : 

I.  That  the  substance  C^^H^^  is  a  naphthalene  derivative,  probably 

1:4:5:  8-tetramethyln;iphthalene. 

II.  That  the  hydroc.irbon  O^qH^q  has  a  constitution  similar  to  that 
of  )3y3-dinaphthyl,  and  is  therefore  probably  teLranaplniiyl. 

III.  That  picene  and  dinaphthaDtbracene  have  markedly  different 
absorption  spectra. 

IV.  That  the  hydrocarbon  02^3-22  exhibits  the  same  type  of 
absorption  curve  as  picene,  and  is  therefore  an  alkyl  derivative  of 
picene. 

There  is  still  required  some  explanation  of  the  intenne  Buorescenoe 
of  the  hydrocarbons  O^qH^^  and  CggHj^.  The  investigation  of  these 
phenomena  is  a  subject  lor  future  research* 

The  authors  take  this  opportunity  of  thanking  Prof.  E.  von  Meyer 
for  providing  the  sample  of  dinaphthanthraoene  hom  Br.  Hartenstein's 

Digitized  by  Googl 


1328  DOBAB  and  OABDNBB:  CHOLSffrBNONB. 

apeotiiien  at  Preaden,  and  ^ao  Prof.  Bambevger  and  Dr.  Chattaway 
for  80  Idndlj  •ending  apeoimm  of  pioene^  without  wliiek  tJie  work 
embodied  in  this  paper  ooald  not  have  been  ao  aatiafaetovily  oondnded. 

The  antbova  alao  deaire  to  ezpieaa  their  thaiika  to  the  Reaaareh 
Fond  Committee  of  the  Ohemioal  Sodetj  for  a  grant  which  haa  in 
part  defrayed  the  ezpenaee  of  thia  inveatigatioD. 

Thb  Umiversitt  Chkmical  Laboaatobt, 
Cambhiixii. 


CXXYIL—Chokstenone.  i 
By  Chabub  Dosia  and  Jobv  Ajubitmuk  GABoraB. 

Cholestebol,  which  is  an  uDsaturated  secondary  alcohol  of  the 
formula  Co^H^gO,  may  be  oxidised,  under  suitable  conditions,  to  an 
unsaturated  ketone,  cholestenone,  C27H44O  (Diels  and  Abderhalden, 
£er.,  1904,  37,  3092  ;  Windaus,  iter.,  1906,  39,  618).  Although  the 
OH'OH  group  of  the  cholesterol  is  converted  to  a  carbonyl  group  in 
choleMtenona^  the  behaviour  of  the  two  substances  under  the  inflaence 
of  reducing,'  agents  {Ber.,  1906,  39,884;  1908.  41,  260)  makee  it 
doubtlul  whether  their  "carbon-skeleton"  is  identical  in  each  case. 
In  1906  Windaua  (i^.,  39,  2008)  atudied  the  oxidation  of  cholea- 
tenone,  uaing  neutral  permanganate  which,  aooording  to  Tiemann  and 
Semmler  {B9r,,  1895,  28,  1845),  is  leaa  likely  than  other  omdiaing 
agenta  to  produce  intramolecular  change.  He  obtained  aa  the  chief 
product  a  aaturated  keto-monooarboxylio  acid,  ^io^ifiv 
contained  one  carbon  atom  le«8  in  ^  moleonle  than  the  parent 
aubetance,  and  which,  on  further  oxidation,  .paaaed  intoa  trioarboxyUo 
acid.  C^H^O^,. 

Theae  ohangea  were^  aooording  to  Windaua  (fos.  eil.),  aioat  aimply 
explained  by  aasoming  that  dioleatenone  oontaina  a  group,  OHICH^, 
which  is  situated  at  the  end  of  an  open  side-chain,  so  that  the 
production  of  the  acid  may  be  represented  by  the  following 
equation  : 

Cj^H,iO-CH:CH,  +  50  =  O^H^iO-COjH  +  HjO  +  CO,. 

The  tricarboxylic  acid  would  then  reault  by  the  rupture  of  the  ring 
containing  the  carbonyl  group  thus : 

The  correctness  of  this  explanation  is  baaed  on  the  analyses  of  the  ' 
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ketomcacid  and  its  derivative*,  and  their  recognition  as  C,^  compounds, 
a  point  which  is  somewhat  difficult  to  settle  hy  combustion  alone  ;  for 
example,  Windaus  found  for  the  keto-carbozylic  add  the  figures 
0-77-18,  77-75  ;  H-  II  U,  1M8.  These  values  agree  equally  well 
with  the  formula  O^gEL^fip  which  requires  G -77-55,  H- 10*62,  and 
with  OffiJ[)^  which  requires  0-77'26  and  H- 10*38  per  cent 

When  the  analjsss  of  all  the  derivatives  prepared  are  considered 
together,  the  C^^  carbon  content  appears  the  more  preferable,  but  as 
the  modem  view  of  the  formula  of  cholesterol  and  the  interpretation 
given  to  the  many  derivativee  obtained  from  at  by  oxidation  is  based 
on  the  work  referred  to,  it  seemed  to  us  desirable  to  submit  the 
question  to  a  farther  test. 

Harries  has  shown  {Annalm,  1906,  343,  811)  that  unsaturated 
alcohols,  when  submitted  to  the  action  of  ozone,  combine  with  one 
molecule  of  ozone  to  form  ozonides,  whilst  unsaturated  ketones 
absorb  four  atoms  of  oxygen,  namely,  tluee  at  the  ethylene  linking 
and  one  at  the  carbonyl  group.  The&©  ozonides  on  treatment  with 
water  decompose  as  follows  : 

y:c     yS-o>^  x:oo+y:oo+ha. 

aldehydes  or  ketones  and  hydrogen  peroxide  being  formed.  If 
Windans's  formula  is  correct^  cholestenooe  should  absorb  four  atoms  of 
oxygen  under  the  influence  of  osone,  and  the  osonide  formed  should 
react  with  water  in  the  following  way : 

CO 

These  aldehydes  would  be  at  once  oiidised  by  the  hydrogen  peroxide, 
and  we  should  expect  to  find  among  the  final  products  a  C^^  acid  and 
probably  either  formic  or  carbonic  add  derived  from  the  form- 
aldehyde. 

The  I  action  takes  place  broadly  on  the  lines  predicted,  and'  we 

obtained  as  chief  products  the  C^^  ketonic  acid  described  by  Windaus, 

and  carbon  dioxide.  Cholesterol,  on  similar  treatment,  formed  an 
ozonide  which  also  gave  carbon  dioxide  on  decomposition. 


EXPBBXHBVTAL. 

Ozonide  of  CkoUsienone.— Ten  grams  of  cholestenone  were  dissolved 

in  200  c.c.  of  dry  chloroform,  and  a  slow  current  of  osonised  oxygen 

was  bubbled  through  the  solution  until  the  ozone  ceased  to  be 
absorbed  and  escaped  freely.  The  chloroform  was  allowed  to  evaporate 
spontaneously,  and  the  viscid  oil  left  behmd  was  dissolved  in  the 
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least  quantitj  of  ethyl  acetate  and  poured  into  a  largie  excess  of  light 
petroleum.  A  oonaiderabl^  proporfcion  of  the  ozonide  separated  in  a 
soft,  resinooa  form,  which  was  again  dissolved  and  re  precipitated. 
The  auhsiance  was  placed  in  a  Tacaum  iieaiocator  and  finally  obtained 
as  a  colonrless,  glassy  solid  which  was  readily  powdered.  Two 
different  preparations  on  analysis  gave  the  following  figures : 

I.  01 767  gave  0  4224  OOj  and  01458  H,0.  0  =  65-29  ;  H=917. 
11.01781    „   0  4424  CO,   „    01459^0.   C- 6775 ;  H= 910. 

C2.H^/)-0,.  requires  C-67-50;  H«9-17. 

cliu^fi'O^       „      C  =  65-40;  H  =  8-87  per  cent. 

These  results  seem  to  show  that  six  or  seven  oxygen  atoms  are 
absorbed  by  the  cholestenone  molecule.  We  should  have  expected 
four  atoms  to  be  added  in  the  case  of  a  singly  unsaturated  ketone.  It 
may  be,  however,  that  cbolesteuone  contains  a  second  ethylene  linking 
which  is  not  rendered  apparent  by  the  usual  reagents, 

DseompoiiHon  qf  the  Ozonide  by  Waiter, — It  was  not,  for  subsequent 
experiments,  found  necessary  to  prepare  the  pure  oionide  as  above. 
Instead,  the  chloroform  solution  of  the  osonide  was  mixed  with  about 
twenty  times  its  volume  of  water  and  heated  on  the  water-bath  in  a 
cmrrent  of  purified  oxygen.  The  gases  evolved  were  passed  through 
measured  quantities  of  standard  baryta  solution.  The  action  was 
slow,  the  evolution  of  carbon  dioxide  continuing  for  many  honnk 
The  aqueous  liquid  remaining  in  the  flask  was  milky,  add  to  litmus, 
and  had  a  peculiar  odour  of  orange  oil  which  we  have  previously 
noticed  in  the  course  of  some  experiments  on  the  oxidation  of 
cholesterol  with  hydrogen  peroxide.  The  solid  product  was  left  as  a 
brown  oil,  which,  on  coolmg,  solidifiod  to  a  brittle  mass.  This  was 
dissolved  iu  other  aud  the  ethereal  solutioQ  sliaken  with  bodium 
carbonate  to  separate  the  acid  products  from  unchanged  cholesteuone 
or  other  neutral  .substances. 

The  alkaline  liquors  were  acidiBed  when  the  acids  separated  in  a 
thick  clot.  This,  after  drying,  was  extracted  with  light  petroleum, 
which  removed  some  oily,  non-crystalline  material  and  left  the  main 
product  of  the  reaction  in  the  form  of  a  white  powder,  the  yield  being 
25  per  cent,  of  the  original  cholestenone.  It  was  purified  by 
recrystallisation  from  acetone  and  from  a  mixture  of  light  petroleum 
and  benzene,  and  was  obtained  from  the  latter  solvent  in  leaves  which 
melted  at  155'': 

0-2179  gave  0*6154  GO^  and  0-2082  H,0.   G  «  77-02  ;  H  - 10*62. 
G2eU4>Os  requires  0-  77-65  ;  H»  10-52  per  cent. 

The  quantity  of  carbon  dioxide  evolved  in  these  experiments  was 
always  very  much  less  than  would  correspond  with  the  oxidation  of  a 
terminal  CH^  group  to  carbon  dioxide.    Thus  0*6745  of  pure  ozonido 
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gave  0  of  carbon  dioxide,  or  about  1  per  cent.,  vviiilst  thoory 

requires  9*8  per  cent.  In  other  experiiuonts  also  the  qu;inlity 
obtained  was  about  one-tenth  part  of  that  theoretically  required.  It 
seemed  likely  that  this  was  duo  to  the  preferential  oxidation  of  the 
O.^  aldehydi<2  substancey  presumably  formed,  by  the  hydrogen  peroxide. 
To  test  this  we  decomposed  the  crude  product  obtained  by  ozonising 
10  grams  of  cholest^none,  in  the  presence  of  very  dilute  hydrogen 
peroxide  and  sulphuric  acid.  The  yield  of  carbon  dioxide  now 
obtained  agreed  very  well  with  the  explanation  above  suggested. 

0*268  Oram  of  carbon  dioxide  was  obtained  together  with  2*30  grams 
of  the  acid  C^H^O,.  The  quantity  of  carbon  dioxide  theoretically 
prixlooed  with  this  quantity  of  acid  is  0*245  gram.  The  neutral 
products  of  the  reaction  contained  a  considerable  quantity  of 
unchanged  cholestenone. 

IdenHfieatum  of  lAs  AM  C^gH^^O^.  — The  acid  obtained  by  us 
agrees  in  all  its  properties  with  that  obtained  by  Windaus  by  the 
oxidation  of  cholestenone  with  permanganate.   On  titration : 

0*2571  required  G-37  c.c.  AVIO  sodium  hydroxide.  Equivalent  =  403. 
Ci^Uf^Oj,  luoaobattic,  requires  402. 

The  oamns  was  prepare^  according  to  the  directions  given  by 
Windaus,  and  was  obtained  from  ethyl  acetate  in  needles  which 
melted  and  decomposed  at  191^ : 

01794  gave  0-4928  CO2  and  0  1802  lip.    0  =  74-86;  H-1116. 
C^H^jOgN  requires  C  =  74  75  ;  H  =  10-33  per  cent. 

This  acid  formed  a  beautifully  crystalline  potassium  salt. 

On  oxidising  the  ke toxoid  with  potassium  hypobromite,  an  acid 
was  obtained  which  after  crystalUsation  from  benaene  sinterect  at 
127^  and  melted  at  130^  with  gas  evolution.  It  was  deliquescent. 
On  titration : 

0*SS40 required  14*0  cc.  i^/iO  sodium  hydroxide.   Equivalent •  IM. 

OygH^jOy,  tribasic,  requires  150. 

The  keto-acid  therefoie  on  further  oxidation  gives  the  tricarboxylic 
acid  C^B^^fi^. 

In  all  these  particulars  our  acid  corresponded  with  the  ketomono- 
earboxylic  acid  described  by  Windaus. 

A^ian  nf  Ozone  on  CholuiSToL — ^Ten  grama  of  anhydrous  cholesterol 
were  oionieed  in  chloroform  solution  as  described  above.  The  product 
was  purified  by  solution  in  ethyl  acetate  and  precipitation  with  light 
petroleum.  It  dried  in  a  vacuum  to  a  perfectly  transparent  glass 
which  readily  powdered.  It  had  all  the  properties  of  an  osonide. 
When  heated  on  platinum  it  enflamed,  and  it  liberated  iodine  from 
potassium  iodide  solution: 
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01796  gftve  b-4896  CO^  and  01687  H,0.  0  <-  74-35 ;  H- 10*44. 

Cj^H^^O  O3  requires  0*74*66  ;  H«  10*59  per  oeot. 

It  thus  appears  that  the  ozonide  is  formed  by  the  addition  of  three 
atoms  of  oxygen  at  the  ethylene  linking  of  the  alcoiiol  in  the  norm<ii 
manner. 

Rotation. — 0*9647  gram  made  up  to  25  c.c.  with  chloroform 
gave  a  +  112"  in  a  2-dcm..tabd;  hence  [a]o  +  14*51°.  The  rotation  of 
cholesterol  is  [a]^  —  36°. 

On  ti*eatmeut  with  water  in  a  manner  similar  to  that  described 
under  cholestenone,  the  aqueous  distillate  had  an  odour  of  orange  oil, 
was  acid,  and  after  neutraliAatiou  and  evaporation  gave  a  little  solid 
matter  which  strongly  reduced  amtnoniacal  silvereolatioiiand  probahl  v 
consisted  of  barium  formate.  In  the  absorption  Teseels  containing  the 
baryta  a  copious  precipitate  of  bariam  oarbonate  was  formed^  which 
was  collected  and  identified  in  the  asoal  way.  The  water  remaining 
in  the  flask  was  milky.  It  was  acid,  and  gave  the  magenta  test  for 
aldehydes.  The  solid  left  was  a  brown  resioy  whioh  dissolved  in 
alkalis  and  gave  predpitates  with  salts  of  the  heavy  metals.  We  have^ 
however,  not  as  yet  been  able  to  separate  any  of  the  ooastitnents  in  a 
state  of  pnrity,  but  we  are  canying  out  other  experiments  on 
derivatives  of  ohdesterol  whibh  we  hope  will  throw  some  li^t  on 
these  compounds. 

Cmekmont, 

These  experiments  on  cholestenone  fully  confirm  the  hypothesis  of 
Windaus  that  this  ketone  contains  an  unsaturated  side-chain  with  the 
double  link  in  a  vinyl  group.  If  the  relationship  of  cholestenone  to 
cholesterol  is  that  of  a  simple  ketone  to  its  secondary  alcohol,  then 
the  latter  substance  must  eontatn  a  similar  unsatorated  side-ehain. 
This  is  confirmed  by  our  observation  that  cholesterol  forms  an  ozonide, 
which  on  deoomposition  with  water  yields  carbon  dioxide.  Direot 
experimental  proof  of  this  point  has  hitherto  been  Jacking  if  we  except 
the  somewhat  oomples  reduction  of  cholestenone  to  cholesterol 
through  an  isomeric  /l-cholesteroli  recently  carried  oat  by  Diela  and 
linn  (Btr.,  1908,  41,  260). 

The  expenses  of  this  work  have  been  defrayed  by  a  grant  from  the 
Boyal  Society,  for  which  we  take  this  opportunity  of  expressing  onr 
thanks. 
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